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PREFACE 


TO 

THE FIRST EDITION. 

1/ 


^ Encyclopjeou of any of the Fine Arts has, £ix)m its nature, conuderable 
advantage over one which relates to the sciences generally. In the latter, the 
continual additions made to the common stock of knowledge ii-equently eflect 
such a complete revolution in their bases and superstructure, that the esta- 
blished doctrines of centuries may be swept away by the discoveries of a 
smgle day. The arts, on the other hand, are founded upon principles unsus- 
ceptible of change. Fashion may, indeed— nay, often does — change the 
prevailing taste of the day, but first principles remain the same ; and as, in a 
cycle, the planets, after a period of wandering in the heavens, return to the 
places which they occupied ages before, so, in the arts, after seasons of 
extravaganza and Uzzareria^ a recurrence to soimd taste is equally certain. 

It is URfortuig||fil|||Broduotion8 of the arts that the majority of those 
who are conBtiljH|^^H^dges are little qualified for the task, either by 
education or ha!aH||HHthi8, as it has been the complaint of every age, 
it is perhaps usenRM||Hp. This much may be said, that before any one 
can with propriety assillRhe name of architect, he must proceed regularly 
through some such course as is prescribed in this work. The main object of 
its author has been to impart to the student all the knowledge indispensable 
for the exercise of his profession ; but should the perusal of this encycloptedia 
serve to form, guide, or correct the taste even of the mere amateur, the 
author will not contider that he has laboured in vam. 

An encyclopaedia is necessarily a limited arena for the exhibition of an 
author’s power ; for although every subject in the department of which it 
treats must be noticed, none can be discussed so extensively as in a separate 
work. An attempt to produce a Complete Body of ArchitecUire the author 
believes to be entirely original. In his celebrated work, L’Art de Bdtir, 
Rondelet has embodied all that relates to the construction of buildings. 
Duiand, too {Lemons et Prkis dl Architecture), has publitited some admirable 
rules on composition and on the graphic portion of the art. Lebrun (Thdorie 
<r Archite(Mre) haa.tTeated on the pUlosophy of the equilibrium, if it may he 
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BO called, of the orders. The Encyclopidit Miihodiqut contains, under 
various heads, some invaluable detached essays, many of which, however, 
suffer from want of the illustrative plates which were originally projected as 
an appendage to them. All these, with others in the French language, 
might, indeed, be formed into a valuable text-book for the architect ; but no 
such attempt has hitherto been made. Neither in Germany nor in Italy has 
any complete work of the kind appeared. In the English, as in other 
languages, there are doubtless several valuable treatises on different branches 
of the art, though not to the same extent as in French. In 1756, Ware 
(London, folio) published what he called A Complete Body of Architecture. 
This, though in many respects an useiul work, is far behind the wants of the 
present day. It is confined exclusively to Eoman and Italian architecture ; 
but it does not embrace the history even of these branches, nor does it contain 
a word on the sciences connected with construction. The details, therefore, 
not being sufficiently carried out, and many essential branches being entirely 
omitted, the work is not so generally useful as its name would imply. From 
these authorities, and many others, besides his own resources, the author of 
this encyclopaedia has endeavoured to compress within the limits of one 
closely-printed volume all the elementary knowledge indispensable to the 
student and amateur ; and he even ventures to indulge the belief that it will 
be found to contain information which the experienced professor may have 
overlooked. 


Though, in form, tlie whole work pretends to originality, this pretension is 
not advanced for the whole of its substance. Not merely all that has long been 
known, but even the progressive discoveries and improvements of modern 
times, are usually founded on facts which themselves have little claims to 
novelty. As a fine art, architecture, though in and changes 

inexhaustible, is in respect of first principles coii^ifty ^i^ lih *>eTtain limits* 
but the analysis of those principles and their W IStain types have 

afforded some views of the subject which, it is wffl be new even to 

those who have passed their lives in the study of the art. 

In those sciences on wliich the constructive power of the art is baaed the 
author apprehended he would be entitled to more credit by the use of 
weightier authorities than his own. Accordingly, in the ‘Second Book, he 
has adopted the algebra of Euler ; and in other parts, the works of writers of 
established reputation. The use of Rossignol’s geometry may indeed be dis- 
approved by rigid mathematicians ; but, considering the variety of attainments 
indispensable to the architectural student, the author was induced to shorten 
and smooth his path as much as possible, by refraining from burdening his 
memory with more mathematical knowledge than was absolutely requisite for 
his particular art. On this account, also, the instruction in algebra is not 
carried beyond the solution of cubic equations; up to that point it was 
nece^ry to prepare the learner for a due comprehension of the succeeding 
inquiries into the method of equilibrating arches and investigating the protv 
sures of their different parts. 





Ik 


In all matters of importance, in the works of prerioiui writers hart 
3en used, the souroes have been indicated, so that reference to the original 
Lay be made. Upon the celebrated work of Bondelet above mendoned, on 
lany learned articles in the Encyclopidie Methodique^ and on the works of 
>urand and other esteemed authors,. large contributions have been levied; 
lit these citations, it will be observed, appear for the first time in an 
Inglish dress. In that part of the work which treats of the doctrine of arches, 
le chief materials, it will be seen, have been borrowed firom Eondelet, whose 
lews the author has adopted in preference to those he himself gave to tho 
rorld many years ago, in a work which passed through several editions. 
Lgain, in the section on shadows, the author has not used his own treatiso 
n Sciography. In the one case, he is not ashamed to confess his inferiori^ 
1 so important a branch of the architect's studies; and in the other, he 
rusts that matured experience has enabled him to treat the subject in a form 
ikely to be more extensively useful than that of treading in his former steps. 

The sciences of which an architect should be cognisant are enumerated by 
(Vitruvius at some length in the opening chapter of his first book. They are, 
)erhaps, a little too much swelled, though the Koman in some measure 
[ualifies the extent to which he would have them carried. ‘‘ For,’’ he ob- 
erves, in such a variety of matters (the different arts and sciences) it 
•annot be supposed that the same person can aiTive at excellence in each.** 
\.nd again : That architect is sufficiently educated whose general knowledge 
jnables him to give his opinion on any branch when required to do so. Those 
into whom nature hath been so boimtiful that they are at once geometricians, 
istionomers, musicians, and skilled in many other arts, go beyond what is 
•equired by the architect, and may be properly called mathematicians in tho 
jxtended sense of that word.’* Pythius, the architect of the temple of Minerva 
it Priene, differed, however, from the Augustan architect, inasmuch as he 
considered it absolutely requisite for an architect to have as accurate a know- 
ledge of all the arts and sciences as is lurely acigtired even by a professor devoted 
exclusively to one. 

In a work whose object is to compress within a comparatively restricted 
space so vast a body of information as is implied in an account of what is 
known of historical, theoretical, and practical architecture, it is of the highest 
importance to preserve a distinct and precise arrangement of the subjects, so 
that they may be presented to the reader in consistent order and unity. 
Without order and method, indeed, the work, though filled with a large and 
valuable stock of information, would be but an useless mass of knowledge. 
In treating the subjects in detail, the alphabet has not been made to perform 
the function of an index, except in the glossary of the technical terms, which 
partly serves at the same time the purpose ^ a dictionary, and that of an 
index to the principal subjects noticed in the work. The following is a 
fynoptical view of its contents, exhibiting its different parts, and the mode in 
whi;h they arise from and are dependent on each other. 

{A List of ths Contents toaa here mssr^eef.] 
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P^^rfectioii ifl not fttt&inablo in Imnian labouTi and the errors and defects of 
work will) doubtlesS) in due time be pointed out ; but as the subject has 
occupied the author’s mind during a considerable practice, he is inclined to 
think that these will not be very abundant. He can truly say that he has 
bestowed upon it all the care and energy in his power; and he alone is 
Tesponable for its errors or defects — the only assistance he has to acknowledge 
being from his son, Mr. John Sebastian Gwilt, by whom the illustrative 
drawings were executed. No apology is offered for its appeai'ance, inasmuch 
the want of such a book has been felt by every architect at the beginning 
of his career. Not less is wanted a similar work on Civil Engineering, which 
the author has pleasure in stating is about to be shortly supplied by his 
friend, Mr. Edward Cresy. [^This work has since been publishedj] 


Without deprecating the anger of the critic, or fearing what may be urged 
against his work, the author now leaves it to its fate. His attempt has been 
for the best, and he says with sincerity. 


** Si quid novisti recti us ibtis 
Candidus imperti ; si non his utere mecuin.** 

SepUmhtr SO, 184SL 


J. G. 


ADVERTISEMENT. 

GWILT’S ENCYCLOPiliiDIA, first published in 1842, has now passed 
through eight impressions, those of 1867 and 1876 having received extensive 
revision and many important additions at the hands of Mr. Wyatt Papworth. 
In this, the ninth impression, besides many requisite amendments and addi- 
tions throughout the pages, the chapters entitled Materials used in Build- 
INO and Use of Materials, which constitute a main portion of the work, 
have been largely revised, parts rewritten and added to in important particu- 
lars, especially in regard to the details of Fireproof and Sanitary construction, 
in order to record the results of later theories and the numerous inventions 
introduced since the previous revision. The section Specifications has been 
recompiled and enlarged. Several sections of the chapter on Public and 
Private Buildings have been withdrawn, and some re-inserted in other por- 
tions of the work : a few added revised. The Lives of eminent Architects 
have been brought down to date ; as are also the Publications, which have 
been partly re-arranged in additional classes ; while the Glossary of Terms 
has been amended where desirable. The Index has been carefully revised 
to include all new matter. 


Patbbnostsb How: June 1888. 
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BOOK I. 

HISTORY OF ARCHITECTURE. 


CHAP. I. 

ON THE OEIOIN OF ARCHITECTURE. 


Sect. I. 

WANTS OF MAN, AND FIRST BUILDINGS. 

1. Protection from the inclemency of the seasons was the ancestor of architecture. Of 
little account at its birth, it rose into light and life with the civilisation of mankind ; and. 
proportionately as security, peace, and good order were established, it became, not less than 
Its sisters, painting and sculpture, one method of transmitting to posterity the degree of 
importance to which a nation had attained, and the moral value of that nation amongst the 
kingdoms of the earth. If the art, however, be considered strictly in respect of its actual 
utility, its principles are restricted within very narrow limits ; for the mere art, or rather 
science, of construction, has no title to a place among the fine arts. Such is in various 
degrees to be found among people of savage and uncivilised habits ; and until it is brought 
into a system founded upon certain laws of proportion, and upon rules based on a refined 
analysis of what is suitable in the highest degree to the end proposed, it can pretend to no 
rank of a high class. It is only when a nation has arrived at a certain degree of opulence 
and luxury that architecture can be said to exist in it. Hence it is that architecture, in its 
origin, took the varied forms which have impressed it with such singular differences in 
different countries; differences which, though modified as each country advanced in civilisa- 
tion, were, in each, so stamped, that the type was permanent, being refined only in a higher 
degree in their most important examples. 

2. The ages that have elapsed, and the distance by which we are separated from the 
nations among whom the art was first practised, deprive us of the means of examining the 
shades of difference resulting firom climate, productions of the soil, the precise spots upon 
which the earliest societies of man were fixed, with their origin, number, mode of life, and 
social institutions; all of which influenced them in the selection of one form in preference to 
another. We may, however, easily trace in the architecture of nations, the types of three 
distinct states of l&e, which are clearly discoverable at the present time; though in some 
coses the types may be thought doubtful. 

/ 
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OICJGIN AMj PHOGRESS OF BUILDING. 

3. Tile original classes into which mankind were divided wer**, we may safely assume, 
those of hunters, of shepherii, a.id of those occupied in agriculture; and tlie buildings for 
protection which each would reijuire, must have been charactci ised by their several occu- 
pations. The hunlL'i* and hsher fo\ind all the accommodation they rcquiied in the cletts 

and caverns of rocks ; and the indolence 
which those states of life induced, made 
them insensible or indidereiit to greater 
comfort than such naturally-formed ha- 
bitations attbrded. W e are certain that 
thus lived such tiibcs. .Jeremiah (chap 
xlix. 16,), speakiiii^ of the judgment 
upon Kdom, says. “ O thou that dwellest 
in the clefts of the rock, that boldest the 
height of the hill a text which of late 
has received ample illustration from tra- 
vellers, and especially fiom the labours of 
Messrs, l^eon de Laliorde and Linant, in 
the splendid engravings of the ruins of 
Petra ( //g. 1.). 'ib tlie shepherd, the 
inhabitant of the plains wandering from 
one sj)Ot to another, as jiasture became 
inadequate to the support of his docks, 
.inothei species of dwelling was more ap- 
piopiiate; one which he could remove 
with him ill his wandeiings : this was the 
tent, the type of the architecture of 
China, whose people were, like all the 
Tartar races, nonindts or i,centtes, that is, 
shepherds or dwellers in tents. Where a 
poition of the race fixed its abode for 
riK* 1 KuiM* oy FKJRA. the purposes of agriculture, a very dif- 

ferent species of dwelling uas necessar\. Solidity was lequired as well for the peisonal 
comfort of the husbandman as foi pieserving, fiom one season to another, the fruits of the 
earth, ui>on v hich he and his famil) weie to exist. Hence, doubtless, the hut, which most 
authors have .issumed to be the type of Grecian architecture. 

4. Authors, s.ijs the writer in the Enci/c. Mtthodique, in their search after the origin of 
architectuie, have generally confined their views to a single type, without considering the 
modification which would be necessary for a mixture of two or more of the states of mankind ; 
for it is evident that any two or three of them may co-exist, a ])oint upon which more will 
be said in speaking of Egyptian architecture. Hence have arisen the most discordant and 
contradictory systems, foimed without sufficient acquaintance with the customs of different 
})eople, their oiigin, and first state of existence. 

5. The earliest habitations which weie constructed after the disjiersion of mankind from 
the plains of Seniiaai (for there, certainly, as wt shall hereafter see, even without the evidence 
of Sciipturc, was a great multitude gatlieied together), were, of course, proportioned to 
the means vvliicli the spot afforded, and to the nature of the climate to whicli they were to be 
adapted, lieeds, canes, the brandies, bark, and leaves of trees, clay, and similar materials 
would be first used. The first houses of the Egyptians and of the jieople of Palestine were 
of reeds and canes interwoven. At the present day the same materials serve to form the 
houses of the l*eiuvlans. According to Pliny (1. vii.), the first houses of the Greeks were 
only of clay ; for it was a considerable time before that nation was acijuainted with the 
process of hardening it into bricks. The Abyssinians still build with clay and reeds. 
Wood, however, offers such facilities of construction, that still, a.s of old, where it abounds, 
its adoption prevails. At fiist, the natural order seems to be that which Vitruvius 
deseiibes in tlie first chapter of Ins second book. “The first attempt,” says our author, 
** was the mere erection of a few spars, united together with twigs, and covered with mud. 
Others built their walls of dried lumps of turf, connected these walls together by means of 
timbers laid across horizontally, and covered the erections witli reeds and boughs, for the 
purpose of sheltering themselves from the inclemency of the seasons. Finding, however, 
that flat coverings of this sort would not effectually shelter them in the winter season, they 
made their roofs of two inclined planes, meeting each other in a ridge at the summit, the 
whole of which they covered with clay, and thus carried off' the rain.” The same author 
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afterwards observes, 'I’lie woods about Poutus furnish such abundance of timber, that 
they build in the foliowinfij manner. Two trees are laid level on the earth, right and left, 
at such distance from each other as will suit the length of the trees which are to cross and 

connect them. On 
the extreme ends 
of these two trees 
are laid two other 
trees, transverse- 
ly : the space 
which the house 
will enclose is thus 
marked out 'llie 
four sides being 
so set out, towers 
are raised, wliose 
wails consist ot 
trees laid horizon- 
tally, but kept per- 
pendicularly over 
each other, the al- 
ternate layers y ok - 
ing the angles. 

tig ■^. KAllLV lUlilUli CUNsiilUUllWlk. 'I'llC Rvcl illtCr- 

stices, which the thickness of the trees alteriiat|||||^' leave, is filled in with chips and mud. 
On a similar piinciple they form their roots, that gradually reducing the length of 

the trees which ti averse tioiu side to side, liS assume a pyramidal form. They are 
covered witli boughs, and thus, after a rude fashion of vaulting, their quadrilateral roofs are 
formed.” The northern parts of Germany, Poland, and Russia still exhibit traces of this 
method of building, which is also found in Florida, Louisiana, and elsewheie, in various 
places See. /re. 2. 

(j. We shall not, in this place, pursue the discussion on the timber hut, which liaA 
certainly, with great appearance of probability, been .so often said to contain within it the 
t vpes of Grecian architecture, hut shall, uiulei that head, enlarge further on the subject. 



Sfct. hi. 

DIFFKKKNT SOKl’S OF UWKI l.INC.S ARISING FROM DIFFKRKNT OCt'Ul'ATlONS. 

7. The construction of the early habitations of mankind required little skill and as little 
knowledge. A very restricted number of tools and machines was rerpiired. The method 
of felling timber, whicb uncivilised nations still use, namely, by Hre, might have served ail 
purjioses at first. The next stej) would be the shaping of hard and infrangible stones into 
cutting tools, as is still the practice in some jiarts of the continent of America. These, as 
the metals became known, would be supplanted by tools formed of them. Among the 
Peruvians, at their inva.sion by the Spaniards, the only tools in use were the hatchet and 
the adze ; and we may fairly assume that similar tools were the only ones known at a 
period of high antiquity. The sjiw, nails, the hammer, and other instruments of carpentry 
were unknown. The Greeks, who, as Jacob IJryant says, knew nothing of their own 
history, a.scribe the invention of the instruments ncces.sary for working materials to Daedalus; 
but only a few of these were known even in the time of Homer, who confines himself to 
the hatchet with two edges, tlie plane, the auger, and the rule. He ])articularises neither 
llie s(juare, compasses, nor saw. Neither the Greek word rrpiuu (a saw), nor its equivalent, 
is to be found in his works. Dredalus is considered, however, by Gogiiet as a fabulous person 
altogether, the word meaning, according to him, nothing more than a skilful workman, a 
meaning which, he observes, did not escajie the notice of Pausanias. 'I'he surmise is borne 
[)ut by the non-mention of so celebrated a character, if he had ever existed, by Homer, and, 
anerwards, by Herodotus. The indu.stry and perseverance of man, however, in the end, 
overcame the difficulties of construction. For wood, which was the earliest material, at 
length were substituted bricks, stone, marble, and the like ; and edifices were reared of 
unparalleled magnificence and solidity. It seems likely, that bricks would have been in 
ise for a considerable period before stone was employed in building. They were, probably, 
ifter moulding, merely subj‘ectcd to the sun’s rays to acquire hardness, 'lliesc were the 
naterials whereof the Tower of Pabel was constructed. These also, at a very remote 
fieriod, were used by the Egyptians. Tiles seem to have been of as high an antiquity as 
>ricks, and to have been used, as in the present day, for covering roofs. 

8 The period at which wrought stone was origiuallv used for architectural purposes is 
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quite unknown, as is that in which cement of any kind was first employen us tlie rnediuui 
of uniting masonry. They were both, doubtless, the invention of that race whicfi we have 
mentioned as cultivators of land, to whom is due the introduction of architecture, properly 
10 called. To them solid and durable edifices were necessary as soon as they had fixed 
upon a spot for the settlement of themselves and their Emilies. 

9. Chaldasa, Egypt, Phoenicia, and China are the first countries on record in which 
architecture, worthy the name, made its appearance. They had certainly attained con- 
siderable proficiency in the art at a very early period ; though it is doubtful, as respects 
the three first, whether their reputation is not founded rather on the enormous ma^^s of 
their works, than on beauty and sublimity of form. Strabo mentions many magniHcont 
works which he attributes to Semiramis; and observes that, besides those in Babylonia, 
there were monuments of Babylonian industry throughout Asia. He mentions K6(f)oi (high 
altars), and strong walls and battlements to various cities, as also subterranean passages of 
communication, aqueducts for the conveyance of water under ground, and passages of great 
lengtii, upwards, by stairs. Bridges are also mentioned by him (lib. xvi. ). Moses has pre- 
served the names of three cities in Chaldu^a which were founded by Nimrod ( Gett. x. 10.). 
Ashiir, wc are told, built Nineveh: and (Gen, xix. 4.) as early as the age of Jacob and 
Abraham, towns had been established in Palestine. The Chinese attribute to Fold the 
encircling of cities and towns with walls ; and in respect of Egypt, there is no question 
that in Ilomer’s time the celebrated city of I'liehes had been long in existence. The 
works in India are of very early date; and we shall hereafter offer some remarks, when 
speaking of the extraordinary monument of Stonehenge, tending to prove, as Jacob Bryant 
supposes, that the earliest buildings of both nations, as well as those of Phanicia and other 
countries, were erected by colonies of some great original nation. If the Peruvians and 
Mexicans, without the aid of carriages and horses, without scaffolding, cranes, and other 
machines used in building, without even the use of iron, were enabled to raise monuments 
which are still the wonder of travellers, it would seem that the mechanical arts were not 
indispensable to the progress of architecture ; but it is much more likely that these were 
understood at an exceedingly remote period in Asia, and in so high a degree as to have lent 
their aid in the erection of some of the stupendous works fo which we have alluded. 

10. The art of working stone, which implies the use of iron and a knowledge of the 
method of tempering it, was attributed to Athotbis, the successor of Menes. It seems, 
however, possible that the ancients were in possession of some secret for preparing bronze 
tools which were capable of acting upon stone. Be that as it may, no country could have 
been called upon earlier than Egypt to adopt stone as a material, for the climate does not 
favour the growth of timber ; hence stone, marble, and granite were thus forced into use ; 
and we know that, besides the facility of transport by means of canals, as early as the time 
of Joseph waggons were in use. (Gen, xlv. 19.) We shall hereafter investigate the hypo- 
thesis of the architecture of Greece being founded upon types of timber buildings merely 
observing here, by the way, that many of the columns and entablatures of Egypt had 
existence long before the earliest temples of Greece, and therefore that, without recurrence 
to timber construction, prototypes for Grecian architecture are to be found in the venerable 
remains of Egypt, where it is (juite certain wood was not generally employed as a material, 
and where the subterranean architecture of the country offers a much more probable origin 
of the style. 
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Sect. I. 

DRUiniCAI. AND CELTIC ARCHITECTURE. 

11. If rudeness, want of finish, and the absence of all appearance ot art, be criteria tor 
judgment on the age of monuments of antiquity, the wonderful remains of Aburv and 
jptonehenge must be considered the most ancient that have preserved their form so* as to 
Hl^ate the original plan on which they were constructed, 'flie late Mr. Godfrey Higgins, 
H|nntleman of the highest intellectual attainments, in his work on the Celtic Druids (pub- 
Hfed 1829), has shown, as we think satisfactorily, that the Druids of the British Isles were 
^colony of the first race of people, learned, enlightened, and descendants of the persons who 
escaped the deluge on the borders of the Caspian Sea ; that they were the earliest occu- 
piers of Greece, Italy, France, and Briuin, and arrived in those places by a route nearly 
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ilong the forty-fifth parallel of north latitude ; that, in a similar manner, colonies advanced 
from the same great nation by a southern line through Asia, peopling Syria and Africa, and 
arriving at last by sea through the Pillars of Hercules at Britain ; that the languages^ df 
the western world were the same, and that one system of letters — viz. that of the Irish 
Druids — pervaded the whole, was common to the British Isles and Gaul, to the inhabitants 
of Italy, Greece, Syria, Arabia, Persia, and Hindostan; and that one of the two alphabets 
(of the same system) in which the Irish MSS. are written — viz. the Beth-1 uis-nion — came 
by Gaul through Britain to Ireland ; and that the other — the Bobeloth — came through the 
Straits of Gibraltar. Jacob Bryant thinks that the works called Cyclopean were executed 
at a remote age by colonies, of some great original nation ; the only difference between his 
opinion and that of Mr. Higgins being, that the latter calls them Druids, or Celts, from the 
time of the dispersion above alluded to. 

1 2. The unhewn stones, whose antiquity and purport is the subject of this section, are 
fDund in Hindostan, where ll>ey are denominated “ pandoo koolies,” and are attributed to a 
Tabulous being named Pandoo and his sons. With a similarity of character attesting their 
common origin, we find them in India, on the shores of the Levant and Mediterranean, in 
Belgium, Denmark, Sweden and Norway, in France, and on the shores of Britain from the 
Straits of Dover to the Land’s End in Cornwall, as well as in many of the interior parts of 
the country. They are classed as follows: — 1. 'Phe single stone, pillar, or obelisk. 
2. Circles of stones of different number and arrangement. 3. Sacrificial stones. 4,^rom- 
lechs and cairns. 5. Logan stones. 6. Tolmen or colossal stone». 

13. (1.) Single Stonee. — Passages abound in Scripture in which the practice of #jilsting 
single stones is recorded. The render on this point may refer to Gen. xxviii. 1 8 ., Judges^ ix. 
6., 1 Sam^ vii. 12., 2 Sam. xx. 8., Joshua^ xxiv. 27. The single stone might be an emblem 
of the generative power of Nature, and thence an object of idolatry. That mentioned in 
the first scriptural reference, which Jacob set up in his journey to visit Laban, his uncle, and 
which lie had used for his pillow, seems, whether from the vision he had while sleeping upon 
it, or from some other cause, to have become to him an object of singular veneration ; for 
he set it up, and poured oil upon it, and called it Bethel ” (the house of God). It is 
curious to observe that some pillars in Cornwall, assumed to have been erected by the Phoe- 
nicians, still retain the appellation Bothei. At first, these stones were of no larger dimen- 
sion than a man could remove, as in the instance just cited, and that of the Gilgal of 
Joshua (JbsA. iv. 20.) ; but that which was set up nnder an mk at Shechem (ibid. xxiv. 23.), 
was a great stone. And here we may notice another singular coincidence, that of the Bothei 
in Cornwall being set up in a place which, from its proximity to an oak which was near the 
spot, was called Bothel-ac; the last syllable being the Saxon for an oak. It appears from 
tile Scriptures that these single stones were raised on various occasions ; sometimes, as 
in the case of Jacob’s Bethel and of Samuel’s Ebenezer, to commemorate instances of 
divine interposition ; sometimes to record a covenant, os in the case of Jacob and Laban 
(Gen. xxxi. 48.) ; sometimes, like the Greek stela;, as sepulchral stones, as in the case of 
llachel’s grave (Gen. xxxvi. 20.), 1700 years B.C., according to the usual reckoning. They 
were occasionally, also, set up to the memory of individuals, as in the instance of Absalom’s 
pillar and others. ITie pillars and altars of the patriarchs appear to have l>ecn erected in 
honour of the only true God, Jehovah ; but wherever tkfc9 Canaanites appeared, they seem 
to have been the objects of idolatrous worship, and to h«^ri9 been dedicated to Baal or the 
sun, or the other false deities whose altars Moses ordered the Israelites to destroy. The 
similarity of pillars of single stones almost at the opposite sides of the earth, leavc*s no doubt 
in our mind of their being the work of a people of one common origin widely scattered ; 
and the hypotheses of Bryant and Higgins sufficiently account for their appearance in 
places so remote from each other. In consequence, says the latter writer, of some cause, no 
matter what, the Hive, after the dispersion, casted and sent forth its swarms. One of the 
largest descended, according to GenesU (x. 2.), from Corner, went north, and then west, 
pressed by succeeding swarms, till it arrived at the shores of the Atlantic Ocean, and ulti- 
mately colonised Britain. Another branch, observes the same author, proceeded through 
Sarniatia southward to the Euxiue (Cimmerian Bosphorus) ; another to Italy, founding 
the states of the Uinbrii and the Cimmerii, at Cuma, near Naples. Till the time of the 
Homans these different lines of march, like so many sheepwalks, were without any walled 
Cities. Some of the original tribe found their way into Greece, and between the Carpathian 
mountains and the Alps into Gaul, scattering a few stragglers as they passed into the 
beautiful valleys of the latter, where traces of them in Druidical monuments and language 
are occasionally fbund. Wherever they settled, if the conjecture is correct, they employed 
themselves in recovering the lost arts of their ancestors. 

14. To the Canaanites of Tyre and Sidon may be chiefly attributed the introduction of 
these primeval works into Britain. The Tyrians, inhabiting a small slip of barren land, 
were essentially and necesswily a commercial people, and became the most expert and 
mventurous sailors of antiquity. It has been supposed that the constancy of the needle to 
the pole, ” that path which no fowl knowetli, and which the vulture’s eye hath not seen,* 
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known to tk Tvrinn^; and, indeed it ^eem$ warcelf pawbie that, hr the beip tfi0 
$tnrs alone, they sUokd have been able to maintain a commerce for tin on the aho/m nf 
ihitain, whose western coast furnished that metal in abundance, and whose islands ( the 
Scilly ) were known by the title of Cassitcrides, or tin 
islands. In this part of Ib itain there seems umjuesthn- 
able evidence that they settled a colony, end ^ were the 
architects of Stonehenge, A bury, and other similar works 
in tne British islands. In tliese they might have been 
assisted by that part of the swarm which reached our 
shores through Gaul ; or it is possible that the works in 
question may be those of the latter only, of whom traces 
exist in Britany at the monument of Carnac, whereof 
it is computed 4000 stones still remain. From among 
the number of pillars of this kind still to be seen in 
England, we give (Jig. 3.) that standing at lliidstone, in 
the east riding of Yorkshiic. It is described by Drake, 
in his Eboracum, as “ coarse rag stone or millstone grit, 
and its weight is computed at between 40 and 50 tona 
In form (the sifles being slightly concave) it approaches 
to an ellipse on the plan, the breadth being 5 ft. 10 in., 
and the thickness 2 ft. 3 in., in its general dimensions. 

Its height is 24 ft. ; and, according to a brief account 
communicated to the late IMr. Pegge, in the year 1769 
{Archaologta, vol. v. p. 95. ), its depth underground equals its height above, as appeared from 
an experiment made by the late Sir William Stricklatul.’* 

15 . ( 2 .) Chdes of Stone. — The Israelites were in the habit of arranging stones to repre- 
sent the twelve tribes of Israel (Exod. xxiv. 4 .), and for another purpose. {Deut. xxvii. 2 . ) 

And in a circular form we find them set up by .loshua’s order on the passage of the Israelites 
through Jordan to Gilgal (‘7:^3); a word in which the radical Gal or Gil (signifying a 
wheel) is doubled to denote the continued repetition of the action. In this last case, Joshua 
made the arrangement a type of the Lord rolling away their reproach from them. 

16. Though traces of this species of monument are found in various parts of the world, 
even in America, we shall confine our observations to those of Abury and Stonehenge, 
merely referring, by way of enumeration, to the places where they are to be found. Thus 
we mention Rolbricli in Oxfordshire, the Ilurlers in Cornwall, Long Meg and her daughters 
in Cumberland, remains in Derbyshiie, Devonshire, Dorsetshire, at Stanton Drew in 
Somersetshire, and in Westmoreland. They are common in Wales, and are found in the 
Western Isles. There are examples in Iceland, Norway, Sweden, Denmark, and various 
parts of Germany. Clarke, in his description of the hill of Kushunlu Tepe in the Troad, 
observes, that all the way up, the traces of former works may be noticed, and that, on the 
summit, there is a small oblong area, six yards long and two broad, exhibiting vestiges of the 
highest antiquity ; the stones forming the inclosure being as rude as those of 'I'iryns in 
Argolis, and encircled by a grove of oaks covering the top of this conical mountain. The 
entrance is fi om the south. Upon the east and west, outside of the trees, are .stones ranging 
like what we in England call Druidical circles. Three circles of stones are known in 
America, one of which stands upon a high rock on the banks of the river Winnipigon. 

The stupendous monument of Carnac in Britany, of which we have above made mention, 
is not of a circular form ; the stones there being arranged in eleven straight lines, from 
30 to 33 ft. apart, some of wliicli are of enormous size. Tliey are said to have formerly 
extended three leagues along the coast A description of this monument is given in 
vol xsii. of the Archaeohyia ; and in Gailhahaud, Monumens, 4to, Paris, 1842-52, 

17. Abury, or Avebury, in Wiltshire, of which we give a view in a restored state 
\ is a specimen of this species of building, in which the climax of magnificence 

was attained. Stukely, who examined the ruins wlicn in much better preservation than at 
present, says, “ that the whole figure represented a snake transmitted through a circle ; ” 
and that, “ to make their representation more natural, they artfully carried it over a variety 
of elevations and depressions, which, with the curvature of the avenues, produces sufficiently 
the desired eflTect. To make it stilt hiore elegant and picture-like, the head of the snake is 
carried up the southern promontory'uf Hackpen Hill, towards the village of West Kennet • 
nay, the very name of the hill is derived from this circumstance ; ” for acan, he observes, sig- 
tiifies a serpent in the Chaldaic language. Dr. S. then goes on to state, “that the dracontia 
was a name, amongst the first-learned nations, for the very ancient sort of temples of which 
they could give no account, nor well explain their meaning upon it.*’ The figure of the 
serpent extended two miles in length ; and but a verv faint idea can now be formed of whai 
it was in its original state. Two double circles, one to the north and the other to the 
'south of the centre, were placed within the large circle, which formed the principal body of 
the serpent, and from which branched out the head to Hackpen Hill, in the direction of 
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West Keiinety as one avcttijf|j| and the other, the tail, in the direction of Heckhampton 
Dr. Stukely makes the numlsir of stones, 652 in all, as under — 


bUHiett 

The great circle . . 100 

Outer circle north of the centre 30 
Inner ditto . .12 

Outer circle, south . . 30 

Inner ditto , . .12 


Cove and altar stone, north circle 4 


Stones 

Central pillar and altar, south I 


circle . . 2 

Kennetaienue . . 200 

Beckhampton avenue . 200 

Outer circle of Hackpbn . 40 
Inner ditto . . .18 


Stoneii 

Long stone Cove jambs « 2 

A stone he calls the ring stone 1 
Closing stone of the tail 1 

Total . . 




^ no 
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Of these, only seventy-six stones remained in the Kcnnet avenue in 1722 The largre 
circle was enclosed by a trench or vallum iipwaids of 50 h:. in depth and between GO and 
j 70 ft. in width, leaving entrances 

open where the avenues intersected 
^ ^ ^ ^ it. The colossal mound, called 

^ “ Silbury hill,” close to the Bath 

road, was probably connected in 
some way with the circle we have 
^ ^ ^ described, from the circumstance of 

ETO V the Roman road to Bath, made long 

^ ^ ^ afterwards, being diverted to avoid 

it. Dr. Owen thinks that the Abury 
circle was one of three primary cir- 
cles in Great Britain, and that Sil- 
tury lull was the pile of Cyvrangon 
(heaping) characterised in the Hth 
Welsh triad; but the conjecture 
ft M ^ affords us no assistance in determin- 

^ ^ mg the people by whom the inonu- 

^ ^ ^ £» i^ent was raised. If it he in its 

^ o ^ V# ' ^ arrangement intended to represent 

^ ^ ^ ^ a serpent, it becomes immediately 

^ ^ m <■* ^ ^ connected with ophiolatry, or ser- 

, 4 ^ ''' pent worship, a sin which beset the 

/ ’ ^ Israelites, and which would stamp 

^ ^ I it as proceeding from the central 

N stamen of the hypothesis on which 
*^»*** fiAH or sToifEHEME. Ml HiggiHs sots out. Scc Obscrv- 

4tioni on Dracoatla, by the Rev. John Bathurst Deane, ArchctvL vol.*' xxv. 

** Aoliam Fitanen a Ima psrte rellnqalt, 
f acUque de t«xo longl simulacra l>raconIi,**-.0'ViD, rii 337. 

^hich is a picturesque description of Abury. 

18. Stonehenge, on Salisbury Plain, about seven miles from Salisbury and two miles 
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to the %rest of Ambroabary, is certainly more artificial in its structure than Abury, and its 
construction may therefore be safely referred to a later date, hip. 5. is a restored^ plan of 
this wonder of the west, as it may weli be called. The larger circle is 105 feet in diameter, 
and between it and the interior smaller circle is a space of about 9 feet. Within this smaller 
circle, which is half the height (8 feet) of the exterior one, was a portion of an ellipsis 
formed by 5 groups of stones, to which Dr. Stukely has given the name of trilithons, 
because formed by two vertical and one horizontal stone : the former are from 17 to 1 8 j 
feet high, the middle trilithon being the highest. Within this ellipsis is another of single 
stones, half the height of the trilithons. The outer circle was crowned with a course of 
stones similar to an architrave or epistylium, the stones whereof were let into or joggled 
with one another by means of egg-shaped tenons formed out of the vertical blocks. The 
ellipsis was connected in a similar manner. Within the inner elliptical enclosure was a 
block 16 ft. long. 4 ft. broad, and 20 in. thick. This has usually l>een cabled the altar 
stone. Hound the larger circle, at the distance of 100 ft., a vallum was formed about 52 ft. 
in width, so that the external dimenMon of the work was a diameter of 420 ft. The vallum 
surrounding these sacred places seems to have been borrowed by the Canaanites in imitation 
of the enclosure with which Moses surrounded Mount Sinai, in order to prevent the multi- 
tude from approaching too near the sacred mysteries. The number of stones composing 
this monument is variously given. In the subjoined account we follow Dr. Stukely: — 


GreM circle, vertical itones . 30 

KplrtylU ... 30 

Inner circle . . . .40 

Vertical stone* of outer ellipsis . 10 

Kplstylia to them . . 5 

Inner ellipsis • , ID 

Altar ..... I 


Stones. 

Stones within vallum . . . S 

A largo table stone . . . i 

Distant pillar .... 1 

Another stone, supposed to have been 
opposite the entrance . . 1 

Total .... "7^ 


Northwards from Stonehenge, at the distance of a few hundred yards, is a large single stone, 
which, at the period of its being placed there, has been by some thought to have marked 
a meridian line from the centre of the circle. 

19. Fiff. 6. is a view of the present state of this interesting ruin from the west, Mr, 
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Cunnington, in a letter to IMr. Higgins, gives the following account of the stones which 
remain of the monument: — “ The stones on the outside of the work, those comprising the 
outward circle as well as the large (five) trilithons, are all of that species of stone called 
‘ sarsejt * found in the neighbourhood ; whereas the inner circle of small upright stones, 
and those of the interior oval, are composed of granite, hornstone, &c., mo.st probably pro- 
cured from some part of Devonshire or Cornwall, as I know not where such stones could 
be procured at a nearer distance.” 

20. Authors have in Stonehenge discovered an instrument of astronomy, and among them 
Maurice, whose view as to its founders coincides with those of the writers already cited, and 
with our own. We give no opinion on this point, but shall conclude the section by placing 
before the reader the substance of M. Bailly’s notion thereon, recommending him to consult, 
ill that respect, authorities better than we profess to be, and here expressing our own belief 
that the priests of ancient Britain were priests of Baal ; and that the monuments, the 
subjects of this section, were in existence long before the Greeks, as a nation, were known, 
albeit they did derive the word Druid from 5pus (an oak), and said that they themselves 
lyere avTox^ou€S (sprung from the earth). 

21. M. Bailly says, on the origin of the sciences in Asia, that a nation possessed ol 
profound wisdom, of elevated genius, and of an antiquity far superior to the Egyptians or 
Indians, immediately after the flood inhabited the country to the north of India, between 
the latitudes of 40^ and 50' , or about 50'^ north. He contends that some of the most 
celebrated observatories and inventions relating to astronomy, from their peculiar character, 
could have taken place onlv in those latitudes* and that arts and improvements gradually 
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trMvelUd thence to the equator, Tlw peopfe to wham hit detcrlj^n is moat nppUcabtv in 
the northern progeny of lirahmins, settled near the ImauB and in Northern Thibet We 
add, that Mr, Hastings informed Maurice of an immemorial tradition that prefailed at 
Denares, winch was itself, in modern times, the grand seat of Indian learninK* — that all ^ 
the learning of India came from a country situate in 40*^ of N. latitude. Maurice remarks, 
'^This is the latitude of Samarcand, the metropolis of Tartary ; and, by this circumstance, 
tlie position of M. Bailly should seem to be confirmed. This is the country where, according 
to the testimony of Josephus and other historians cited by the learned Abb^ Pezron, are to 
be found the first Celtas, by whom all the temples and caves of India were made. Higgins 
observes on this, that the worship of the Mithraitic bull existed in India, Persia, Greece, 
Italy, and Britain, and that the religion of the Druids, Magi, and Brahmins was the samo 

22. (S. ) Sacrificial Stones. — These have been confounded with the cromlech, but the 
difference between them is wide, lliey are simple stones, either encircled by a shallow 
trench (vallum) and bank (agger), or by a few stones. Upon these almost all authors 
concur in believing that human immolation was practised ; indeed, the name blod, or 
olood-stones, which they bear in the north of Eurojic, seems to point to their infernal use. 
We do not think it necessary to pursue further inquiry into them, as they present no 
remarkable nor interesting features. 

23. (4.) Cromlechs and Cairns, — The former of these seem to stand in the same relation 
to the large circles that the modern cell does to the conventual church of the Catholics. 
They consist of two or more sides, or vertical stones, and sometimes a back stone, tlie whole 
being covered with one not usually placed exactly horizontal, but rather in an inclining 

position. We here {fig. 7.) give 
a representation of one, ths)t 
has received the name of Kit’s 
Cotty House, which lies on the 
road Between Maidstone and 
Rochester, about a mile north- 
eastward from Aylesford church, 
and is thus described in the 
Beauties of England and Wales, 
It ** is composed of four huge 
stones unwrought, three of them 
standing on end but inclined in- 
wards, and supporting the fourth, 
which lies transversely over 
them, so as to leave an open recess beneath. The dimensions and computed weights of these 
stones are as follows : — height of that on the south side 8 ft., breadth 7^ ft., thickness 2 ft., 
weight 8 tons ; height of that on the north side 7 ft., breadth 7^ ft., thickness -2 ft., 
weight 8^ tons. The middle stone is very irregular ; its medium len^h as well as breadth 
may be about 5 ft., its thickness about 1 ft. 2 in., and its weight about 2 tons. ITie upper 
stone or impost is also extremely irregular; its greatest length is nearly 12 ft., and its 
breadth about ft.; its thickness is 2 ft., and its weight about 10^ tons : the width of the 
recess at bottom is 9 ft., and at top 7i ft. ; from the ground to the upper side of the covering 
stone is 9 ft. ITiese stones are of the kind called Kentish rag. Many years ago there was 
a single stone of a similar kind and size to those forming the cromlech, about 70 yards to 
the north-west: this, which is thought to have once stood upright, like a pillar, has been 
broken into pieces and carried away.” Another cromlech stood in the neighbourhood, 
which has been thrown down. Ibe nonsense that has been gravely written upon this 
and similar monuments is scarcely worth mention. It will hardly be believed that there 
existed people who thought it was the sepulchral monument of king Catigern, from similarity 
of atme, and others who consider it the grave of the Saxon chief, Horsa, from its proximity 
to Horsted. Cromlechs are found in situations remote indeed, a specimen being seated on 
the Malabar coast ; and in the British isles they are so numerous, that we do not think 
it necessary to give a list of them. 

24. The cairn or cam which we have in this section coupled with the cromlech, perhaps 

improperly, is a conical heap of loose stones. Whether its etymology be that of Rowland, 
from the words (kern-ned), a coped heap, we shall, from too little skill in Hebrew, 

not venture to decide ; so we do not feel quite sure that, as has been asserted, tliey were raised 
over the bodies of deceased heroes and chieftains. Our notion rather inclines to their 
having been a species of altar, though the heap of stones to which Jacob gave the name of 
Galeed, if it were of this species, was rather a memorial of the agreement between him 
and Laban. It can scarcely be called an architectural work ; but we should have considered 
our notice of the earlier monuments of antiquity incomplete without naming the cairn. 

25. (5.) Logan or Rocking Stones, — Tliese were large blocks ppised so nicely on the 
points of rocks, that a small force applied to them produced oscillation. The weight of the. 
celebrated one in Cornwall, wliioh is granite, has been computed at upwards of 90 tons. 
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77ie use of these stones hes been conjectured to be that of testing the innoeeiwe of penont 
accused of crime, the rocking of the stone l^jng certain, unless wedged up by the Judge uf 
the tribunal, in cases where he knew the guilt of the criminal : but we think that such a 
purpose is highly improbable, 

96, (6,) To/men or Colossal Slones. — 77ie Tolnten, or bole of stone, is a stone of 

considerable magnitude, so disposed upon 
rocks ns to leave an opening between 
them, through which an object could be 
passed. It is the general opinion in Corn- 
wall that invalids were cured of their 
diseases by being passed through tho 
opening al)ovc mentioned. ** The most 
stupendous monument of this kind,” (sec 
Jip. 8. ) says Borlase, “ is in the tenement 
of Men, in the parisli of Constantine, in 
Cornwall; it is one great oval pebble, 
placed on the points of two natural rocks, 
so that a man may creep under the great 
a. T«ii.M*K IN coRKWAtu 006 , betwccn the sup])orters, through a 

passage of about three feet wide, by as much high. The longest diameter of this stone is 
88 ft., being in a direction due north and south. Its height, measured perpendicularly over 
the opening is, 14 ft. 6 in., and the breadth, in the widest part, 18 ft. 6 in,, extending from 
east to w^t. I measured one half of the circumference, and found it, according to my 
computation, 48^ ft., so that this stone is 97 ft. in circumference, lengthwise, and al>out 
60 ft. in girt, measured at the middle ; and, by the best information, it contains about 
750 tons.” We close this section by the expression of our belief that the extraordinary 
monuments whereof we have been speaking are of an age as remote as, if not more so 
than, the pyramids of Egypt, and that they were the works of a colony of the great 
nation that was at the earliest period settled in central Asia, either through the swarm 
that passe<l north-west over Germany, or south-west through Phoenicia ; for, on either 
route, but rather, perhaps, the latter, traces of gigantic works remain, to attest the wonderful 
powers of the people ol whom they are the reinain.s. 



Sect. II. 

rEI.ASGJC oil CVCT.OPEAN AllCHITECT U KE. 

27. PcIasRic or Cyclopean architecture, (for that as well as the architecture of Phieiiicia 
seems to have been the work of branches of an original similarly thinking nation) pre-’ 
sents for the notice of the reader, little more than massive walls composed of huge pieces ol 
ruck, scarerfy more than piled together without the connecting medium of cement of any 
speei^ Uie method of its construction, considered as masonry, to the eye of the architect 
IS quite sufficient to connect it with what we have in the preceding section called Druidical 
or Ce tic architecture. It is neU to impossible to believe that all these species were not 
executed by the same people. The nature and principles of Egyptian art were the same 
but the spec^ens of it which remain bear marks of being of later date, the pyramids only 
excepted. The Greek fab es about the Cyelopeans have been sufficiently exp^^d by Jacob 

nothing about their own early Ltory. 
Herodotus (lib. v. cap 57. «< ) alludes to them under the name of Cadroians, saving they 

were particularly famous for their architecture, which he says they introduced bto ofeece^ 
and whereyer they c^c, erected noble structures remarkable for their height and beauty’ 
These were d^icated to the Sun under the names of Elorus and Peloru ® Hence ^fy 
thing grut and stupendous was called Pelorian ; and, transferring the ideas of the workTto 
the foundew, they made them a race of giants. Homer soys of Polyphemus,— 

Km yetf fnrvmr* tvh tanxu 

Apdfi yt fffSxyv, vAijiptj. 

Virgil, too, describeshim “ Ipse arduus, alta pulsat sidera." Famous as liglitliousc builders, 
wherein a round cwment in the upper story afforded light to the mwiner, the GreeS 
turned t^s into a single eye in the forehead of the race, and thus made them a set of mon! 
Stere. Of the race were Irophomus and his brother Agamedei, who according r. i>... 
•aniu (1*. «•) contriyed the temple at Delphi and the TfeKury^onstructed to Uri^^ & 
great was the fame for budding of the Cyelopeans that, when the Sybil in Virgil ^om 

hlXcfX:!™- ■“ 
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3ft, 7Jie ^ttfh bftfie city of Mycene are of the dam deoominnicti Cychpmuu thm 
aouncod for ruin by dereuJm in Seneca ; — 

** Quid moror f meJuM mlbi 

Bellum Mycenli rt^t/U, ut Cyclopen 

hversM manlbut mcenin noitrti cooddant.^ Hereuies Pmrrtu, act, 4, r. 090* 

39. The gate of the city and the chief to»rer were particularly ascribed to them(PauaaniMa, 
bb. it. ) Argos had also the reputation uf being Cyclopean. But, to return to^ Mycene, 
Euripides, we should observe, speaks of its walls as being built after the Phoenician rule 
and method : — 


■ fl; ret KuxXttran 
r TV«Mr rfu4r/ut,et 


Hercules Furens, r 944 


50. Fig. 9 i* a representation of a portion of the postern gate of the walls of Myocne, 

§ for the purpose of exhibiting to the reader the cha* 

racter of the masonry employed in it. 

31. The walls of Tiryns, probably more ancient 
than those we have just named, are celebrated by 
Homer in the words Tipu»»9o rttxiosaaav, and are said 
by Apollodorus and Strabo to have been built by 
workrocn whom Praetus brought from Lycia. . Tlie 
words of Strabo are, Tipuv9t &pfirrry)pup 
UpoLTos, Kai T«ix^<rai Hut KeicAwirwir ovs irra ptv (ivcu, 
Kokuadcu Se raerrepoxstpat, rpstpopayovs (K rrfs rex^V^, 
Pratus appears to have used Ttryns as a harbour, and 
to have walled it by the assistance of the Cyclops, who 
were seven in number, and called Gastrocheirs (belly- 
handed), living by their lalxyur. “ 'fhese seven Cy- 
clops,” says Jacob Bryant, “ were, I make no doubt, 
seven Cyclopean toweraf built by the people.” Further 
on, he adds, “ These towers were erected likewise 
for Purait, or Puratheia, where the rites of fire were 
performed . but Purait, or Pucaitiis the Greeks 
Ktg.s FAST oy HIE wAi-u or changed to Praetus ; and gave out that the towers 

^^erL^ built for Pra'tus, whom they made a king of that country ” The same author says 
that the Cyclopcalis worshipped tlie sun under the symbol of a serpent; thus again 
i ^ ^ connecting tliem u ith the builders of Abiiry, 

r 10 is 8 view of portions of the walls of 

^ Tiryns, taken from the Rev, T S. Hughes’i 

lir ^ ^ Trarels in AV ania. Later works are named 

the specimens of Cyclopean building into 

7 « and Mycene, where the blocks composing 

the masonry are of various si/es, having or 

^ masonry witlioiit courses, formed of irre- 

. 0 gular polygonal stones, whose sides fit to 

r 'alHK* , , 1 each other. Third, that in which the stones 

^ I^IK ' 1 courses of the same height, but 

i unequal in length of stones ; of this species 

HP are specimens in Bceotia, Argolis, and the 

l^"'Phocian cities. Fourth and last, that in 
which tlie stones are of various heights, and 
^ always rectangular, whereof examples are 

. j J > found in Attica. It may lie here mentioned 

that, in the Etrurian part of Italy we find 
examples of Cyclopean works of the class, 
f Vhioh Mr. Hamilton places in the second 

Kis. 10 , vAHi or TiiEWAiiEovTTKVKE. 0 ^ 1 ; 88 st NoHis Ilf Latlum, Owa, Sijgnia, 
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snd Alutriutn; in the three last whereof the walls resemble those of Tiryns, Argos, and 
Mveene ; also at Piesole, Arezro, and other places. 

' 83, We shall now return to some frirther particulars in relation to ThrynS And Mycene, 
from which a more distinct notion of these fortresses will be obtained j but farther invest!* 
^ion of those in Italy will hereafter be necessary, underthe section on Etniscin architecture. 
The Aompoilf of Tiryns, a Utt^A to the scrathoeast <if Atgoi,ds on a tnotint rising ab6ut fiftV 




rounded the fortress, and tliat formerly the city was nearer the sea than at present. Hryunt, 
with his usual ingenuity, has found in its general form a type of the long ship of Danaus, 
which, we confess, our imagination is not lively enough to detect. On the east of the 
fortress are quarries, which furnish stone similar to that whereof it is built. It had entrances 
from the east and the west, and one at the south-eastern angle. That on the east, lettered A, 
is pretty fairly preserved, and is approached by an inclined access, II, 15 ft. wide, along 
the eastern and southern sides of the tower, C, which is 20 ft. square and 40 ft. high, 
passing, at the end of the last named side, under a gateway, composed of very large blocks 
of stone, that wliicli forms the architrave being 10 ft. long, and over which, from the frag- 
ments lying on the spot, it is conjectured that a triangular stone was placed ; but thereon 
is no appearance of sculpture. D is the present entrance. The general thickness of the 
walls is 25 ft , and they are formed by three parallel ranks of stones 5 ft. thick, thus leaving 
ranges of galleries each 5 ft. wide and 12 ft. high. The sides of the 
H S galleries are formed by two courses of stone, and the roof by two other 

m M K horizontal courses, sailing over so as to meet at their summit, and some- 

Bi ^ Si what resembling a pointed arch. (See fig, 10.) That part of the gallery, 
uncovered, is about 90 ft. long, and has six openings or 
^1 ^ recesses towards the east, one whereof seems to have afforded a communi- 

^ ^ B some exterior building, of whose foundation traces are still 

a existence. The interval between these openings varies from 10 ft. 6 in. 

to 9 ft. 8 in. ; the openings themselves being from 5 ft. 6 in. to 4 ft. 10 in. 

i-iH. IX. oAtuuiv. wide. It is probable that these galleries extended all round the citadel, 
though now only accessible where the walls are least perfect, at the southern part of 
the inclosure. There are no remains of the south-eastern portal. It appears to have been 
connected with the eastern gate by an avenue enclosed between the outer and inner curtain, 
of which avenue the use is not known Similar avenues have been found at Argos and 
other ancient cities in Greece. The northern point of the hill is least elevated, and smaller 


stones have been employed in its wall. The exterior walls are built of rough stones, some 
of which are 9 ft. 4 in. in length and 4 ft. thick, their common size being somewhat less 
When entire, the wall must have been 60 ft. high, and on the eastern side has been entirely 
destroyed. The whole length of the citadel is about 660 ft., and the breadth about 180 ft., 
the walls being straight without regard to inequality of level in the rock. 


34. The Acropolis of Mycene was probably constructed in an age nearly the same aa 
that of Tiryns. Pausanias mentions a gate on which two lions were sculptured, to which 
the name of the Gate of the Lions has been given (yig. 13.) These are still in their 
original position. It is situate at the end of a recess about 50 ft. long, commanded by pro- 
jections of the walls, which are here formed of huge blocks of square stones, many placed 
on each other without breaking joint, which circumstance gives it a very inartificial appear- 
ance. The epistylium of the gate is a single stone 15 ft. long and 4 ft. 4 in. high. To 
the south of the ^ate above mentioned the wall is much ruined. In one part something 
like a tower is discernible, whose walls, being perpendicular while the curtain inclines a 
little inward from its base, a projection remained at the top by which an archer could defend 
the wall below. The blocks of the superstructure are of great size, those of the sub- 
structure much smaller. Tlie gates excepted, the whole citadel is built of rough masses of 
rock, nicely adjusted and fitted to each other, though the smaller stones with which the 
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Intenticcs were filled have mostly disappeared. Tlie southern ramparts of the citadel and 
sll the otlier walls follow the natural irregularity of the precipice on which they stand. At 
— its eastern point it is attached by 


a narrow isthmus to the mountain. 
It is a long irregular triangle, 
standing nearly east and west 
'fhe walls are mostly of well- 
jointed polygonal stones, although 
the rough construction occasionally 
appears, llie general thickness of 
the walls is 21 ft., in sonic places 
25 j their present height, in the 
most perfect part, is 43 ft. 'lliere 
are, in some places, very slight 
projections from the walls, resem- 
bling lowers, whereof the most 
perfect one is at the south-east 
angle, it" breadth being 33 ft and 
its height 43 ft. T!ie size of the 
block whereon the lions are sculp- 
tured is lift, broad at the base, 
9 ft. high, and about 2 ft thick, 
of a triangular form suited to the 
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recess made for its reception, lliis block, in its ap])earance, resembles the green basalt of 

Egypt. 

35. In this place we think it proper to notice a building at Mycene, which has been 
called by some the Treasury of Atreus, or the tomb of his son Agamemnon mentioned by 
^ Pausauias. This building at first misled some authors into 
a belief that the use of the arch was known in Greece at a 
'^®^y early period ; but examination of it shows that it was 
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formed by horizontal courses, projecting beyond each otheKjias 
they rose, and not by radiating joints or beds, and that the Sur- 
face was afterwards formed so as to give the whole the ap- 
pearance of a pointed dome, by cutting away the lower angles 
H.). It is probably the most ancient of buildings in 
Greece ; and it is a curious circumstance that at New Grange, near Drogheda, in Ire- 
land, there is a monument whose form, construction, and plan of access resemble it so 
strongly that it is impossible to consider their similarity the result of accident. A repre- 
~ sentation of this may be seen in the work by Mr, Hig- 

gins which we have so often quoted, and will, we think, 
satisfy the reader of the great probability of the hypothesis 
hereinbefore assumed having all the appearance of truth. 

I By the subjoined plan {jig, 15.) it will be seen that a 
space 20 ft. wide, between the two walls, conducts us to 
the entrance, which is 9 ft. 6 in. at the base, 7 ft, 10 in. at 
the top, and about 19ft. high. The entrance passage is 
J 8 ft, long and leads to the main chaml>er, which, in its 
general form, has some resemblance to a b^-hive, whose 
diameter is about 48 ft. and height about 49. {jig, 16 ) 
'ilie blocks are placed in courses as above shown, 34 courses 
bein^ at present visible. They are laid with the greatest 
precision, without cement, and are unequal in size. Tlieir 
Fig. 1.1. ruiN tbeaiukT^Xtekue; average height may be taken at 2 ft., though to a spectator 
on the floor, from the effect of the perspective, they appear to diminish very much towards 
the vertex. This monument has a second chamber, to which you enter on the right from the 
larger one just described. This is about 27 ft by 20, and 19 ft, high ; but its walls, from the 
obstruction of the earth, are not visible. The doorway to it is 9^ ft. high, 4 ft. 7 in. wide 
at the base, and 4 ft. 3 in. at the top. Similar to the larger or principal doorway, it has a 
triangular opening oyer its lintel. The stones which fitted into these triangular openings 
were of enormous dimensions, for the height of that over the principal entrance is 1 2 ft., 
and its breadth 7 ft. 8 in. The vault has been either lined with metal or ornamented with 
some sort of decorations, inasmuch as a number of bronze nails are found fixed in the stones 
up to the summit. The lintel of the door consists of two pieces of stone, the largest whereof 
w 27 ft. long, 17 ft. wide, and 3 ft. 9 in. thick, calculated, therefore, at 133 tons weight ; a 
maM which can he compared with none ever used in building, except those at Balbec and 
Ml Egypt. Tlie other lintel is of the same height, and probably (its ends are hidden) of 
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Tl»e stone employed is of the hard and beautiful breccia, of which the neighbouring 


rucks, and the contiguous Mount Kubora, consist. It is the hardest and compactest breccia 

which Greece i)roduees, resembling the 
anti(]ue marble called Breccia Tracag- 
nina antica, sometimes found among the 
ruins of Home. Near the gate lie some 
masses of rosso antico decorated with 
guilloche-like and zigzag ornaments, 
and a columnar base of a Persian cha- 
racter, Some have su))posed that these 
belonged to the decorations of the door- 
way ; but we are of a different opinion, 
inasmuch us they destroy its grand cha- 
racter. We think if this were the tomb 
of Agamemnon, they were much more 
likely to have been a part of the shrine 
in wliich the body or ashes were de- 
posited. 

37. It is conjectured that the trea 
sury of Minyas, king of Orchomenos, 
whereof Pausimias sjieaks, bore a .re- 
semblance to the building we have just 
X described ; and it is very probable that 
all the subterranean chaml^ers of Greece, 
Italy, and Sicily were very similarly 
constructed. Fig, 1 7. represents tlie 
entrance to the building from the outr 
side. The architecture of the eerly 
races of which we have been speaking 
will be further noticed in investigating 
v»g. IT. irkarorv ok njnva*. other monuments. See the publics* 

lions by Fcrgusson, Bude Stone Monumente in all Cmntrie$i 8vo., 1872 j; and Schliemannt 
Heemrchnii A*c„ at Myceumand Ti^ynSt 8vo,, 1878. 
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BABTLOXIAN AKCHITELTURE. 

38 The name prefixed to tins section must not induce the reader to suppose we sliali 
be able to afibrd him much instruction on this interesting subject, 'file materials are 
scanty; the monuments, though once stupendous, still more so. “If ever,** says Keith, in 
his Evidence of the Truth of the Chrintian Religion^ “ there was a city that seemed to bid 
defiance to any predictions of its fail, that city was Babylon. It was for a longtime the 
most famous city in the Old World. Its walls, which were reckoned among the wonders of 
the world, appeared rather like the bulwarks of nature than the workmansiiip of man.** 
The city of Babylon is thus described by ancient writers. It was situated in a plain of 
vast extent, and divided into two parts by the river ‘Euphrates, which was of considerable 
width at the sjiot. The two divisions of the city were connected by a massive bridge of 
masonry strongly connected with iron and lead ; and the embankments to prevent inroads 
of tlie river were formed of the same durable materials as the walls of the city. Herodotus 
says that the city itself was a perfect sejuare enclosed by a wall 480 ftirlongs in circum< 
ference, which would make it eight times the size of London. It is said to have had num- 
bers of houses three or four stories in height, and to have been regularly divided into 
streets running parallel with each other, and cross ones opening to the river. It was sur- 
rounded by a wide and deep trench, from the earth whereof, when excavated, square bricks 
were formed and baked in a furnace. With these, cemented together through the medium 
of heated bitumen intermixed with reeds to bind together the viscid mass, the sides of the 
trenches were lined, and with the same materials the vast walls above mentioned were con- 
structed. At certain intervals watch-towers were placed, and the city was entered by 
100 gates of brass. In the centre of each of the principal divisions of the city a stupen- 
dous public monument was erected. In one (Major Hennel thinks that on the eastern side) 
stood the temnle of Belus ; in the other, within a large strongly fortified enclosure, the royal 
palace. The former was a square pile, each side being two furlongs in extent The 
tower erected on its centre was a furlong in breadth and the same in height, thus making 
it higher than the largest of the pyramids, supposing the furlong to contain only 500 feet. 
<Jn this tower as a base were raised, in regular succession, seven other lofty towers, and the 
whole, according to Diodorus, crowned with a bronze statue of the god Belus 40 feet high. 

See fig, 18., in which the dotted lines show the 
present remains, according to Sir It K. Porter’s 
account in his Travels. The palace, serving also 
as a temple, stood on an area 1^ mile stjuare, 
and was surrounded by circular walls, which, 
according to Diodorus, were decorated with 
sculptured animals resembling life, painted in 
their natural colours, on tlie bricks of which they 
were depicted, and afterwards burnt in. Such 
was the city of Babylon in its meridian splendour, 
that city whose founder (if it were not Nimrod, 
rnr,.io. ...rw. —..w- sometimes called Belus,) is unknown. Great as 

It was, it was enlarged by Semirainis, and still further enlarged and fortified by Nebuchad- 
nez/.ar. AVe shall now present, from the account of Mr. Rich, a gentleman who visited the 
spot early in this century, a sketch of what the city is now. The first grand mass of 
ruins marked A (fg. 19.), which the above gentleman describes, he says extends 1100 
yards in length and 800 in its greatest breadth, in figure nearly resembling a quadrant ; 
its height is irregular, but the most elevated part may be about 50 or 60 ft. above the level of 
the plain, and it has been dug into for the purpose of procuring bricks. This mound Mr. R. 
distinguishes by the name of Amran. On the north is a valley 550 yards long, and then th^ 
second grand heap of ruins, whose shape is nearly a square of 700 yards long and broad ; 
its south-west angle being connected with the north-west angle of the mounds of Amrap 
by a high ridge nearly 100 yards in breadth. This is the place where Beauchamp made 
his observations, and is highly interesting from every vestige of it being composed of build- 
ings far superior to those whereof there are traces in the eastern quarter, llie bricks are 
of the finest description, and, notwitlistanding this spot being the principal magazine of them 
and constantly used for a supply, are still in abundance. The operation of extracting the 
bricks has caused much confusion, and increased the, difiSculty of deciphering the use of 
this mound. In some places the solid mass Ims been bored into, and the auperincunw 
bent strata falling in, iretpiently bury workmen in the rpbbish. In all these excavation^ 

I walls of burnt brick laid in lime mortar tof a good quality ane to be seen ; and among the 
ruins are to be found fragtnenU of alabaster vessels, fine earthenware, marble, and great 
i)uaiitifi«s ofvainbhed tiles, whose glazing and colouring are surprisingly fityib* ** (p a 
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Ikillow,** obtorvef Mr. Rich, “ near the soutliern part, I found a sepulchral urn of ^rthen- 

ware, which had lM»en broken in digging, and 
near it lay some human bones, which pul- 
verised with the touch.” Not more than 200 
yards from the northern extremity of this 
mound, is a ravine near 100 yards long, hol- 
lowed out by those who dig for bricks, on one 
of whose sides a few yards of wall remain, the 
face whereof is clear and perfect, and appears 
to have been the front of some building. 'Die 
opposite side is so confused a mass of rubbish, 
that it looks as if the ravine had been worked 
through a solid building. Under tlie founda- 
tions at the southern end was discovered a sub- 
terranean passage floored and walled with large 
bricks in bitumen, and covered over with pieces 
of sandstone a yard thick and several yards 
long, on which the pressure is so great as to 
have pushed out the side walls. What was 
seen was near seven feet in height, its Qoursc 
l)eing to the south. The upper part of the 
passage is cemented with bitumen, other parts of 
the ravine with mortar, and the bricks have all 
writing on them. At the northern end of the 
ravine an excavation was made, and a statue 
of a lion of colossal dimensions, standing on a 
pedestal of coarse granite and rude workman- 
ship, was discovered. 'ITiw was about the spot 
marked £ on the plan. A little to the west 
of the ravine at B is a remarkable ruin called 
the Kasr or l^lace, which, being uncovered, 
and partly detached from the rubbish, is visible 
Fig. 19. TLAN or iiAHvbm. from a considerable distance. It is “ so sur- 

prisingly flesh,” says the author, “ that it was only after a minute inspection I was satisfied 
of its being in reality a Babylonian remain.” It consists of several walls and piers, in some 
places ornamented with niches, and in others strengthened by pilasters of burnt brick in 
lime cement of great tenacity. The tops of the walls have been broken down, and they 
may have been much higher. Contiguous to this ruin is a heap of rubbish, whose sides 
are curiously streaked by the alternation of its materials, probably unburnt bricks, of which 
a small quantity were found in the neighbourhood, witliout however any reeds in their in- * 
terstices A little to the N. N. E. of it is the famous tree which the natives call Athell. 
They say it existed in ancient Babylon, and was preserved by God that it might afford a 
convenient place to Ali for tying up his horse after the battle Hellah 1” “ It is an ever- 
green,” says Mr. R., “ something resembling the lignum vita?, and of a kind, I believe, not 
common in this part of the country, though I am told there is a tree of the description at 
Bassora.” The valley which separates the mounds just described from the river is white 
with nitre, and does not now appear to have had any buildings upon it except a«tmall cir- 
cular heap at D. The whole embankment is abrupt, and shivered by the action of the 
water. At the narrowest part E, cemented into the burnt brick wall, there were a number 
of urns filled with human bones which had not undergone the action of fire. From a con- 
siderable quantity of burnt bricks and cither fragments of building in the water the river 
appears to have encroached here. 

.‘59. A mile to the north of the Kasr, and 950 yards from the bank of the river, is the last 
ruin of this series, which Pietro della \alle, in 1616, described as the tower of Bcliis, in 
which he is followed by Rennell. Tlie natives call it, according to the vulgar Arab pro- 
nunciation of those parts, Mujelib^, which means overturned. They sometimes also apply 
the same term to the mounds of the Kasr. This is marked F on the plan. “ It is of an 
oblong shape, irregular in its height and the measurement of its sides, which face the car- 
dinal points as follows; the northern side 200 yards in length, the southern 219, the eastern 
182, and the western 136. The elevation of the south-east or highest angle, 141 feet 
'I'he western face, which is the least elevated, is the most interesting on account of the ap- 
liearanoe of building it presents. Near the summit of it appears a low wall, with inter- 
ruptions, built of unbumt bricks mixed up with chopped straw or reeds and cemented with 
clay mortar of great thickness.’* The south- west angle seems to have had a turret, the others 
are less perfect. The ruin is much worn into furrows, from the action of the weather, 
penetrating considerably into the mound in some places. The summit is covered witl< 
uesps of fubbisb, among which fregmentt of burnt brick are found, and here and then 
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)rbi»l« briclcfl with iniicriptloni on thorn. Interaperaed aro innumerahlo fVagmenta of pottery, 
trick, bitumen, pebbles, vitrified brick or scoria, and even shells, bits of glass, and mother 

of pearl. The north- 
ern face of the Muje- 
\\b6{fig, 20. ) contains 
a niche of the height 
of a man, at the back 
whereof a low aper- 
ture leads to a small 
cavity, whence a pas- 
sage branches off to 
the right till it b lost 
in the rubbish. It is 

f Pig. w, n««Tiiwi« »Ao« or TM« M 0 JBi.ini. called by the natives 

the serdaub or cellar, and Mr. Rich was informed that four years previous to his survey, a 
quantity of marble was taken out from it, and a coffin of mulberry wood, in which was con- 
tained a human body enclosed in a tight wrapper, and apparently partially covered with 
bitumen, which crumbled into dust on exposure to the air. About this spot Mr. R. also ex- 
cavated and found a coffin containing a skeleton in high preservation, whose antiquity was 
placed beyond dispute by the attachment of a brass bird to the outside of the coffin, and in- 
side an ornament of the same material, which had seemingly l)ecn suspended to some part of 
the skeleton. On the western side of the river there is not the slightest vestige of ruins ex- 
cepting opposite the mass of Amran, where there are two small mounds of earth in existence. 

40. The most stupendous and surprising mass of the ruins of ancient Babylon is situate 
in the desert, about six miles to the south-west of Hellah. It is too distant to be shown 
on the block plan above given. By the Arabs it is called Birs Nemroud ; by the Jews, 

Nebuchadnezzar's Prison. Mr. Rich was 
tiie first traveller who gave any account 
of this ruin, of which Jig, 21. is a repre- 
sentation; and the description following 
we shall present in Mr. Rich's own words. 
** The Birs Nemroud is a mound of an ob- 
long figure, the total circumference ot 
which is 762 yards. At the eastern side 
it is cloven by a deep furrow, and is not 
more than fifty or sixty feet high ; but at 
the western it rises in a conied figure to 
the elevation of 198 ft., and on its summit 
is a solid pile of brick 37 ft. high by 28 in 
breadth, diminishing in thickness to the 
top, which is broken and irregular, and 
rent by a large fissure extending through a 
third of its height. It is perforated by small 
square boles disposed in rhomboids. Tlie 
fine burnt bricks of which it is built have 
inscriptions on them ; and so admirable is 
the cement, which appears to be lime mortar, 
that, though the layers are so close together that it is difficult to discern what substance is be- 
tween them, it is nearly impossible to extract one of the bricks whole. The other parts of the 
iummit of the hill are occupied by immense fragments of brickwork, of no determinate figure, 
tumbled together and converted into solid vitrified masses, as if they had undergone the action 
of the fiercest fire or been blown up with gunpowder, the layers of the bricks being perfectly 
discernible, — a curious fact, and one for which I am utterly incapable of accounting. Tliese, 
incredible as it may seem, are octitally the ruins spoken of by Pere Emantiel (See D'An- 
vilfe^ Bur VEuphrate tt le Tigre\ who takes no sort of notice of the prodigious mound on 
which they are elevated.” The mound is a majestic ruin, and of a people whose powers 
were not lost, if the hypothesis brought before the reader in the previous section on Celtic 
and Druidical architecture be founded on the basis of truth, but shown afterwards, on 
their separation from the parent stock, in Abury, Stonehenge, Camac, and many other 
places. ^ Ruins to a considerable extent exist round the Birs Nemroud ; but fbt our pur- 
pose it is not necessary to particularise them. The chance (for rpore the happiest conjec- 
ture would not warrant) of conclusively enabling the reader to come to a certain and definite 
notion of the venerable city, whereof it is our object to give him a faint idea, is far too 
indenmte to detain him and exhaust his patience. One circumstance, however, we must 
not omit ; and again we shall use the words of the traveller to whom we are under so 
niany obligations. They are, — “ To these ruins I must add one, which, though not in the 
«me directton, bears such strong characteristics of a Babylonian origin, that it .would bo 
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Improper to omh li tSeiwription of it in this place. I tne<tii Akerkouf, Or, as it is more 
geiieraliy called, Nimrod’s Tower ; for the inhabitants of these parts are as fond of attri^^ 
billing every vestige of antiijuity to Nimrod as those of Kgypt are to Pharaoh. It is 
situate ten miles to the north-west of Bagdad, and is a thick mass of unburnt brickwork, 
of an irregular slmpe, rising out of a base of rubbish ; there is a layer of reeds bctweea 
every fifth or sixth (for the number is not regulated) layer of bricks. It is perforated with 
small square holes, as the brickwork at the Sirs Nemroud ; and about half way up on the 
east side is an aperture like a window ; the layers of cement are very thin, which, consider- 
ing it is mere mud, is an extraordinary circum^nce. The height of the whole is 126 ft.^ 
diameter of the largest part, 100 ft. ; circumference of the foot of the brickwork al>ove th« 
rubbish, 300 ft. ; the remains of the tower contain 100,000 cubic feet. (Vide Travels, 
p. 298.) To the east of it is a dependent mound, resembling those at the Birs and Al 
Hheimar.” 

41. The inquiry (following Mr. Rich) now to be pursued is that of identifying some of 
the remains which have l)een described with the description which has been left of them.* 
And, first, of the circuit of tlie city. Tlie greatest circumference of the city, according to- 
tlie autliors of antiquity, was 480 stadia (supposed about 500 ft. eacli ), the least 360. Strabo, 
who was on the spot when the walls were sufficiently perfect to judge of their extent, state* 
their circuit at 385 stadia. It seems probable that within the walls there was a quantity of 
arable and pasture ground, to enable the population to resist a siege ; and that, unlike modern 
cities, the buildings xvere distributed in groups over the area inclosed ; for Xenophon reports 
that when Cyrus took Babylon (which event happened at night) the inhabitants of the oppo-t 
site quarter of the town were not aware of it till tlie third part of the day ; that is, three hour*; 
after sunrise. The accounts of the height of the walls all agree in the dimension of 50 cubits, 
which was their reduced height from 350 ft. by Darius Hystaspes, in order to render tire, 
town less defensible. 'J’he embankment of the river with walls, according to Diodorus^ 
■100 stadia in length, indicates very advanced engineering skill; but the most wonderful 
itructure of the city was the tower, pyramid, or sepulchre of Belus, whose base, according 
to Strabo, was a stadium on each side. It ntood in an enclosure of two miles and a half, 
and contained the temple in which divine honours were paid to tlie tutelary deity of Baby- 
lon. 'Die main interest attaclied to the tower of Belus arises from a belief of its identity 
witli the tower wliicli we learn from Scripture ( Gen, xi. ) the descendants of Noah, witlr 
Belus at their head, constructed in the plain.s of Shinar. The two masses of ruins in which 
tliis tower must lie sought, seem to be the Birs Nemroud, whose four sides are 2286 En- 
glish feet in length ; and tlie Mujelibe, whose circumference is 2111 ft. Now, taking the 
stadium at 500 ft., the tower of Belus, according to the accounts, would l)e 2000 ft. in cir- 
cumference ; so that both the ruins agree, as nearly as possible, in the requisite dimen.sions, 
considering our uncertainty respecting the exact length of tlie stadium. Mr. Rich evidently 
inclines to the opinion that tlie Birs Nemroud is the ruin of this celebrated temple, though 
he allows “ a very strong objection may he brought against the Birs Nemroud in the dis- 
tance of its position from tlie extensive remains on tlie eastern bank of the Euphrates 
which for its accommodation would oblige us to extend the measurement of each side of 
the square to nine miles, or adopt a plan which would totally exclude the Mujelibe, all the 
ruins above it, and most of tliose below ; even in the former case, the Mujelil>4 and the 
Birs would he at opjiosite extremities of the town close to the wall.s, while we have every 
reas<m to believe tliat the tower of Belus occupied a central situation.” 

42. The citadel or palace was surrounded by a wall whose total length was 60 stadia, 
within which was another of 40 stadia, whose inner face was ornamented with painting,—*, 
a practice (says Mr. Rich) among the Persians to this day. Witliin the last-named wall 
w.jw a third, on which hunting subjects wore jiainted. The old palace was on the opposite 
side of the river, the outer wall whereof was no larger tlian the inner wall of the new one., 
Above the palace or citadel were, according to Strabo, the hanging gardens, for which, in 
some respects, a site near the Mujelihu would sufficiently answer, were it not that ti e 
skeletons found there “ embarrass almost any theory that inay he formed on tliis extra- 
ordinary pile.” 

43. As yet, no traces have been found of the tunnel under the Euphrates, nor of the 
ol>clisk which Diodorus says was erected by Semiramis ; it is not, however, impossible that 
the diligence and perseverance of future travellers may bring them to light. Rich believes 
that the number of buildings within the city bore no proportion to the extent of the walls, 
— a circumstance which has already been passingly noticed. He moreover thinks that the 
houses were, in general, small ; and fuirlher, that the assertion of Herodotus, that it 
abounded in houses of two or threte storie*, argues that the majority consisted of onlv one. 
He well observes, “ 'Die peculiar climate of this district must liave caused a similarity of 
habits and accommodation in all ages ; and if, upon this principle, we take the present 
foaliion of building as some example of the mode heretofore practised in Babylon, the 
houses that had more than one story must'liave consisted of the ground floor, or batte-cour^ 
occupied by stables, magazines, and serdaubs or cellars, sunk a little below the ground, for 
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he comfork of the inhabitants during' the heat; above thia a. gallery with the lodging 
ooms opening into it ; and over all tlie flat terrace for the people to sleep on during the 
lummer.** In these observations we fully concur with the author, believing that climate 
tnd habits influence the arts of all nations. 

44. At Nineveh the extraordinary discoveries of Botta and Laysrd have made us familiar 
jvith at least the decorations and airangement of Assyrian architecture. The city, founded.' 
IS supposed, by Ninus or Assur about 2,200 b.c., fell before the rising wealth of Babylon. 
Here, from the palace of Kouyunjik, Rawlinsun establishes the identity of the king 
tvho built it with the Sennacherib of* Scripture. Its^te would therefore be about? 13 a c. 
1 he sculptures at this place so much resemble those at Perseiiolis, and the arrow>headed 
Dharacters also are so similar to them, as well as those of Babylon, that we may fairly con- 
jecture similarity of habits and taste. Indeed, as the Persian empire grew out of the 
ruins of the Assyrian empire ; and Persepolis, as a capital, succeeded to the capitals of 
Assyria, we may, without much fe*ir of being wrong, judge by its architecture of that of its 
predecessors. Greater almost at its birth than ever afterwaids, in this pait of Asia the art 
seems all at once to have risen, ns respects absolute grandeur, to the highest state of wiiich 
it was there susceptible; and, degenirating successively under the hands of other people, 
Ve may reckon by the periods of its decay the epochs of its duration. 

45 No trace of the arch has been found in the ruins either at the Kasr or in the passages 
at the Mujelibe Massy pie* s, buttresses, and pilasters supplied the place of the column. 
The timber employed was that of the date tree, posts of which were used in their domestic 
architecture, round which, says Strabo, they twist reeds and apply a coat of paint to them. 
Thickness of wall was obtained by casing rubble work with hne brick, of which two sorts 
were made. The one was merely dried in the sun, the other burned irt a kiln. The latter 
was 1.3 in. square and .S in. thick, with varieties lor different situations in the walls. Tliey 
are of \arious colours The sun-drivd is considerably larger than the kiln-dried. There 
is reason for believing that linie cement was more generally used than bitumen or clay ; 
indeed, Niebuhr says that the bricks laid in bitumen were easily separated, but that where 
mortar had been employed, no force could detach them from each other without breaking 
them in j^ieces 
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46. Persepolis was the ancient capital of Persia proper. The ruins now remaining 
are situated (lat. about 30® N., long, about 53® E ) in the great plain of Meidasht 
or Istakhr, one of the most fertile in the world, being watered in all directions by rivulets 
and artificial drains, which ultimately unite in the Bundemir, the ancient Araxes. The 
Bite would, like Memphis, have scarcely left a vestige by which it could have been identi- 
fied, but for the celebrated ruins called Chel-Minar (Jfff. 22,), t.e. Forty Pillars, by the 
natives, which are believed to be the remains of that palace of the masters of Asia 



to which Alexander set fire in a moment oTmadnesawid debauch. The description which 
oiiow. li obtained from I)e Bruu„ wh»«xamia«d th, ruins in 1704, with some reference 
Niebuhr and Sir B. K. Porler. Monv l^xicr, one of the latest travellers, has 
plates to these antiquities, in hie large work. Armini'e. *c.. 1842 ; see also 
•Pmsepo/ts, ^c., 1855} and Fergussf}n, Palacu of Niunoh and Pernpotu 
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C2 


HISTORY OF ARCHITECTURE 


Book T.' 



U 26 f 


From north to »outh the extent is 600 paces (USS ft.), and SW (802 ft. ) from wert to 
east to the mountain on the south side, having no irtairs on that sid« ; average her^t anoui 
18 ft. 7 in. On the nortli side it is 410 paces (926 ft.) from east to west, and the wall is 
21 ft. high in some places. At the north-west corner of tlie wall, about 80 paces in extent 
westward, are some rocks before the principal staircase. On mounting the steps there is 
Ihimd a large platform 400 paces in extent towards the mountain. Along the wall on three 

sides a paTement eJ<- 
tends for a width of 
8 ft. The principal 
staircase A {fig> ) 
w not placetl in the 
middle of the west 
side, but nearer to 
the north. It base 
double flight, the dis- 
tance between the 
flights at the bot- 
tom being 42 ft., and 
the V idth of them is 
25 ft. 7 in. Tile steps 
are 4 in. high, and 
1 4 in. wide. Fifty- 
five of them remain 
on the north side, 
and hfty-thrce on 
the south ; and it is 
probable that some 
are buried by the 
ruins. 'five haM 
apaces at tlie top of 

FIk. «3. FFAh or FFR.KFOIM. flight RTC 

51ft. 4 in. wide. Tlie upper flights are separated from the lower by a wall which runs 
tlirough at tlie upper landing. 'I’lie upiier flights are in forty-eight steps, and are cut out 
of single blocks of the rock. Tlie upper landing is seventy-hve feet between the flights. 

48. Foity-two feet from the landing, at R, are two large portals and two columns 
(originally fbur). The bottom of tlie first is covered with two blocks of stone, which fill 
two thirds of the space ; the other third liaving been destroyed by time. The second por- 
tal is more coveied by the earth than the first, by five feet. They are 22 ft. 4 in. deep, 
and 1.3 ft. 4. in. wide. On the interior side-faces of tlieir piers, and nearly the whole 
length of tliem, are large figures of bulls, cut in bas-relief. The heads of these animals are 
entirely destroyed j and their breasts and fore feet project from the piers ; the two of the 
first portal fiice to the staircase, and those of the other face towards the mountain. On the 
upper part of the piers tlierc are some arrow-headed characters, too small to be made out 

from below. The remains of the first portal are 
39 ft. high, and of the second 28 ft. The base 
of the piers is 5 ft. 2 in. high, and projects in- 
wards ; and the bases upon which the figures 
stand are 1 ft. 2 in high. We may here ob- 
serve that the figures on the fuither portal have 
the Iwdy and legs of a bull, an enormous pair 
of wings {Jig. 24. ) projecting from the shoulders, 
ig ‘ and the heads looking to the east show the faces 

^ I of men. On the head is a cylindrical diadem, 

HI both sides of which horns are clearly repre- 

S 1 sented winding from the blows upwards to the 

front of the crown ; the whole being surmounted 
with a sort of coronet, formed of a range ol 
leaves like the lotus, and bound with a fillet 
carved like roses* The two columns (at Sir R, 
K. Porter’s visit only one remained) are the 
I most perfect amcnig tire ruins, and are 54 ft. 
high. At the distance of fifty-two feet south-, 
eastward from the second portiqo is a waters 
trough cut out of a single s.toiie 2Q ft. long and 
. 17 ft. 5 in. broad, and standing 3 ft. high from 

ll^i aground. From hence to the northern wall of the platform is covered with fr^gipeiits | 
»fid the remains of one column not channelled as the others are ; this is 12 ft. 4 in. high. 



PEHSEPpLITAJJ AND PERSIAN. • ft 

40. At ofie faufidrad aiid seventy- two feet from the portals, sotttiiward, is anuchvr stajx- 
ease of two flights (lettered C), one west and the other east. On the top of the ramp o/ 
the steps are some foliages, and a lion tearing to pieces a bull, in bas-relief, and larger than 
nature. Tliis staircase is half buried. The western flight lias twenty-eight steps, and the 
other, where the ground is higher, has only eighteen. Tliese steps are 17 ft. long, 3 in. 
tiigh, and 14^ in. wide. The wall of the landing is sculptured with three rows of figures, 
one above the other, and extending ninety-eight feet. Tlie faces of these inner terrace walls 

are all decorated with bas-reliefs, of 
which Jig. 25. is a specimen. On ar- 
riving at the top of this staircase, was 
found another large platform, paved 
with large blocks of stone ; fuid at the 
distance of twenty-two feet two inches 
from the parapet of the landing, are the 
most northern columns (lettered D), 
originally twelve in number, whereol 
ill Sir li. K. Porter's time only one 
remained. At seventy-one feet south- 
ward from these stood thirty-six columns more, at intervals of twenty-two feet two inches 
from each other, whereof only five now remain ; the bases, however, of all the others are in 
their places, though most of them are much damaged. This group of columns is lettered 
E. To the east and west of the last-named group are two other groups of twelve each 
marked F and G, whereof five still remain in the eastern one, and four in the western one. 
The columns of the central group are fifty-five feet high ; and those of the other three 
groups are sixty feet in height. To the south of the three groups of columns is situate tlie 
most raised building on these ruins. On the east, towards the mountain, a large mass of 
ruins is visible (lettered H), consisting of portals, passages, windows, &c. The first are 
decorated with figures on the interior ; and the whole plot on which they stand is 95 paces 
from east to west, and about 1 25 paces from north to south. IImj centre part of tlie plot is 
covered with fragments of columns and other stones ; and in the interior part there seems 
to have been a group of seventy-six columns, whereof none are represented by Sir li. K. 
Porter, nor are they shown in either of he Bruyn’s views. Tlie highest building as to 
level, marked I, is 118 ft. distant from the columns lettered G. ^me foundations are 
visible in front of this building, to which there is not the slightest trace of a staircase. At 
fifty-three feet from the facade of it to the right is a staircase of double flight, marked K, 
wheie again bassi relievi are to be found, near which are the remains of some portals 
which Le Bruyn thinks were destroyed by an earthquake. Tlie next ruin (L) is 54i ft. in 
extent, and has portals similar to those in other parts of the place. To its north, M 
exhibits uniform features, with windows, and what travellers have agreed to call niches, 
which are nothing more than square-headed recesses. Sculpture here again abounds, 
whereof we do not think a description necessary, as in Jig. 25. a specimen of it has been 
given, sufficient to indicate its character. Behind this edifice is another, in some respects 
similar, except that it is thirty-eight feet longer. It is marked N on the plan. One 
hundred feet to the south of this last set of ruins (lettered O), Sir R. K. Porter seems 
to have found traces of columns, which, if we read Le Bruyn rightly, he does not mention. 
In this, the last-named traveller found a staircase leading to subterranean apartments, as he 
thought, but nothing of interest was discovered. The general dimensions of the building 
(P) extend about 160 ft. from north to south, and 190 ft. from east to west. It ex- 
hibits ten portals in ruins, besides other remains; and there are traces of thirty-six 
columns, in six ranks of six each. The spot is covered with fragments, under which have 
been traced conveyances for water. To the west of the last-named building was another 
entirely in mins : to the east of it are visible the remains of a fine staircase, much resembling 
that first described, and which, therefore, we do not think it necessary to particularise, 
more than we do the numberless fragments scattered over the whole area, which was equal 
to nearly thirty English acres 1 The ruins at Q, are of portals. At R and S are tombs 
cut in the rook, of curious form, but evidently, from their character, the work of tliose who 
constructed the enormous pile of building of which we have already inserted a repre- 
sentation. Between the leading forms of the portals of these ruins, or porticoes, as Le 
Bruyn calls them, and those of the structures of Egypt, there is a very striking resemblance. 
On comparison of the two, it is impossible not to be stmek with the large crowning hol- 
lowed member, which seems to have been common to the edifices on the banks of the Nile 
and those on the plain of Merdasht. In both, this member, forming, as it were, an en- 
^tablature, is orn^ented with vertical ribs or leaves, and the large fillet above the hollow 
appem equally in each. In the walls of the Fersepolitan remains, there is perhaps less real 
massiveness than in those which were the works of the Egyptians ; but the similarity of 
appearance between them points to the coiyecture tliat, though neither might have been 
•borrowed from the other, they are not many removes from one common parent The an- 
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l\rso|>(>lis. Tile (llafrrani (/</. 27.) exhibits a specimen of a cohimn and capital.^ Fig, 28. 

is a capital from one of the tombs. The walls forming the reveteinent of 
the great esplanade are wonderfully perfect ; and 8])i)ear still ca])able of re- 
sisting ocpially tlie attacks of time and barbarism. '1 he surface of the platform, 
generally, is unequal, and was of different levels : the whole seems to havf 
been hewn from the mountain, from whence 
the marble has been extracted for con- 
structing the edifices : hence the pave- 
ments a])])car masses of marble, than which 
nothing more durable or beautiful can be 
conceived. No cement appears to liave 
been used, but the stones seem to have 
been connected by cramps, whose removal, 
however, has neither deranged the courses 
from which they have been removed, nor 
\ affected their nice fitting to each other ; 

Nthcy are, indeed, so well wrought that the 
AKPOAritAi. can scarcely l)e perceived. 

50. No ]>erson can look at the style of composition and details of Persopolls without a 
conviction of some intimate connection between the architects of Persia and those of Egypt. 

'I'lic principles of both are identical ; and without inquiring into 
tlje exact date of the monument whose description we have just 
left, tlicre is sufficient to convijice us that the theory started in 
respect of the Cyclopean architecture, of the arts travelling in 
every direction from some central Asiatic point, is fully borne out; 
and that the Egyp- 
tian style had its 
origin in Asia. AVe 
are quite aware that 
conjectures, bearing 
a semblance of pro- 
bability, have os- 
[ sigitfd tbe erection 
of this stupendous 
palace to Egyptian 
captives, at a com- 
paratively late pe- 
riod, after the con- 
quest of Egypt by 
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Cambyses ; but we think they are answered by the sirailarityr of 
arrow-hepded characters used therein to those of ancient Babylon, whereof an example is 
here given (fig. 29. ) from one of the portals of Persepolis. A few miles to the south of 
JPenepolis, the hill of N4lcshi RosUhi {fg, 30.) presents a number of sculptured tomtt^ 
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th« higheit supposed to be coeval with Persepolis, bnd formed fur the sepulture St' 
t he early kings of Persia ; and the lower to have belonged to the I’arthian Sassanide 
dynasties. 

51a. The early Persians were doubtless indebted to the still earlier Assyrians for the 
principles on which their art was based. Pcrsepolis lies eastward of Nineveh ; its remains 
afford a more intimate acquaintance with the details and construction employed. In both 
places we 6nd the same arrangement of bassi rilievi against the walls^-^ntrances decorated 
with gigantic winged animals, bearing human heads — similarity in ornament and costume 
, — processions like those at Nimroud and Khorsabad. The cuneiform character (see 
29.) is now a known language ; and from an inscription found on the third terrace, 
the structure is assigned to the time of Darius. Susa, the ancient Shushan, the winter 
residence of Cyrus, was explored hy Mr.Loftus in 1851 ; and in 1886 by Mons. Dieulafoy, 
who has brought to the mu*>eum at the Louvre some hue examples of coloured tile wall 
works of the time of Darius, b.c. 521-485. The plan much resembled that at Persepolis. 
and both may have been designed by the same architect. 

515. I'he present architecture of Persia i^uch resembles that of other Mahometan coun- 
tries. The city of Ispahan, in its prosperity, is said to have been surrounded by a wall 
twenty miles in circuit. The bouses are generally mean in external appearance ; they 
commonly consist of a large square court, surrounded witli rooms of varying dimensions for 
different uses, the sides of the area being planted with flowers, and refreshed by fountains. 
Distinct from this is a smaller court, round whicli are distributed the apartments lielonging 
to the females of the family ; and almost every dwelling has a garden attached to it. The 
interior apartments of the i icher classes are splendidly finlahed, though simply furnished. 
Those inhabited by the governor, public officers, and opulent merchants, may almost vie 
with palaces. Nearly all are constructed with sun-dried bricks, the public edifices only 
l)eing built with burnt bricks; the roofs, mostly flat, ItjMe terraces, whereon the inhabitants 
sleep during several months of the year. According to (ilfardin, there were in bis time within 
the walls 16*0 mos(|ues, 48 colleges, J802 caravanseras, 273 baths, 12 cemeteries, and 38,000 
houses. But the city has since fallen into great ruin. The Shah Meidan, however 31. 
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and 32.), or royal square, is still one of the largest and flnest in the world. It is 440 
paces in length, and 160 in breadth. On its south side stands the royal mosque, erected by 
Shah Abbas, in the sixteenth century, and constructed of stone, covered with highly varnished 
bricks and tiles, whereon are inscribed sentences of the Koran. On another side of the 
Meidan is a Mahometan college culled the Medresse Shah Sultan Hosseiii. The entrance U 
through a lofty portico decorated with twisted columns of Tabriz marble, leading through 
two brazen gates, whose extremities are of silver, and their whole surface sculptured apd 
embossed with flowers, and verses from the Koran. Advancing into the court, on the right 
side is'B mosque, whose dome is covered with lacquered tiles, and adorned externally with 
ornaments of pure gold. This, and the minarets that flank it, are n )W falling into decay. 
The otlier sides of the square are occupied, one, by a lofty and beautiful portico, and the 
remaining two by small square cells for students, twelve in each front, disposed in two stories. 
In the city arc few hospitals ; one stands^ however, beside the caravanserai of Shah Abbas, 
who erected both at the same tune, that the revenue of tlie latter might support the propgr 
.officeraj off the liospitoL That the reader may have a proper idea of ooe of these inns of the 
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iSitt, if the/ may be so called, we have here given the plan of that Just above nanfod 

S3.). The paUmaof^kiiig 
are enclosed in a ibrt of My 
' walls, about three miles ih cir^ 
cuit; in general the Atmt room 
or hail is very open, and the 
roof supported by carved and 
gilded columns. ITie windows 



mm 



.MH 

ri«.s3. 


■■n 


ttHI 

4hi 

4HI 

f=SHl 
HI 


OARATAHWKAt O* tMAH AHSAt. 


glazed with curiously stained 
glass of a variety of colours-; 
each has a fountain in f^ont. 
The palace of Chehel Sitoon 
or forty pillars, is placed in the 
middle of an immense square, 
intersected by canals, and 
planted with trees. Towards 
the garden is an open saloon 
whose ceiling is borne by 
eighteen columns, inlaid with 
mirrors, and appearing at a dis* 
tance to consist entirely of 
The base of each is of 


maible, sculptured into four lions, so placed that the shafts stand on them. Mirrors are 
distributed on the walls in great profusion, and the ceiling is ornamented with gilt flowers. 
An arched recess leads from the apartment just described into a spacious and splendid hall, 
whose roof is formed into a varied of domes, decorated with painting and gilding. The 
walls are partly of white marble, ipd partly covered with mirrors, and are moreover deco- 
rated with SIX large paintings, whose subjects are the battles and royal fetes of Shah Ismael 
and Shah Abb^ the Great. Though of considerable age, the colours are fresh, and this 
gilding still brilliant. Adjoining the palace is the harem, erected but a few years ago. 
I he bazaars are much celebrated ; they consist of large wide passages, arched, and lighted 
from above, with buildings or stores on each side. One of these was formerly 600 geo- 
nlTn length, very broad and lofty. From these being adjacent to each other, 

a person might traverse the whole city sheltered from the weather In Ispahan, we must 
not forget to notice that some fine bridges exist, which cross tlie river Zenderond. 


Sect. V. 

JEWISH ASn PHCENICIAN ARCHITECTURE. 

j“*.‘'<'ed in giving a section, though short, to the architecture of the 
.lews, sinre the only buildiiip recorded as of tliat nation are the Temple of Jerusalem con- 
Wructed by Solomon, and the house of the forest of Lebanon. The shepherd tribes of 
Israel, indeed, do not sram to have required such dwellings or temples as would lead them 
when they settled in cities, to the adoption of any style very diflTerent from that of their 
neighbours. W hatever monuments are mentioned by them appear to have been rude and 
We been already noticed in the section on Druidical and Lltic architect^ When 
Solomon ascended the .throne, anxious to fulfil the wish his fiith.. L5 i . • J « 

Himself, and that Cailin»chu. «3ame~ut t h 

CorinthW capital whioh. he «iys, Imd been usL «nturt ““ 

feet, the height of it being equal to iis leng^ and bTLrt Th 
part, or cell, was 54* ft. , .n3 that of the pC« the To rJe a. t^! 

•SSj ft.,— judging from the height of the columns. In the interior thT 7 ?* 

was surrounded by three tier, of chambers, to which there was i,!ent*^»taf,?* T“.1* ' 
central part was open to the aky. The enda of the beams of the floors ; *,T T 

«one, «,d were not inserted inte the waU^ which were lined with Tdt 
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knd p$ilm trees, gitt In the mtnctiimry t^o .fijguree of cherubs were phteod, 
wlkree wtngs tousled each ether in the centre, and extended outwards to thS walls, ITtese 
were JO embitp high, Ja the front of the portico were two pillars of brass, which were east 
Iff Hiranh **a widow*s aim ^ the tribe of NaphtaJu** whose *‘&ther was a man ^ Tgrsf 
and who ** came to Jting Solomon and wrought pli his work, ** These two pUJars of 
l^r (j dftags^ ri7. 14, IS.) were each 18 cubits high, and their circumference was 
IS cubits; hence their diameter was 3*82 cubits. The chapiters, or capitals, were 
/ / 5 cubits high 4 and one of them was decorated with lilies upon a neUftork ground, 

/ I and the other with pomegranates. From the representation (Jig, 34.) here givem, 
j I the reader must be struck with their reseiiibJance to the columns of E^pt with 
I I their lotus leaves, and sometimes net-work. In short, the whole description would 
J — L almost as well apply to a temple of Egypt as to one at Jerusalem. And this tend^ 
hk. 31. though slightly it is true, to show that the Phoenician workmen who were employed 
on the temple worked in the same style as those of Egypt 

55. 'ilie house of the forest of Lebanon was larger than the temple, having lieen 100 
cubits in length, by 50 in breadth ; it also had a portico, and from the description seems to 
have been similar in style. 

54. Pkainician ArchiUeturs, — That part of the great nation of Asia which settled on tlw 
coasts of Palestine, called in scripture Canaanites, or merchants, were afterwards by the 
Greeks called Phoenicians. £Udon was originally their capital, and Tyre, which after- 
wards became greater than the parent itself, was at first only a colony. From what me 
have said in a previous section on the walls of Mycene, it may be fairly presumed that their 
architecture partook of the Cyclopean style : but that it was much more highly decorated 
is extremely probable from the wealth of a people whose merchants were princes, and whose 
traffickers were the honourable of the earth. Besides the verses of Euripides, which point 
to the style of Phoenician architecture, we have the authority of Lucian for asserting that 
it was Egyptian in character. Unfortunately all is surmise ; no monuments of Phoenician 
uicliitecture exist, and we therefore think it useless to dwell longer on the subject. 


Sect. VI. 

INUIAN ARCHITECTUKE. 

55. Whence the countries of India derived their architecture is a question that has occupied 
abler pens than that which we wield, and a long period has not passed away since the im- 
pression on our own mind was, that the monuments of India were not so old as those of 
Egypt. Upon maturer reflection, we are not sure that impression was false ; but if the arts of 
a country do not change, if the manners and habits of the people have not varied, the admis- 
sion of the want of high antiquity of the monuments actually in existence 
will not settle the point. The capitals and columns about Persepolis have 
a remarkable similarity to some of the Hindoo examples, and seem to 
indicate a common origin ; indeed, it is our opinion, and one which we 
have not adopted without considerable hesitation, that though the existing 
buildings of India be comparatively modern, they are in a style older than 
that of the time of their erection. Sir William Jones, whose opinion seems 
to have been that the Indian temples and edifices are not of the highest 
antiquity, says (3rd Discourse), ** that they prove an early connection be- 
tween India and Africa. The pyramids of Egypt, the colossal statues de- 
scribed by Pausaniasand others, the Sphinx and the Hermes Canis (which 
last bears a great resemblance to the Varlihivat^r, or the incarnation of 
Vishnu in the form of a boar), indicate the style and mythology of the 
same indefatigable workmen who formed the vast excavations of Canarah, 
the various temples and images of Buddha, and the idols which are con- 
tinually dug up at Gay^ or in its vicinity. The letters on many of these 
monuments appear, as I have before intimated, partly of Indian and partly 
of Abyssi.iian or Ethiopio origin ; and all these indubitable facts may in- 
duce no ill-grounded opinion that Ethiopia and Hindustan were peopled 
Fik sa. a ooiifMN or or colonised by the same extraordinary race.** In a previous page (jg. 27.), 
nil iNPjiA luMNA. the reader will find a Persepolitan column and capital; we plm before 
him, in fig. 55., an example from the Indra Subba which much resembles it in detail, and 
at the Ncrta Chabei at Chillambaram are very similar examples. Between the styles of 
Persepolis and Egypt a resemblance will be hereafter traced, and to such an extent, that 
there seems no reasonable doubt of a common origin. 7*he monuments of India may 
be divided into two classes, the exeavaied and constructsdi the former being that wherein a 
hiiilding has been hollowed, or, as it were, quarried out of the rock ; the latter, that built 
of separate and different sorts of materials, upon a ^regular plan, as may be seen in those 
buildings improperly ealled pagodas, which ornament the enclosures of the sacred edifices, of 
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, wliit‘h they ate component parts. The class first named se&ms to have interestec/ travallen 
• more than the lust, from the apparent difficulty of execution ; but on this account we arc not 
so sure that they ought to create more astonishment than the constructed temple, except that, 
according to Daniel (/ixint. Jiei. vol. i.), they are hollowed in hard and compact granite. . 

! JC. The monuments which belong to the first class are of two sorts ; those actually hollowed 
.out of rooks, and those presenting forms of apparently constructed buildings, but which are. 
ill fact, rocks shaped by human hands into architectural forms. Of the first sort are the 
caves of Klephanta and Kllora ; of the last, the seven large pagodas of Mavalipowram. , Jt 
will immediately occur to the reader that the shaping of rocks into forms implies art, if 
the forms be imposing or well arranged : so, if the hollowing a rock into well-arranged and 
I well -formed chambers be conducted in a way indicating an acipiaintance with architectural 
effect, we are not to assume that a want of taste must bo conse(juent on the first sort merely 
.because it cannot be called constructive architecture. And here we must observe, that we 
think the wiiter in the Ennfclop4Uie Mrtliodujue (art. Arch. Indienne) fails in his reasoning: 
our notion being simply this, that as far as respects these monuments, if they are worthy to 
he ranketl as works of art, the means by which they were produced have nothing to do with 
the (juestion. It must, however, be admitted, that what the architect understands by or- 
donnance, or the composition of a building, and the jiroper arrangement of its several 
parts, points which so much engaged the attention of the Greeks and Homans, will not Iw 
mund in Indian architecture as far as our acijuaintance with it extends. Conjectures 
infinite might be placed before the reader on the antiquity of this sjiecies of art, but they 
would be valueless, no certain data, of which we are aware, existing to lead him in the right 
road ; am we miist, therefore, he content with enumerating some of the principal wdrks 
m this style. The caves at Kllora consist of several apartments ; the jilan of that called 
liie Indra .Subba (fy. 36.) is here given, to show the species of plan which these places 
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exhibit ; and Jiy 37, is a view of a portion of the interior of the same, 
which compose these excavations aie as follow ; 


Tile group of temples 


Temple of Dlagannithn. 

Kxtenial width of the exeavnlinn 
l.eiigth (Interior) 

Width (ditto) . 

Height - - ^ . 

Height of the pillars 
.Temple of Parocniia, 

Length internally 

Width .... 

Height «... 

‘ Teitmle of Adi — Natha. 

r.ength • - • • 

Height > . • 

I'einnle of Djcnonasla. 

Width . . 

Height • . • • 


. leinrle of Domma — Leyma. 
Length • • . 

WkSli . 


T 


ft. In. 

• 67 0 

- M 0 

. 20 0 

- 1.3 0 

- II 0 

. 36 0 

- 2.6 0 

. 8 0 

. 46 0 

• 9 0 


. 11 0 

• U 2 


- 56 0 

• 18 (i 

• IG 10 


Temple of Indra. 
r.eiiffth 
Wkitli 

WwUht . a, 
of coliimni 
AnothlWrempIe. 
Length 
idth 

Height 


Temple of Muhndeo. 
I-ength 
Width 
Height 


1 emple of Ramicliouer. 
Length 
Height - 



ft. in 
. 64 0 

- 44 0 

- 27 0 

- 22 0 


- Ml 0 

- 22 4 

- 15 0 


- 68 a 

- 17 0 

- 12 0 


- 90 Jl 

- 15 t> 


- H8 0 

• 47 a 



tl.«t iveie worshipped, or the actions of the heroes whom they represented At the end 
L ® recess, about 20 ft. scjuarc, entered by four doors, each 

Hanked by p^antic figure^ ♦« ‘Hiese stupendous works,” says Robertton, “ are of such hitfb 
antiquity, that, as the natives cannot, either from history or tradition, give any information 
concerning the time in whicli they were executed, they universally ascribe the^ formation of 
bem to the power of superior beings. From the extent and grandeur of these sub- 
terraneous mansions, which intelligent travellers compare to the most celebrated monu- 
inents ot human power and art in any part of the earth, it is manifest that they could not 
have been formed in that stage of social life where men continue divided into small tribes 
uuaccustonied to the efforts of persevering industry.” Excavations similar to those we 
have named are fo^ at Canfirah, in the Island of Salsette, near Bombay. In these there 
are four stones of galleries, leading in all to three hundred apartments. The front is 
formed by cutting away one oide of the rock. Tlie principal temple, 84 ft. long, and 40 ft 
broad, IS entered by a portico of columns. Tlie roof is of tile form of a vault, 40 ft. from 
the ground to its crown, and has the appearance of being supjiorted by thirty iiillars. 
octagonal m plan, whose capitals and bases are formed of elephants, tigis,^ ZrZ 

both covered ^ sculptures of human figures of 

both sexes, el^hants, horses, and lions. An altar, 27% high and 20 ft in diameter 
stands at the further end, and over it is a dome shaped ou« ^ the rock. ’ 'niough the 
sculptures m these caves are low in rank compared with the Greek and Euuriaii 

arust^ yet they are certainly in a style superior to the works of Egyptians- and we 

infer from them a favourable opinion of the state of tlie arts in In^ aifhe period of tlieir 

although several of the figures in tlie ca\‘ern8 at Elephanu be so dilUbiw irom thiwM* 
tiow exhibited in the pagodas as objects of veneration, tlrnt some leaS'lkiropeaiw 
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ha«< Imagined they represent the rites of a religion more ancient tbaii that now Ml. 

blished in Uitidostan ; yet by the Hindooa tbrjiwQlvi 
^ the caverns are consi^red as iiailowed plaeof of 
own woffship, and they still resort tlnther to perfon 
their devotions, and honour tlie 6gures there, In ^ 
same manner with thosf in their ownpagodaa," J| 
^ Hunter, who in the year 1784 visited the plem, etm 
^ aiders the figures there as representing deitUe w 
are still objects of worship among the Hindoos, One 
, circumstance justifying this opinion is, that Severn/ 
of the most conspicuous personages in the groups at 
Elephants are decorated with the zennar, the sacred 
string or cord peculiar to the order of Brahmins, at} 
authentic evidence of the distinction of casts having 
been established in India at the time when these 
, works were hnisbed, 

S8. The structure of the earliest Indian tem» 
pies was extremely simple. Pyramidal, and of large 
dimensions, they had no light but that which the 
door adbrded ; and, indeed, the gloom of the cavern 
seems to have led them to consider the solemn dark- 
ness of such a mansion sacred. There are ruins of 
this sort at Deogur and at a spot near Tanjore, in 
the Carnatic. Jn proportion, however, to the pro- 
gress of the country in opulence and refinement, their 
1 sacred buildings became highly ornamented, and must 
I be considered as monuments exhibiting a bigli de- 
I gree of civilisation of the people by whom they were 
I erected. Very highly finislied pagodas, of great an- 
i tiquity, are found in different parts of Hindostan, and 
' particularly in its southern districts, where they were 
not subjected to the destructive fury of Mahometan 
zeal. To assist the reader in forming a notion of the 
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' f — — nmridel”^* '» f- near Porto Novo, on tlie^Coro- 

niande coa*t ; one winch is, on account of its antiquity, held in Breat 

Is a if monument would he perhaps more properly desefibed 

hmeth and » rectangular space 1333 ft. in 

length and 93 fi ft. width, whose wall, are 30 ft. in height, and 

f Immg provided with a highly deco- 

rated frustum of a pyramid over an entrance gateway The laree 

tial “miT “ '“'"'‘V'i®'', subordinate ones, whireof the cel 
tra one surrounded by a colonnade and steps, contains a pisihm 
or basiu for punhcation. 'iliat on the southern side formsl dS 
enclosing three contiguous temples called C/mtri, feS onW ,v 

rtlle” ‘‘miSdle"’'"' ^ 

•n the centre, on a platform, is the !te,ue If rit. I. V "t'’ 

Z Ind'rjidth 64 R?haW„7iVi;ttti:: i- '“f 

the tutne^ry, mimed aXTor 

the altar being at the end of it. Tiie temde is mu^hV 
sculpture, representing the divinities of India. ” lie 
IS placed at the sides of the door of the <I • 

jnwTA cMAJMu. granite carved out of the rock, attached to th« » » • cnam or 

n« bj^ are about 3ft. iTg, “sHTtim Itok I^gt^Tflthlin 
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iv})ereor are 25 ft. I)igh, and 4 ft. thick. 


(b«w ffiUitioma. #b!oh Hind om the entnuuxif aro* m,im enelowK, rbe fto^ reetengulw: 

basa^ and ooiuitt of seiientV 
ftoors. 'fhc pasMge through 
thdn it kirel with the groumi. 

59. A very beautiful ei*^ 
ample of the Indian pagoda 
exijftM at Tanjom, which wa 
here insert (Ji^, 42.). 

SO. One of the largest tem- 
ples known is that on the small 
island SeringhamfOear Trichi- 
nopoly, on the Coromandel 
coast It is situate about a mile^ 
from the western extremity of 
the island, and is thus described 
by Sonnerat It is composed 
of seven S4]uare enclosures, one 
within the other, the walla 
Tliese enclosures are 350 ft. distant from one an--^ 
uttier, and earh has four large gates with a high' 
tower; which are placed, one in the middle of 
each side of the enclosure, and opposite to the four 
cardinal points. The outward wall is near four 
miles in circumference, and its gateway to the south 
is ornamented with pillars, several of which are 
simple stones, 33 ft. long, and nearly 5 ft. in 
diameter ; and those which form the roof are still 
larger. In the ^ inmost inclosures are the cha> 
pels. About half a mile to the east of Sering- 
ham, and nearer to the river Caveri than the 
Coleroon, is another large pagoda, called Jembi- 
kisma, but this has only one enclosure. 'Hie 
extreme veneration in which Seringham is held 
arises from a belief that it contains that identical 
image of the god Vishnu which used to be wor- 
shipped by Brahma. 

61. We shall conclude this section with some 
observations on Clioultry (or Inn) at Madurah 
(Jlp. 43.). Its effbct is quite theatrical, and its 
perfect symmetry gives it the appearance of a work 
of great art, and of greater skill in composition 
than most other Indian works. Yet an examination 
of the details, and particularly of the system of 
corbelling over, destroys the charm which a first 
glance at it creates. In it, the ornaments which 
in Grecian architecture are so well applied and 
balanced, seem more the work of chance than of 
consideration. We here insert an external view 
The essential differences between Indian and Egyp- 
tian architecture, in connection 
with the sculpture applied to 
them, have been well given 
in the Encychp^die Mdthodiqne, 
and we shall here subjoin them. 

In Egypt, the principal forms 
of the building and its parts 
preponderate, inasmuch as the 
hieroglyphics with which they 
are covered never interfere 
with tlie general forms, nor in- 
jure the eftect of tlie whole ; in 
India, the principal form is 
lost in tlie ornaments which 
divide and decompose it. in 
Egypt, that wiiich is essential 
predomiiuites ; in India, you 
are lost in the multitude of 
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t^Boeitories. To the Egyptian arch If ecture, even the smallest edifices are gtand) in that of 
India, the infinite subdivivion into parts gives an air of littleness to the largest buildings. 
In Egypt, solidity is carried to the extreme ; in India, there is not the slightest appea»^ 
ance of it. Publications on Indian and Eastern Architecture, written by the late James 
Fergusson and others, are mentioned in the Catalogue of Books. 


SEtT. VII. 

tOTPTlAN ARCHITECTUR*. 

f>2. We propose to consider tlie architecture of Egypt — First, in respect of the physical, 
political, and moral causes which affected it. Secondly, in respect of its analysis and deve- 
lopment. Thirdly, and lastly, in respect of the taste, style, and character which it exhibits. 

63. I. In our introduction, we have alluded to the three states of life which .even in 
tfie present day distinguish different nations of the earth — hunters, shepherds, and agri- 
oiiitiirists; in the second class whereof are included those whose subsistence is on the pro- 
duce of the waters, whicli was most probably the principal food of the earliest inhabitants 
of Egyiit. Seate(i on tlie lianks of a river whose name almost implies fertility, they would 
have been able to live on the supply it afforded for a long period before it was necessary to 
resort to the hilmurs of agriculture. In such a state of existence nothing appears more pro- 
hahle than that they should have availed themselves of the most obvious shelter which nature 
afforded against t\\e extremes of heat and cold, namely, the cavern ; which, consisting of tufo 
and a species of white soft stone, was easily enlarged or formed to meet their wants. Certain 
it is, that at a very early period the Egyptians were extremely skilful in working stone, an 
art which at a later time tliey carried to a perfection which has never been surpassed. As 
tJie^ lyrians, Sidonians, and otlier inliabitants of Palestine were, owing to the material 
which their cedar forests attbrded, dexterous in joinery, so the Egyptians received an im- 
pulse in the style of their works from an abundance of tlie stone of all sorts which their 
quarries produced. Subterranean apartments, it will he said, are found in other countries ; 
hut they will mostly, India excepted, be found to be the remains of abandoned ejuarrries, 
exhibiting no traces of architecture, nor places for dwelling. Egypt, on the contrary, from 
time immemorial, was accustomed to hollow out rocks for habitation. Pliny (lib. xxxvi. 
c. 13.) tells us, tlmt the great Labyrinth consisted of immense excavations of this sort. 
Such were the subterranean chambers of Hiban cl Melook, those which have in the 
present day received the name of the Labyrinth, and many others, wliich were not likely to 
have been tombs. When the finished and later monuments of a people resemble their first 
essays, it is easy to recognise the infiuential causes from which they result, 'ilius, in 
Egyptian architecture, every thing points to its origin. Its simplicity, not to say monotony. 
Its extreme solidity, almost lieaviness, form its iirincipal characters. Then tlie want of 
prohle and paucity of memhefs, the small projection of its mouldings, the absence of aper- 
Hires, the enormous diameter of the columns em))loyed, iniicli resembling the iiillars left in 
quarries for support, the pyramidal form of tl.e doors, the omission of roots and pediments 
the Ignorance of the arch (which we believe to have been unknown, though we are aware 
that a late traveller of great intelligence is of a diflerent opinion), —all enable us to recur to 
the type with which we have set out. If we pursue this investigation, wo do not discover 
tiinher as an element in Egyptian compositions, whilst in Grecian architecture, the types 
certainly do point to that material. It is not necessary to inquire wlietlier tlie people had 
or had not tents or houses in which timber was used for beams or for support, ^ the 
character of their arcliitecture is specially influenced by the exclusive use of itone as a 
material ; and however the form of some of their columns may not seem to bear out the 

lun". '■/"''i ''If®"®®’ “'® •’‘'"‘•'•-■s of reeds with imitations of 

planu 111 the capitals), all the upper parts are constructed without reference to any other 
than stoiie construction. It is, moreover, well known that Egypt Was extremely bare of 
wood, and especially of such as was suited for building. ' y Oa e of 

64. The climate of Egypt xyas, doubtless, one great cause of the subterranean style at it 
mst he in the original architecture of every nation. Materials so well adapted to” e 
eoiwtnietion it induced, furnishing supports incapable of being crushed, and siigle Wo^k* 
of stone which dispensed with all car], entry in roofs or eoverines. a nnrit. ,.f . 1 . .„,i --!! 


'St, iSrairTS 




(tfur. n. 


KCYPTIAV. W 

important ofUficct wifli which history or their ruins have made us aoqunlnte<h were raised 
under monarchies ; and we scarcely need cite any other than the ruins ot’ Persepolis, of 
wlilch an account is given in a previous section, to prove the assertion : these, in point of 
extent, exceed all that E^ypt or Greece produced. Indeed, the latter nation sought beauty 
of form rather than immense ediHces ; and iiome, until its citisens equalled kings in their 
wealth, hod no monuments worthy to he remembered by the historian, or transmitted as 
models to the artist. ^ 

. 66. Not the least important of the causes that combined In the erection of their moniH 
tnents was the extraordinary population of Egypt : and though wc may not perhaps entirely 
rely on the wonderful number of twenty thousand cities, which old historians have said 
were seated within its boundaries, it is past question that the country was favourable to the 
r'earing and maintenance of an immense population. As in China at the present day, there 
Appears in Egypt to have been a redundant population, which was doubtless employed id 
the public works of the country, in which the workman received no other remuneration 
than his food. 

67. 'Die Egyptian monarchs appear to have gratified their am!>ition as much in the pro- 
vision for their own reception after this life as during their continuance in it. if we except the 
itlemnonium, and what is called the labyrinth at Memphis, temples and tombs are all that 
remain of their architectural works. Diodorus says, that the kings of Egypt spent those 
enormous sums on their sepulchres which other kings expend on palaces, i'hey considered 
that the frailty of the body during life ought not to be provided with more than necessary pro* 
tection from the seasons, and that the palace was nothing more than an inn, which at their 
death the successor would in his turn inhabit, but that the tomb was their eternal dwelU 
Vng, and sacred to themselves alone. Hence they spared no expense in erecting indestriic* 
tible edifices for tlieir reception after death. Against the violation of the tomb it seems' 
to have been a great object with them to provide, and doubts have existed on the minds of 
some whether tlie body was, after all, deposited in the ])yramids, which have been thought 
to be enormous ccnotu]d)s, and that the body was in some subterraneous and neighbouring 
■pot. Otiicr writers pretend that the pyramids were not tombs, assigning to them certain 
mystic or astronomical destinations. Tliere are, however, too many circumstances contra* 
dictory of such an assumption to allow us to give it the least credit ; and there is little im- 
propriety in calling them seiiulchrul monuments, whether or not the bodies of the monarchs 
were ever deposited in tliein. The religion of Egypt, though not so fruitful, perhaps, as' 
that of Greece in the production of a great number of temples, did not fail to engender an 
abundant supply. The priesthood was powerful and the rites unchangeable : a mysterious 
authority prevailed in its ceremonies and outward forms. The temples of the country are 
impressed with mystery, on which the religion was based. Here, indeed, Secresy was deiHed 
in. the person of Harpocrates ; and, according to Plutarch ( De /am/c), the sphinx, which deco-' 
rated the entrances of their temples, signified that mystery and emblem were engrafted on 
their theology. Numerous doors closed the succession of apartments in the tem])les, leaving 
Hie holy place itself to be seen only at a great distance. This was of little extent, con- 
taining merely a living idol, or the representation of one. 7'he larger portion of the 
temple was laid out for the reception of the priests, and dis])osed in galleries, porticoes, and* 
vestibules. With few and unimportant variations, the greatest similarity and uniformity is 
observable in their temples, in plan, in elevation, and in general form, as well os in thei 
details of tluiir ornaments. In no country was the connection between religion and 
architecture closer than in Egypt, and as the conceptions and execution in architecture are 
dependent on the other arts, we will here briefly examine the influence wliich the religion 
of the country had upon them. 

68. Painting and sculpture are not only intimately connected with architecture through the 
cimbeHishments they are capable of aflbrding to it, but are handmaids at her service in wliat' 
depends upon taste, upon the principles of beauty, upon the laws of proportion, upon the pre- 
servation of character, and in various other respects. Nature, in one sense, is the model upon 
whicli architecture is founded ; not as a subject of imitation, but as presenting for imitation' 
principles of the harmony, proportion, effect, and beauty, for which the arts generally are 
indebted to nature. We think it was Madame de Stael who said that architecture was* 
frozen music. Now, though in architecture, as in the other arts, there is no sensible imi- 
tation of nature, yet by a study of her mode of operating, it may be tempered and modi Hud 
so as to give it the power of language and the sublimity of poetry. In respect of the con- 
nection of the art with sculpture, little need be said : in a material light, architecture is but 
a sculptured production, and its beauty in every country is in an exact ratio with the skill 
'vhich is exhibited in the use of the chisel. Facts, however, which are worth more than 
arguments, prove that as is the state of arpliitccture in a country, so is that' of the other arts. 
Two things prevented the arts of imitation l^ing carried Iwjyond a certain point in the country 
under our consideration ; the first was political, the other religious. The first essay* of 
art are subjects of veneration in all societies ; and wlien, as in Egy])t, all change wa-s for^ 
bidden, and a oonstaut and inviolable respect 'was entertained for that wbicii had existed be- 
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Urn, irben •U its Inititutions tended to preserve 

md forbid all innovation, the duration of a style was doomed to become eternal. Heligioih 
however, alone, was capable of effectir^ the same object, and of ^ restraining within certo9 
bounds the imitotive faculty, by the preservation of types and primitive conventional 8ign» 
for the hieroglyphic language, which, from the sacred purposes for which it was employee^ 
loon acquired an authority from which no individual would dare to deviate by ah improve / 
ment of the forms under which it had appeared. Plato observes, that no change t04^ 
place in painting among the Egyptians ; but that it was the same, neither better nor W^orse, 
khan it had been ages before his time, Sicoircvv 5* €vpf)ati5 avrodi to fiupioirrw eror ytypofis 
fA*ya, ri TfrvTrufjLfva {ovx us tiros tiirtiy fivpioaroy, oAA’ ovrufs) rcov vvv MrnMovpq^fxtyofV ourt) 
TI KoWioua, OUT* o((rxi«, rrjy avrrjy 5e airtipyarrfieya. — De Legibns^ lib. ii. 

69. Uniformity of plan characterises all their works ; they never deviated from the right 
line and square. “ Les 6gyptiens,” observes M. Caylu8,“ ne nous ont laisse aucun monu- 
ment public dont T^Kwation ait ete circulaire.*’ The uniformity of their elevations is stiU, 
more striking. Neither division of parts, contrast, nor effect is visible. All this necessarily, 
resulted from the political and religious institutions whereof we have been speaking. 

70. IL In analysing the architecture of Egypt, three points offer themselves for considei^ 
ation, — construction, form, and decoration. In construction, if solidity be a merit, no 
nation has equalled them. Notwithstanding the continued effect of time upon the edifices 
of the country, they still seem calculated for a duration equally long as that of the globe 
itself. Hie materials employed upon them were well adapted to insure a defiance of all 
that age could effect against them. The most abundant material is what the ancients 
called the Hiebaic granite. I..arge quarries of it were seated near the Nile in Upper 
Egypt, between the first cataract and the town of Assouan, now Syene. The whole of the 
country to the east, the islands, and the bed of the Nile itself, are of this red granite, 
whereof were formed the obelisks, colossal statues, and columns of their temples. Blocks 
of dimensions surprisingly large were obtained from these quarries. Basalt, marble, free- 
stone, and alabaster were found beyond all limit compared with the purposes for which they, 
were wanted. 


71. We have already observed, that Egypt was deficient in timber, and especially that sort 
proper for buildipK* There are some forests of palm trees on the Lybian side, near 
Dendera (Tentyfipj but the soil is little suited to the growth of timber. Next in quantity 
to the palm is the acacia ; the olive is rare. With the exception of the palm tree, there is 
none suited for architectural use. The oak is not to be found ; and that, as well as the fir 
which the present inhabitants use, is imported from Arabia. Diodorus says, that the early 
inhabitants used canes and reeds interwoven and plastered with mud for their huts ; but he 
confines this practice to the country away from towns, in which, from fragments that have 
been found, we may infer that brick was the material in most common use. 

72. Bricks dried in the sun were employed even on large monuments; but it is probable 
that these were originally faced either with stone or granite. The pyramids described by 
Pococke, called Ktoube el Meuschich, are composed of bricks, some of which are ISi^ in. long, 

in. wide, and 4 in. thick ; others 15 in, long, 7 in. wide, and 4 J in. thick. They are not 
united by cement, but in some inst<mces cements of a bituminous natute were employed 
and in others a mortar composed of lime or plaster and sand, of which it would seem that 
this second was exceedinglv powerful a*, well as durable. 

73. I'he Egyptians arrived at the highest degree of skill in quarrying and working 
stone, as well as in afterwards giving it the most perfect polish. In their masonry they 
placed no reliance on the use of cramps, but rather on the nice adjustment of the stones 
to one another, on the avoidance of all false bearings, and the nice balance of all over- 
hanging weight. Of their mechanical skill the reader will form some idea by reference 
to volume iii. p. 328. of Wilkinson’s Manners and Customs of the Ancient EgyptinnSy from 
a representation in a grotto at El Bersheh. A colossus on a sledge is therein pulled along 
by 172 men, but none of the mechanical powers seem to be called in to their assistance. 
** 'fhe obelisks,” says Mr. Wilkinson, “ transported from the quai'ries of Syene to Thebes 
and Heliopolis, vary in siie from 70 to 93 ft. in length. They are of one single stone ; and 
the largest in Egypt, which is that at the great temple at Coirnac, 1 calculate to weigh 
about 297 tons. This was brought about 138 miles from the quarry to where it now 
stands; and those taken to Heliopolis passed over a space of 800 miles.” Two colossi 
(one of them is the vocal Memnon), each of a single block 47 ft. in height, and contain- 
ing 11,500 cubic feet, are carved from stone not known within several days* journey of the 
place ; and at the Memnonium is a colossal statue, which, when entire, weighed 887 
tons. We consider, however, the raising of the obelisks a far greater test of meehanical 
skill than the transport of these prodigious weights ; but into the mode they adopted we 
have no insight from an^ representations yet discovered. We can scarcely suppose that 
in the handling of the weights whereof wc liave spoken, they were unassisted by the mci* 
chiuiieal powers, although, i|ii| we have observed, no representations to warrant the conjecture 
have been brought to light 
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74, In the construction of the pyramids it is manifest they would icrve as their own 

scaffolds. The oldest monuments of Egypt are the 
pyramids at Geezeh, to the north of Memphis, of 
which we give a view (Jit/, 46.), with a section of 
the largest of them built liy Stiphis I., the Cheops 
of the Greeks (Jip, 45.). Sir G. Wilkinson supposes 
them to have been erected 2120 years b.c., Lepsius 
S426 B.c. ; but the funner admits that, previous to 
the reign of Osirtasen, 1740 B.C., little certainty 
exists as to dates. These pyramids (Jtp. 46.) 
known by the names of Cheops, Chepheren, and 
Mycerinus, are extraordinary for their ri/e and the 
consequent labour bestowed upon them ; but os 
works of the art they are of no ft*rther importance 
tlian being a link in the chain of its history. They 
are constructed of stone from tlie neighbouring mountains, and are in steps, of which in 

the laigest there are two hugi- 
dred and three, varying in height 
from 3 ft. to about 4 and^’even 5 
ft., deci easing in height as they 
rise towards the summit. Their 
widtl) diminishes in the same 
proportion, so tliat a line drawn 
from the base to the summit 
touches the edge of each step. So 
great a difference exists in the 
measures given in the descriptions 
by the several travellers, that we 
ri«. 48. P7IUM1DS OF/ABBZBH. here subjoin those given of the 

pyramid of Cheops, whilst believing that the careful admeasurements taken by Mr.^Perring 
are those to be relied upon - 





AtUhon, 

Length yo qf 

qfbasc, steps, 

Authors. 

Length 

((fbase. 

No. qy 
steps. 

Height, 

llorodotuf 


800 Gr. a. - - 8S2 Kng ft. 

Thorenot 


727 Eng. ft. 

208 

554 Eng. ft. 

Strabo 


600 — - - 6(*6 — 

Niebuhr 


757 — 

. • 

469 — 

Diodorui 


1 

i 

• 

8 

Chazelles 


751 — 

. 

498 .. 

Sandys 


300 paces 

Mail let 


. • 

208 


Belloniui 


324 — 

Pococke 


• • 

912 


Greaves 


693 Eng. ft. 207 499 — 

Bclon 


• • 

250 


Le Bruyn 


7.')0 — . - 656 — 

French Engineers 


. 

477 — 

Prosper Alpinus - 

799 — . - 666 — 

SOB a 

- 

767 - 

- 203 

480 — 


Mr Perring, a recent traveller, in respect of the proportions of the great pyramid, has en- 
deavoured to prove that the unit of Egyptian measurement is an ell equal to 1*713 English 
feet, and that it is expressed a certain number of times without remainder in a correct 
measurement of the pyramids of Geeeeh. Thus, he says, the perpendicular height of the 
great pyramid is exactly 280 of such ells, the base 448 ; and that ^ base : perpendicular 
height :: slant height : base. Upon tlie top thereof is a platform 32 ft. square, consisting 
of nine large stones, each about a ton in weight, though inferior in that respect to others in 
the edifice, which vary from 5 ft, to 30 ft. in length, and from 3 ft. to 4 ft. in height. From 
this platform Dr. Clarke saw the pyramids of Sakkarali to the south, and on the east of them 
smaller monuments of the same kind nearer to the Nile. He remarked, moreover, an appear- 
ance of ruins which might be traced the whole way from the pyramids of Gizeh to those oi 
Saccara, as if the whole had once constituted one great city. 1 he* stones of the platform are 
soft limestone, a little harder and more compact than what in England is called clunck, 'The 

pynsmidsare built with common mortar ex- 
ternally, but no appearance of mortar can 
be discerned in the more perfect parts of 
the masonry. The faces of the pyramid 
are directed to the four cardinal points. 
The entrance is in the north front, and 
the passage to the central chamber is 
shown on the preceding section. That 
in the pyramid of Chepheren (Jip, 47.) 
is thus described by Belzoni; — The first 
passage is built of granite, the rest are cut 
, - out of the natural sandstone rock which 

<7* nrroAMi ito nu mtootm truAmn, f ises al>ove the level of the basis of the 

pyramid. This passage is 104 ft. long, 4 ft. high, and 3 ft. 6 in. wide ; descending at an 
Angle of 26 d^oes : at tha bottom is a portcullis, beyond which is a horisontal passage 
' D 
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af tlK> Mine (.eiaht as tl,c c^Ut^ tl>t 

Zoui of^heiiu r«k. The 3 ^ «. in. wide. »»d “ «• •» >"• 

height, and contain^ a “’'“''1^" the bfttom of the gallery a paaiw; de- 
deep in the insiile. lUturmng from the cham wt ^ horizontal dircc- 

scend* at an angle of 26 degrees to the extent of 48 ft. 6 ., prociods to the 

tion for a length of .65 ft. i .t then eg*"' „uuide. About tb. 

base of the pyramid, where another *!’* “"* . . another chamber, which ia 32 ft. 

middle of the ''“"“".“‘I. hW,.'* The dimensions of this pyramid, as giveii by 

longs 10 ft. wide, nnd S ft. * ^ aka ft 'I’liose of the pyramid of Mycerinus 

Pefring, are a h.w of 707 *■ -“i a ^ .fUidsTf .xe» many 

and resemble hillocks cased with stone. One pyramid is constructed with 
Cheops; thei^ arc six steps, each 25 ft. high, and 11 ft. wide. T ie rj,cops 

groiM) i.s 150 ft. ; another, built also in steps, is supposed to be as high as that ol Che } . 
The stones used are inucli decayed, and more cnimbling than those of Gizeh ; hence they 
are considered older. One is formed of uiibumt brick.s, containing shells, gravel, and 
chopped straw, and is in a very mouldering state. About 300 paces from the second pyramid 
stands the gigantic Spliinx (^,g. 48), whose length from 
the fore-part to the tail has been found to be 150 ft. ; the 
jiaws extend 50 ft. Beizoni cleared away the sand, and 
found a temple held between the legs and another in one 
of its paws. It was excavated by Captain Caviglia in 
I81f>; also in 1869 to the level on which the paws rc.st. 
The journals of 1886-7 describe the new works by 
Prof. Maspero in excataiing and securing them from 
being replied by the sand. 

74a. The antiquity of the Egyptian tcinpics may Iw 
comparatively determined from their size ; the larger 
ones being posterior to the smaller. Since the insight 
obtained into the meaning of the hieroglyphics, much 
I information ha.s been gained a.s to their history. 
Solidity reigns through the whole of them, 'I'lie walls 

-w by which they are enclosed arc sonietimcs 26 ft. thick, 

and those of the entrance ante of a temple of Thebes are as much as 53 ft thick at their 
base, and are composed of block' of enormous size. Tiie masonry employed is that called 
by the Greeks emplectum (f/xTrAcK^Toi'), all filling in of an inferior or rubble work being 
discarded. Tiiey are nia'ses of nicely *^quared and fitted stones, and are built externally 
with a slope like the walls of a modern fortification. Tlie columns are absolutely necessary 
for the support of the ceilings, which consist of large blocks of stone, and are therefore of 
few diameters in height. Sometimes they are in a single piece, as at Thebes and Tenlyra. 
Thfc sioncs of which the ceilings are composed arc usually, according to Pococke, 14 ft* 
long, and .5.^ ft, in breadth, but some run much larger. 

75. Before adverting to the form and disposition of the Egyptian temple, we think it here 
necessary to notice the recent di.scovery of an arch in a tomb at Sakkarah, .said to be of the 
time of Psammeticus II., and of one also at Thebes in the remains of a crude brick 
pyramid. (See Wilkinson's Customs of the Ancient Egyptians^ vol. ill, p. 263. 321.) That 
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B.C., with every respect for his great information on the subject, and with much deference 
to his judgment, not having ourselves seen it, we cannot easily believe to be of such anti- 
quity. Its appearance is so truly Roman, that we must be permitted to dopbt the truth of 
his conjecture^ We are, moreover, fortified in the opinion we entertain by the principles 
on which the style of Egyptian architecture is founded, which are totally at variance with 
the use of the arch. We have ventured to transfer this {Jig. 49.) to our pages, that the 
ri'ader may form a judgment on the subject, as well as ourselves. We will only add, that 
the reasons assigned by Mr, W. for the Egyptians not preferring such a mode of con- 
struction as the arch, because of the difficulty of repairing it when injured, ahd the con- 
sequences attending .the decay of a single block, are not of any weight with us, because, 
pcactically, there is an easy mode of accomplishing such repair. And, again, the argu- 
ment that the superincumbent weight applied to an arch in such a case as that before 



titthf* tL 


£GYPTJAK 


Of will not hold good, Inumuch a$ the baJMnee on the back of each eourae would almoat pra» 

aerre the opening without any areh at aJJ. 

76 , The roau and DisrosmoH of the 
Egyptian temple teem to have been' 
founded on inomtitable rtilei The antjr> 
point! arheroin they differ from one an- 
other are in the nutni)er of their subdivi- 
sion! and their extent, as the city for 
which they served was more or teswrich. 
Unlike the temples of the Greeks and 
Romans, whose parts were governed by 
the adoption of one of the orders, and 
whose whole, taken in at a single glance. 
Flu. it, Atc« AT niran. Could be measured from any one of its 

parts, those of l^gypt were an assemblage 
of porticoes, courts, vestibules, galleries, npartments, communicating with each other, and 
surrounded with walls. Strabo, in his ] 7th book, thus describes the temples in question. 

“ At the entrance of the consecrated spot the ground is paved to the width of 100 ft. 
(ir\t0por) or less, and in length three or four times its %vidth, and in some places even more. 
Tltis IS called the court (Spoftor, course) ; thus Callimachus uses the words 

*0 tvref Av0t/Ciiaf. 


Tliroughout the whole length beyond this on each side of the width are placed sphinxes of 
stone, 20 cubits or more distant from one another, one row being on the right, and the other 
on the left. Beyond the sphinxes is a great vestibule (wpoirwAov), then a further one, and 
beyond this ancthcr. The number, however, of the sphinxes, as of the vestibules, is not 
always the same, but varies according to the length and breadth of the course. Beyond 

the vestibules (wpoirvXaia) is the temple (vtwr), having 
a very large porch (wpovaos), which is worthy to hs 
recorded. The chapel (otikos) is small, and without 
a statue ; or, if there he one, it is not of human form, 
but that of some beast. The porch on each side has 
a wing (irrvpa); these consist of two walls as high as 
ilie temple itself, distant from each other at the bottom 
a little more than the width of the foundations of the 
temple, then they incline towards each other, rising to 
the height of 50 or 60 cubits. 'J'hese walls are 
sculptured with large figures, similar to those which 
are to Inr seen in the works of the Etruscans and 
ancient Greeks.’* Th is account is not at all exagger- 
ated, as we shall immediately show by the introduction 
in tilts place of the plan, section, and elevation of the 
celebrated temple at ApollinopoHs Magna, between 
Thebes and the first cataract, which, though, as we 
learn from the deciphering in these days, the hiero- 
glyphics upon it are not of the time of the Pharaohs, 
seems admirably calculated to give the reader almost 
all the information necessary for understanding the 
subject. This will, moreover, so much more fully 
explain it than words, that we shall not need to do more 
than afterwards come to some recital of tlie details. 

77. This edifice, seated near Edfoo^ about twenty 
miles south of Thebes, is one of the largest in Egypt, 
and is comparatively in good preservation. Its form is 
rectangular, and its general dimensions 450ft. by HOft. 
{Jig. 50.) In the centre of one of the short sides is the 
entrance, which consists of two buildings, each 100 ft. 
long, and 32 ft in width ; both pyramidal in form, and 
«hg. 50 . ffLAM or rnmrtM at AToti.iiraroi.u mamta. the same direction, but separated by a passage 

20 ft. in width, with a doorway at each extremity. This passage conducts us to a qua- 
di angle 140 ft. long, and 120 ft. wide, flanked by twelve columns on each side, and eight 
more on tlie entrance side, all standing a few feet within the walls, and thus forming a co- 
lonnade round three, sides covered by a flat roof. A view of a portion of it is given in Jig, 54. 
At the further end of the quadrangle (which rises by corded steps) opposite to the en- 
trance, is a portico extending the whole breadth of the quadrangle,'' and 45 ft. in 
Qepth. It has three ranks of columns, containing six in each rank, is covered by a flat 
t'oof, and is enclosed by walls on three sides, the fourth, or that opposite the entrance, 

n o 
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being open. Tliis Is, however, closed breast high by a species of pedestals half insertea 
in the columns, and in the central intercolumniation a doorway is constructed with pters, 
over which are a hntel and cornice cut through. From this portico a doorway leads 
to an inner vestibule, in which are three ranks of four columns each, smaller than tiiose 
first described, but distributed in the same way. Ueyond this, in Cousin’s plan, are 
sundry apartments, with staircases and passages, whereof the smaller central one was 
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doubtless the cell. F,g 51 is a longitudinal section. Fig 52 is the elevation. We 
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may here add, ti.at there is so little difference between the earlier and later speci- 
mens of Egyptian arciiitecture, that though, as we have hinted, this is of the latter, it 

will convey a pretty correct know- 
ledge of all, 'File general appear- 
ance of the temple is given in Jtg, 
51., and a view of the interior m 
54. The plan of the Egyptian 
tcMTiple is always uniform, symine- 
tiical, and rectangular. Its most 
brilliant featuic is the great num- 
ber of columns employed, in which 
IS displayed a prodigality unap- 
proached by any otlier nation. This, 
however, was induced by the ne- 
cessity for employing blocks of stone 
for the ceilings or roofs. The 
greatest irregularity occurring in any 
of the plans known, is in that at tlie 

i. .cry evident that the cause the shape of the groundon 

tercoliimniations were very small, 
rarely exceeding a diameter, or one 
diameter and a half of the column. 
We know of no specimens of pe- 
ri^pteral temples similar to those of 
Greece, thot is, those in which 
the cell is surrounded by columns. 
In the elevations of those of Egypt, 
the spirit and character of their 

developed. But they are monotonous. TIic repetition'of Thrim T"® 
the utmost pitch of tolerance. The pyramidal form prevails in all the coinbrnat'*’ 
in walls, d^rs. general masses, or demils. In eonsKg SrlLi-Tp^ToT 
tions, the first feature that presents itself is the column, which we will notierLill . T 
attendant base and capital. If it were possible to establish asvRfitm rAlafi * 
tion and subsequent perfection, we might easily arrange them in^stinct clasIfV*^ 
respects their decoration ; but as far as regard irenc^al fo!^ ^ “ 

redu^ced to two varieties, the circular and polygonal, llie first are^of^two^sort” 

Kre found quite plain or smooth, but ornamU'd with (1^ S*. tZ 
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•re composed with laiiges of horizontal circles, and look like an assemblage of bundles 

t of rods tied together at intervals. The only difference among tliose 
columns which are circular and plain is in their having hierogly- 
phics, or not. Of the second sort there are many varieties, of which 
we here present three specimens ( fig, 57. ). They have the appear- 
ance of being bound together by hoops, like barrels. These are usually 
in three rows with four or five divisions in each ; but these arrangev 
ments seem to have been subject to no certain laws. The species of 
columns in <iuestion is certainly curious, and appears based Upon the 
imitation of stems of trees bound together, so as out of a numl)er to 
form one strong post. It seems scarcely possible that they could 
have had their origin in mere whim or caprice. Many poiygoiutl 
columns arc to he found in Egypt. Some sipiare specimens are to 
FiK. S€. COLUMN!. Ijg grottos at 'I'hebes cut out of the rock itself. Simi- 

lar examples occur at the entrance of the sanctuary of a temple in the same city. Ilexa- 

I jmT| nn gonal ones are described by Norden, and I’ocoeke mentions one of a 
^ ■II triangular on the plan. We do not at present rcmeinl>er any 

II In specimen, except in the tombs of lleni-Hussan, of which a 

III representation will be given in the section on Grecian architecture. 
■II III 'i'iieir character is shortness and thickness. 'I'liey vary from three to 
eleven feet in diameter, the la.st dimension being the largest diameter 
I is. 67. ""AKik. Pococke observed, as in height the tallest was forty feet. Such 

were some of those he measured at Carnak and laixor, but this he gives only as an ap- 
proximation from the circumstance of so much of them being buried in the earth. 

78. Pilasters, ])roj)erly so called, are not found in Egyptian architecture. The base of 
the column, when it appears, is extremely simple in its form. Among the representations 
in Denon's work is one in which the ba.se is in the shaj»e of an inverted ogee. It belongs 
to a column of one of the buildings at Tentyra, 

79. In their capitals, the Egyptians exhibited great variety of form. They may, how- 
ever, be reduced to three sj)ecies, — the sijuare, the vase-formed, and the 
swelled. The first (fig. 58.) is nothing more than a simple abacus, merely 
placed on the top of the shaft of the column, to which it is not joined by the 
intervention of any moulding. This abacus is, however, sometimes high 
enough to admit of a head being sculptured thereon, as in the annexed 
block. It floes not appear, as in Grecian architecture, that in that of Egypt 
differently projmrtioned and formed columns had different capitals assigned 
to them. The notion of imparting expression to architecture by a choice of 
forms of different nature, and more or le.ss complicated according to the 
character of an order, was unknown in Egypt. It was an architectural 
language which the people knew not. ’llie vase-shaped capital (fig. 59.) 
Pi«. 'is. CAPITAL jg variously modified ; sometimes it occurs quite plain ; in other cases it is 
differently decorated, of which we here give two examples. It certainly has all the appear- 

“ ance of having afforded the first hint for the 

Corinthian capital. The third 
i iIiimJI or swelled capital is also found in many 

varieties ; but if the form be not founded 
■mI Hill on that of the bud of a tree, we scarcely 
Fir. .vj. V AM ANo crniNR tHAPRO CAPITA! «, kuow wherein its original type is to be 

sought. Two examples of it are here appended. 

80. 'Hie entablature, for such (however unlike it be to the same thing in the architecture 

of Greece) we suppose we must call the massive 

loading placed on the walls and columns of 
ancient Egypt, is very little subdivided. The 
upper part of it, which we may call the cornice, 
projects considerably, having a large concave 
member, in some cases consisting of ornaments 
representing a series of reeds parallel to each 
Fix. so. urrAnLATuxB. Other from top to bottom ; in other cases in 

groups of three or six in a group, the intervals between them being sculptured with winged 
globes, as on the portico of the temple at Tentyra, given in fig. 60. Sculptures of 
animals, winged globes, and scarabici, are the almost constant decorations placed on what 
may be called the architrave of the Egyptian temple. Of the winged globe, usually 
found on the centre of it, as also of the great concave cornice, 61. U a representation. 

We close our observations on the cor- 
nices of the Egyptian temple by request- 
ing the reader, if he have the smallest 
6u . wuNWD auMus doiiht on the common origin of the arclii- 
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tenure* of ond Porscpolis, to refer to jig. 2()., where he will find a precisely 

similar use of the great ca\etto which crowned the buildings of both countries. Ihe 
writer who, in the Descnptton Ahrtqte dts Monmnens dt hi Haute KgypU has found that 
this great curve is borrowed from the bending leaves of the palm tree, has mistaken the 
elements of decoration for substantial constructive art, and has forgotten that the first object 
fi:)llows long after the latter. Rut we doubt if he really meant what his words import. 'J'he 
ceilings of Egypt are invariably monotonous. 'I’lie non-use of the arch, whereon we have 
touched in a preceding page, and the blocks of stone which the country aftbrded, allowed 
little scope for display of varied foi m In the colonnades of the country, architraves of stone 
rest on the columns (see jig. .04 ), on which transversely are placed those which actually 
form the ceilings, just like the floor boards of a modern economical English building. On 
them are often found some of the most interesting representations that are in existence . 
we allude to those of the zodiacal constellations disposed circularly about the centre of the 
Upartraents ill wliuh they are placed ihougli iiotliing tias been deduLtd fioiii these to 
satisfy us on tlie date of their continent buildings, they are not the less worthy of further 
investigation, which, however, it is not our proiiiice h»*re to pur‘.iie 

«l. 'J'he gates and portals of the I'gijitian temples were either placed, as at Carnak 

and Luxor ( iigs. G2. and 6.3.), in 
masses of inasonrj, or between 
columns, as already noticed, in- 
clined upwards, liaving generally 
a reed moulding round them, and 
the whole crowned with a large 
cavetto. Tlicy were plentifully co- 
vered with hieroglyphics ; fre- 
quently fronted by a pair of obe- 
lisks ; and on their sides were placed 
staircases of very simple construe* 
tion, leading to platforms on their 
summits. It is now difficult to 
account for the extraordinary la- 
bour bestowed on those masses of 
masonry. More than pictorial ef- 
fect must have been the moti\e. 
'riic reader will, by turning back 
t ) iig 52 , be equally surprised 
with ourselves when be contem 
plates, in the gateway at the 'lem- 
ple of Apollinopolis Magna, such 
'file masses in these are always ])y- 
an 1 bear great resemblance to the 
gates of m idem fortifications. Sometimes 
they are extremely simple, and do not rise so 
high as the adjacent buildings which flank 
them. Their thickness is enormous, some 
of them extending to the extraordinary depth 
of fifty feet 

82 'Window-, were not frequently used. 
When they occur they are long small paraU 
lelograms, rarely ornamented, but s])layed 
inside. Many o‘'tbe apartments were with- 
out windows at all. 

83. We have, in a previous page, alluded to 
the Pyramids ; to wliich we here add, that, 
whatever might have been their purpose, it is 
certain that tlie form adopted in them — one 
that, among other people, was devoted to the purposes of sepulture — was of all architectural 
forms that calculated to ensure durability, and was, moreover, well suited to the views of a 
nation which took extraoi dinary means to preserve the body after life, and expended large 
sums on their tombs. 

84. Ornament or Dfcoration may be considered under two heads, — that which con- 
sists in objects foreign to the forms of the edifices themselves, such as statues, obelisks, 
&c. ; and that which is Actually affixed to them, such as the carving on the fViezes, bas- 
relieft, &c. 

85, The former of these are remarkable for the size and beauty of the materials whereof 
they are composed. First for notice are their statues of colossal dimensions, which are mostly, 
if not always, in a sitting attitude. Ihe two here given {jig. 64. ) are from the Memnonium. 
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Th«jr are jjencratly isolated, and placed on aimpte pedestals. The use of Caryatides, as 

they are called’, perhaps improperly, iii 
Egyptian architecture, if we may judge 
from remains, does not appear to have 
been very frequent. In the tomb of 
Osymandyas, we find, according to Dio- 
dorus, that there was a peristylium, 400 
feet square, supported by animals 16 
cubits high, each in one stone, instead 
of columns. I'he same author (voL i. 
f. 56. ed. Wesseling), speaking of Fsam* 
meticus, says, “ Having now obtained 
the whole kingdom, be built a pro- 
pylfciim, on the east side of the temple, 
to the God at Memphis ; which temple he encircled with a wall ; and in this propylsum, 
instead of columns, substituted colossal statues 12 cubits in height.” Statues of sphinxes 
in allies or avenues were used for ornamenting the dromos of their temples. Of this species 
of ornament the ruias of Thebes present a magnificent example. They were placed on 
plinths facing one another, and about ten feet apart. Examples of lions also occur. The 
form of the Egyptian obelisks is too well known to need a description here. They liave been 
alleged to be monuments consecrated to the sun. From the situation tliey often oecujiy, it 
is clear they were used neither as gnomons nor solar quadrants. 

86. Amongst the ornaments affixed to their 
buildings, or rather forming a part of them, 
the most frequent are hieroglyphics and bas-reliefs. 
The custom of cutting the former upon almost 
every building was, as we now find, for the pur- 
pose of record ; but it is nevertheless to be consi- 
dered as ornamental in effect. The figures that 
are sculptured on the walls of the temples are 
mostly in low relief, and are destitute of propor- 
tion ; and, when in groups, are devoid of senti- 
ment, Painting was another mode of decoration, 
'ilie grottoes of tlie 'I’liebaid, and other subter- 
ranean apartments, abound with pictures, not 
only of hieroglyphic.s, hut of other subjects. Put 
the taste of all these, either in drawing, colour- 
ing, or composition, is not better than that of their 
sculpture. (See an example in Jif/. 65,) Yet in 
both these arts, from the precision with which 

they are cut and the uniformity of line and pro- 

Fi^jjK^^ypMTATioN TO osiRFf. poftlon thcy exhibit, a certain effect is produced 

which is not altogether disj)leasing. 

87. xnenymplifca lotu.s, or water lily, seems to have been the type of much of the orna- 
ment u.sed for the purpo.se of decoration. The leaf of the palm tree was another object of 
imitation, and is constantly found in the capital.s of their columns. I'lie use of the palm 
leaf in this situation may have been derived from a popular notion mentioned by Plutarch, 

( S(/mjw8iac. lib. vi, cap. 4. ), that the palm tree rose under any weight that was placed u])on 
it, and even in proportion to the degree of depression it experienced. This supposed pe- 
culiarity is also mentioned by Aulus Gellius (lib. iii. cap. 6.). The reed of the Nile, 
with its iiead, enters into some combinations of ornament, and moreover fashioned into 
hniidles, seems to have lieen the type of some of the species of their columns. In their 
entablatures and elsewhere, animals of all sorts occasionally find a place as ornaments, even 
down to fishes, which occur in a frieze at Assouan ; and, as we have before observed, there 
are few buildings of importance in which the winged globe does not appear as an orna- 
ment. 

88. Some observations on the taste, style, and character of Egyptian architecture, will 
conclude this section. If the type was, as we imagine, derived from the early subterranean 
edifices of the people, whose customs allowed of no change or improvement, we cannot be 
surprised at the great monotony that exists in all their monuments. The absence of variety 
in their profiles, by means of projecting and re-entering parts, of the use of the arch, of the 
inclined roof, and of all deviation from those shades of different developments, which 
impart character to a work of art, generated the monotony, the subject of our complaint. 
It cannot be denied that in those arts which have nature for their model, the artists of Egy pt 
never sought excellence in true representation. Now architecture is so allied to the other 
arts, ,that the principles by which they were guided in these Utter were carried through in 
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itie formw. It wag impossible that the abstract imitation of nature, winch constitutes 
almost the essence of architecture, which is founded upon the most refined observations of 
the impressions of different objects on our senses, which indicates numberless experitnents 
and successive trials, and which therefore requires the independence of the artist, could be 
developed in a country where the restrictions of relij?ion and the spirit of routine became 
the dominant genius of all tlie arts. In positive imitation, whose existence and principles 
have been already traced from grottoes and hollowed subterranean apartments, the types of 
Egyptian architecture wore unsusceptible of variety, and very remote from that which 
characterises invention. The monotony thence resulting was attended by another effect, — 
that of endeavouring to correct it by a profusion of hieroglyphics. As to the other orna- 
ments employed, they seem to have flowed from caprice, both in selection and employment, 
resting on no fixed principles of necessity or fitness, nor subject to any laws but those of 
chance. The original forms, indeed, of Egyptian architecture, unfounded, like those of 
Greece, on a construction with timber, would not suggest the use of ornament. Nothing 
.seemed fixed, nothing determined by natural types. We must, however, except some of 
their columns, which do appear to have been formed with .some regard to imitation. 

89. In the architecture of Egypt we find great want of proportion, or that suitable ratio 
which the diflferent parts of a body should bear to each other and to the whole. In all or- 
ganised beings, their parts so correspond, that, if the size of a .single part be known, the 
whole is known. Nature has thus formed them for the sake of dependence on and aid to 
each other. In works of art, the nearer we approach a similar formation, the more refined 
and elegant will be its productions. Solidity is abused in the works of the Egyptians ; the 
means employed always seem greater than were necessary. This discovers another cause 
of their monotony. The masses of material which the country produced measured their 
efforts and conceptions, and their invention was exhausted by a very restricted number of 
combinations. Their monuments are doubtless admirable for their grandeur and solidity ; 
hut the preponderance of the latter, when carried beyond certain bounds, becomes clumsi- 
ness ; art then disappears, and character becomes caricature, lliough we think it useful 
thus to analyse Egyptian art, it must not be supposed that we are insensible to its imposing, 
and often picturesque, effect. It can never be revived, and our observations upon it must 
be understood as in comparison with Greek art, which has proved so susceptible of modi- 
fication that it is not likely to be abandoned in any part of the world where civilisation 
has appeared. 


90. Though the private dwellings of the Egyptians were not comparable with their pub- 
lic edifices, they were not altogether devoid of splendour. Examples of them from sculp- 
tures tnay be seen in oir G. Vvilkiuson's work above quoted. In ti.e towns they of course 
in size and plnn. The streets were narrow and laid out with regularity ; and the 
tmxture, as frequently met with in eastern towns, of large houses witli low hovels, appears 
to have been avoided. In 'I'hcbes, the numher of stories were, according to Diodorus, in 
some cases as much as four and five. Houses of small size were usually connected together, 
rarely exceeding two stones. They were regular in plan, the rooms usually occupying three 
sides of a court-yard, separated by a wall from the street; or on each side of ui«»,ssage 
from a similar entrance court. The court was sometimes common to sevcrallMhlMai^tarire 
iiiansion.s were detached, having often diffeimt entrances an their several ..Wes, SSrtals 
very similar in form to those of their temples, lliesc portals were about 12 or IS ft. high 
and on each side was a smaller door. Entering through the porch, the pa-ssage was into an 
open court wlmrcin was a receiving room for visitors, and this was supported by columns, 
and closed m the tower part by intercolumnal panels. On the opposite side of the court 
was another door, by which the receiving room was entered from the interior. Tl.ree doors 
led from this court to another of larger dimensions, ornamented with trees, communicating 
Dll the right and left with the interior parts of the building, and having a back entrance The 
arrangement of the mtertor was the same on each side of the court ; six or more chambers, 
whose dwrs faced each other, opened on a corridor supported by columns on the right and 
left of the area, winch was shaded by a double row of trees. A sitting room was placed 
at the upper end of one of these area.s opposite the door leading to* the grert court- 
and over this and the chambers were the apartments of the upper story. On each side of 
the sitting-room was a door opening on to the street. Of course there were houses on 
other plans, which are given by Wilkinson; but the above conveys a sufficient idea of 
their general distrib^on. On the tops of the houses were terraces, serving as well for 

Were formed 

Mito compartments with appropriate borders. Some of their villas were on a very Uige 
were laid out with spacious gardens, watered by canals communicating with the 


91. We close this section with a list of the principal ancient remains in Egypt (for which 
WW are indebted to the ffan^, 1873, by Sir Gardiner Wilkinson), whose situations are 
m»,P (M66.). At Heliopolis, modern name JUalari^ 
(No. 1.), a little to the north of Cairo, the obelisk of Osirtasen I., and the remains of wall, 
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and bovses. Near Cairo, on the weal 
bank, the pyramidt {fig, 46.) of Geezeli 
(No 2.), Sakkarah and Da&hnor. At 
Mitrahenny, on the east bank (No, 3.), 
a colossus of Rameses 11. ; the mounds 
of Memphis, fragments of statues, and 
remains of buildings. About thirty- 
eight miles above Cairo, are the mounds 
of Aphroditopolis ( No. 4. ) ; and on the 
opposite bank a false pyramid. At 
seventy-three miles on the west bauk is 
Benisouef (No. 5.), Hhere a road leads 
to the Fyoom ; a Irick pyramid at Ilia* 
boon (No. 6.), another at Hawarah 
and traces of the Labyrintll ; an obelisk 
of Osiitascn I. at Biggig; irith ruins 
near Lake Moeris, and at Kasr el Kha- 
roon (No. 8.). Mounds at Aboo Girgeh 
(No. 9 .), from uhc-nce a road to Oxy- 
rhincbns {Behnesa) (No. 10.), wheie 
are mounds but no ruins. At Gebel el 
Tayr is an underground church. ' Eight 
miles below Minieh (No. 11.) is Ac6ris 
( Tthneh), on the east hank, where is a 
Greek Ptolemaic inscription on the cliffy 
tombs in the rock with inscriptions on 
the doors, hieroglyphic tablets, &c. On 
the east bank, seven miles above Minieh, 
Korn Ahmar, where are mounds of an 
old town ; at a short distance beyond 
is Metahara with sepulchral grottoes. 
Nine miles further up are the grottoes 
{fig, 90.) of Beni Hassan (No. 12.); 
and about a mile and a half further on 
a rock-cut temple of Bubastis or Diana, 
At Antinoe {Sheylch Aba(ieh\ some 
traces of the town, theatre, streets baths, 
hippodrome, &c., erected by Hadrian, 
At El Bershth or El Dayr^ a grotto, 
M herein is a colossus on a sledge. Her- 
mopolis magna, on the west bank ( OaA- 
moonnyn) {'So 13.), only tombs. Not far 
away is Gebel Toona with mummy pita 
and statues in high relief. At Saeed or 
Upper Egypt (No. 14.), the mountains 
recede to the eastward, leaving the river; 
a little beyond the village of Tel el 
Amarna, are catacombs, and to the 
north of which are the remains of a 
small town, and to the .south the ruins 
of the city, having houses built of crude 
brick, from which a mor^ correct idea of 
the ground plans can be obtained tlian 
any in the *valley of the Nile. To the 
east are grottoes- with sculptures; and 
on the summit of the hills an ala- 
baster quarry. At £1 Hareib (No. 
15.), the ruins of an old town. At 
Asyoot (Lycopolis) (No. 16.), are 
tombs. At Gow (Aniaeopolis), a few 
stones of the temple close to the river. 
At Sheykh Nereedee^ small caves; and 
a statue of a roan clad in the Roman 
toga at the base of the mountain cut 
out of the rock. West of Soohag (No. 
17.}, is the old town of Athribis, where 
is a ruined telhple, with extensive 
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nwund'^', and rock-cat tombs Opposite is EMmeen (PutiOfioUs) (No, 18.), On*ek inscrip 

tion of Temple of Pan, and remains 
of other stone bin Idi tigs. Ex ten ^ 
sive mounds at ' Menshi^eyah (No, 
19) (Ptoleinais HenniiJ; twelve 
miles south from Oirgcb, is Abydtis 
(.irabat el Mutjoon)^ where are two 
teinpies and many tombs. //ota 
(Diospolis parva), a few mounds 
Ihndtrah (No. 20.) (Tentyra) has 

Fla.6r. TKHPLF AT TENTYRA. IWO tcMHpIes 67. Hod 68.), 10- 
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Bpription*-, zodiac, &c. At Knft (Coptos), on east sidw% ruins of the old town, a pillar, and of 

bank, four miles l)e\ond, is El Kab 
Fig.68. iNTKiiioa OF TEMPLE A1 lENrYiiA. ( Eilfithy iRs), tuins of a \ery ancient 

town; the temples lately destrojcd; giottoes in the mountain; and a short distance 

1 up the valley three small tern- 

j r « on .C liuopolis magna), has tvio tem- 
rjltj ^ cleared 1864 

^ W t 50. to 54) At Gebtl Sil.ileh, 

Bfe - ‘ ^ banks, are tlie 

quai'ths. At Korn- 

i ^ ^ (^uihos) are 

• - tempks, and a stone gate- 

ro«TKo'7T';S>;„‘ way in a crude briek wall on 

. . , the east side of the inelosure, 

fihowing an earlier temple. At Assoonn (No 28.') (Syene), rums of a small Roman temple, 
columns, and granite qiianies, in one of ^^hkh is a broken ob.di^k. Island of Eleplianta, 
opposite to Assooan, is a ])art of the Kilometer, with Greek inscriptions relating to the rise 
of the Nile ; a quay, and a granite gateway. At Finite ( No. 29 ) temples (jia 55.), and 
rums. On the 1‘Jand of Biggeh. opposite Philte, a small ruined temple, tablets, &c 

Nubia, temples at Dabod (No. 30.) (Paremhole), and at Kalabshh (No. SI.) 

( lalinis), apparently tlnown down before it sias completed. To the north of the last at 
Uayt€l Ire//// a small hut interesting rock-cut temple, of the time v>f Hameses 11. A 
temple at Dendoor (No. 32 ); and one rock-cut, ol the lime ot Rameses II., at Gof 
( lut/is), on west bank. At Wady S.looah (No. 33 ). a teinide of the aamc 
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or Ipaambool (No, 3S.) two Bite temples (Jiffs. 70. and 71.) cut in the rock, of the time 
of Jittmesea II., and tho finest out of the Ihtbvs. Above the last named place there are 
no buildings of importance mentioned by our author. 


Sect. VlII. 

CHINESE ARCHITECTI/KE. 

93. In the first chapter, the re ider will remember, we have said that in the tent is to be 
found the type of this architecture; and one which, M. de Pauw justly observed, cannot 
he mistaken. We are not aware of the utility of a very minute investigation of its style, 
w hich in this country is of no importance, the decoration of gardens with imitations of its 
productions being no longer attempted; but as the object of this work would not be fully 
attained without some account of it, we propose to consider it, firstly, with respect to its 
principles, character, and taste ; secondly, with respect to its buildings, their parts, and the 
method of construction adopted in them. 

94. (1.) To judge of the arts of a people, we ought to be acquainted with the people 
themselves, tlie constitution of their minds, their power, their habits, and the connection of 
the arts with their wants and pleasures. As one man differs from another, so do these differ 
among nations. The desire of improving on what has been done before us, no less distin- 
guishes nations than individuals from each other. Whatever may be the cause, tins faculty 
does not seem to be possessed by the Chinese. Unlike their Indian neighbours, amongst 
wliom appears an exuberance of invention, the arts of imitation in China have been bound 
in the chains of mechanical skill. Their painters are rather naturalists than artists; and an 
European, engaged on the foreground of a landscape, tells us that the criticism by a native 
ai'tlht on his work was confined to the observation that he had omitted some fibres and sink- 
ings in some of the leaves of the foliage employed in it. Hie political and moral subjection 
of the people seems to have doomed them to remain in timt confined circle wherein long 
habit and repugnance to cliange have enclosed them. 

95. In speaking of the principles of Chinese architecture, the word is used in application 
to those primitive causes wliich gave birth to it, and which, in every species of architecture, 
are the elements of its cluiracter and the taste it exhibits. The imitation of the tent, as w-e 
have before observed, is the true origin of their buildings ; and this agrees with our know- 
ledge of the primitive state of the Chinese, who, like all the Tartar tribes, were nomadic. 
On this is founded the singular construction of their dwellings, which would stand were 
the walls destroyed ; inasmuch as, independent of them, their roofs rest upon timber framing, 
just as though they had surrounded tents with enclosures of masonry. Indeed, from the 
accounts of travellers, a Chinese city looks like a large permanent encampment, as well in 
respect of its roofs as its extent. If, again, we recur to their concave sloped sides, we can 
arrive at no other conclusion ; and though the carpentry of which they are raised has for 
ages been subjected to these forms, when we consider the natural march of human invention, 
especially in cases of necessity, we cannot believe that, in a country where the primitive 
construction was of timber, the coverings of dwellings would at once have been so simple 
and so light. 'I'heir framing seems as though jjrepared merely for a canvas covering. 
Again, we have, if more were wanting, another proof, in the posts employed for tlie support 
of their roofs. On them we find resting nothing analogous to the architecture for receiving 
and supporting the upper timbers of the carpentry ; on the contrary, the roof projects over 
and beyond the posts or columns, whose upper extremities are hidden by tlie eaves; thus 
superseding the use of a capital. A canvas covering requires but a slender support : hence 
lightness is a leading feature in the edifices of China. The system of carpentry (if such it 
can be called) thus induced, will be noticed under the second head ; but we must Iiere 
observe, that lightness is not at all incompatible with essential solidity of construction ; and 
wliilst other materials than those which formed tents have been substituted for them, the 
forms of the original type have been preserved, making this lightness the more singular, 
inasmuch as the slightest analogy between those of the origin^ and the copy is imper- 
ceptible. Hiis change of material prevents in the copy the appearance of solidity, and 
seems a defect in the style, unless we recur to the type. 

96. A characteristic quality of Chinese architecture is gaiety of effect. Tlieir coloured 
roofs, compared by their poets to the rainbow, — their porticoes, diapered with variegated 
tints, — the varnish lavished on their buildings, — > the keeping of this species of decoration 
with the light forms of the buildings, — all these unite in pri^ucing, to eyes accustomed to 
oontempUte them* a species of pleasure which they would with difficulty relinquish ; and it 
seems reasonable that the architecture of £uro)>e roust appear cold and monotonous to men 
whose pleasure in the arts is more dependent on tiieir senses than on their judgment. 

97. Tast(r in art is a quality of vague signification, except amongst those whose lives are 
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passed in its practice ; neither is this the place to say, upon that subject, more than that, in 

the application of ornament or decoration to architecture, it must depend on the method of 
construction. Ihis is not found in that whereof we are writing. Wit/j the Chinese, the 
art of ornamenting a building is an application of capricious finery and patchwork, in which 
grotesque representations of subjects connected with their mythology ollen prevail : yet, in 
this respect, they exhibit a fertility of invention, and produce beautiful abstract combinatioiM 
quite in character with the general forms. Indeed, the parts of their architecture are in 
harmony with each other. Ail is based upon natural principles, and is so adapted to tb« 
few and simple wants of a nation whose enormous population alone seems to render it inde» 
pendent of every other people, that no period can be assigned to the future duration of an 
ardiitecture which, we apprehend, has existed amongst them from the earliest date of their 
dwelling in cities. 

98. (2.) Timber is the chief material in use among the Chinese; that of which the 
country produces, the principal is tlie na«-mo, which, according to some, is a species of cedar; 
others have placed it among tlie firs. It is a straight thick tree, and improves with age. 

De Pauw says that it fnrnislies sticks from twelve to thirteen feet higli, of useful wood; 
but Chambers limits it to a smaller size. Respecting its beauty and duration, all travellers 
agree. Davis (Description of the Empire of China') s-.ys that the nan-mo is a kind of 
cedar, which resists insects and lime, and appears to he exclusively used for imperial dwell- 
ings and temples. It was an article of impeachment against the minister of Kien-loong, 
that he had presumed to use this wood in the construction of his private palace. According 
to Du Halde, the iron-wood, the ly-mo, is as tall as the oaks ot Europe, but is less in its 
trunk, and differs from it in colour, which is darker, and in weight. The author does not 
tell us whether it is employed for columns. The Ue-hii, also called mo-u'dng, or king of 
w'oods, resembles what we call rosewood ; but its use is confined chiefly to articles of fur- 
niture. The tcUu-ise or bamboo, grows to a g eat height in China. Though hollow, it, • 
and capable of bearing great weight. It is employed for scaffolding and shed* 
of all kinds; and the frame-work of their matted houses for theatrical exhibitions is carried 
up with bamboos m a few hours. It is in universal use. The missionaries inform us that 
BRICK has been m use with the nation from the earliest period, and of both species, — burnt 
and merely dried in the sun.^ Cliambcrs de.scribes the walls of the houses built of this 
material as generally eigliteen inelies thick. He .says, the workmen bring up the foundations 
or tliree or four courses in solid work ; after which, a.s the walls rise, the bricks are used in 
the alternate courses as headers and stretchers on the two faces of them ; so that the lioaders 
meet, and thus occupy the whole thickness, leaving a void space between the stretchers • 
they then carry up another course of stretchers, breaking the vertical joints. StoL and 
marbi.e are little employed ; not on account of their scarcity, for tlicy arc abundant nor on 
the score of economy, for they are acquainted with the method of working them, as is proved 
from use pnbi.e bui . lings and ton.bs. Neither ean it arise fr-Tm the difficulty 
svant of acquaintance with the means of transport • for we find in ifii.ir .a • ^ ^ 

blocks introduced for the purposes of ornameift and n the m " 

: rr,:"' r e3! 

not aiqiear to have been a motive for their reicction That is rather t,. f j ■ ^ 
climate, which, especially in the southern parts, would, from the great heat anrm‘^ *'f 
tend to render their houses unwholesome. In the scaflhldinir thfv f 
their buildings, security and simplicity are the p beipaSreJ^n^^^^ ““ 
with skill. It consists of long poles, so inclined ^ to mil ti ’ . unmixed 

without any transverse hearing pieces. ascent easy, and is executed 

99. Tlie police of ardiitecture amonir the rhinPQo ’ic t . , 

jn its practice ; and we cannot refrain from presenting to the rwiderir"’ “ ""S''’" 
imposed upon every class in their several dwellings. i.u eed 

the arts of China. Its laws detail the magnitude and arraimement ’ ^ S"''"" 

palace of a prince of the first, second, or tlifrd degree- for a nohiro/tr'"‘“®‘^ .‘"J' " 
a graudee of the empire, for the priident of a®trlL\nal. fo“a ^ 
classes. They extend, also, to the regulation of the public buildinws of’ •.'*i’ 
cities, according to their rank in the empire. The richest citben 1 

in the state, is compelled to restrict the extent of his house to his ex^t or o'”'* 

and whatever form and comfort he may choose to Jve t^the toto i^t ' 

dwelling towards the street must be in every respectTnsiLnt 

to the primitive laws on this subject, the number of coiirt« f -According 

ground floor, the length of the buildings, and the hdght of the rooT wefe in^ 
ratio from tlie mere bourgeois to the emperor ; and the limitti of progressive 

The ordinary buildings are only a single story hiffh • thp rlim exactly defined, 

many stories. Tlion|h Pekin i^ in thf foS S^ee of^orTatS toe'’",?"*??"'® 
the shopkeepers and manufacturers to sleep in the onen air nndor\h' 

Hottest part of the summer. ^ P ir under their pentiiouses m the 

100. 1-he leou is a building of several stories. Of this sort are almost all the small palaces 
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built by the emperara in their pleasure gardens. The taste for this class of building at one 
period prevailed to such an extent that houses were constructed from }SOft, to 200 ft in 
heightf flanked by towers extending to 300 ft. Though the emperors have, generally, aban- 
doned these enormous buildings, they are still occasionally erected. Most houses of the 
country are so slightly built as to be incapable of bearing more than one story. Indeed, 
the necessity for making the most of an area by doubling and tripling its capacity, which 
exists in the capitals of Europe, does not operate in China. 

101. Th e house s of the Chinese are uniform in their appearance. We here annex the 
' T ""T ' elevation of one (jfps. 72. and 73.) ; from which it will be seen 

"1 that a large portion of the area is occupied by courts, passages, and gar- 
T I OHC dens. Sir W. Chambers describes those of the merchants at Canton as 

U l being, generally, a long rectangle on the plan, two stories high, and the 
apartments divided on the ground floor by a wide passage, which extends 
jBBT through the whole len^h. On the side towards the street the shops 
are placed, beyond which a quadrangular open vestibule leads to the 
private apartments, which are distributed on the right and left of the 
;n o: )assage. Ihere a salon, usually about 18ft. or 20 ft. long, and 20 ft. 

wide, open towards the vestibule, or with a screen of canework to protect 
it from the sun and rain. At the back are doors extending from the 

H floor about half way to the ceiling ; the superior part being of trellis 
work, covered with painted gauze, which gives light to the bedroom. 
The partition walls are not carried higher than the ground story, and 
are lined with mats to the height of three feet, above which a painted 
paper is used. The pavement is of differently coloured stone, or marble 
squares. The doors are generally rectangular, of wood, and varnished 
or painted with figures. &)metimes the communication between apart- 
ments is in the form of an entire circle, which some have compared to 
the aperture of a bird-cage. The 
windows are rectangular, and filled 
in with framework in patterns of 
squares, parallelograms, polygons, and 

circles, variously inscribed in or in- 

tcrsecting each other. The railwork 
14 to the galleries is similarly orna- 
^ mented. The compartments of the 

1 windows are generally filled in with 

""* * a transparent oyster shell instead of 

I 1 - i soyn glass. The upper floor, which oc- 

F,g.72. on.n.irDM,AN. CUpiesthe wliolc breadth of the F.r. 73. ok a houm. 

house, is divided into several large apartments, which are, occasionally, by means of tem- 
porary partitions, converted into rooms for visitors, apart from the family. The sleeping 
rooms for the people connected with the business are over the sljops. The roof stands on 
wooden columns ; and its extremities, projecting beyond the walls, are usually decorated 
with the representation of a dragon. 

102. In the system of carpentry practised by the Chinese, the columns and beams look 
^ more like the bars of a light cage than the supports and ties of a solid piece of 
framing, or like a collection of bamboos fastened to one another. The acconi- 
panying diagram 74.) will convey our meaning to the reader. Their 
^ columns vary in their forms and in their proportions from eight to twelve 

^ o diameters in height, and are without capitals. They are generally of wood, 

standing on marble or stone bases, and are occasionally polygonal as well 
as circular. Some arc placed on moulded bases. 

103. The palaces are constructed on nearly the same plan. Nothing, say 
the missionaries of Pekin, gives a more impressive idea of a palace and the 
greajtness of its inhabitant, whether we consider its extent, symmetry, eleva- 
_ tion, and uniformity, or whether we regard it for the splendour and magnifi- 

cence of its parts, than the palace of the emperor at Pekin. Tlie whole, they 
say, produced an effect upon them for which they were not prepared. It 
Fi*. 74 . coi.uMN AND occupies an area of upwards of 3600 ft. from east to west, and above SOCX) ft. 

i*oM-i-ij(CK. north to soutli, without including the three fore-courts. Mr. Barrow, 

in his Account of Lord Macartney s Embassy, describes it as a vast enclosure of a rectangular 
form, surrounded by double walls, having between them ranges of offices, covered by roofs 
sloping towards tiic interior. The included area is occupied by buildings not more than 
two stories higli, and forming several quadrangular courts of various sizes, in the centres of 
'vhich are buildings standing on granite platforms, 5 ft. or 6 ft. high. These are sur- 
rounded by columns of wood, which support a projecting roof turned up at the angles. 
One of these buildings, serving as a hall of audience, stands like the rest on a platform, 
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its imriectiiiff roof Is supporter! hy a doiiWc roiv of aroor cn column^ the mterfuk betw^ 
irliich. in cacl. rore. are filled with brickwork to the height of 4 ft. ! the part above the 
wall being filled in with lattice work, covered with transparent paper. .Hie courts we 
intersected by canals spanned by several marble bridges. The gateways of the miwlrangles 
are adorned with marble columns on pedestals, decorated with dragons. Tlie courtt 
contain sculptured lions 7 ft. or 8 ft. high ; and at the angles of the building, surrounding 
each area, are square towers two stories high, crowned with galleries. Ihe reader will 
find a delineation of this citraordinary building in Cousin’s work, /Ja Ceaie de L Arcfutec- 
ture, 4to, Paris, 1822, pi. 26. Hie peristylia of the interior buildings of the palace are 
buik upon a platform of white marble, above which they are raised but a few steps ; but 
tliis platform is reached by three flights of marble steps, decorated with vases and otliel 


ornaments. . „ , . j . 

104. It is said that there arc 10,000 mmo, or idol temples in Pekin and its environs. 
Some of these arc of considerable size, others are more distinguished for their beauty ; there 
IS, however, no sufficient account of them, and wc shall therefore proceed to those of Canton, 
which have been described by Chambers. He says that in this city there are a great num- 
ber of temples, to which Europeans usually apply the name of pitgoda. Some of these are 
small, and consist of a single chamber ; others stand in a court surrounded by corridors, at 
the extremity of which the ting, or idols, are placed. The most extensive of these pagodas 
is at Ho-nung, in the southern suburb of Conan. Its interior area is of the length of 590 ft., 
its width 250 ft. Tliis area is surrounded by cells for 200 bonzes, having no light but wluit 
is obtained from tlie doors. The entrance to the quadrangle is by a vestibule in the middle 
of one of the short sides ; and at the angles are buildings 30 ft. square, in which the principal 
bonzes reside. In the middle of each of the long sides is a rectangular area, surrounded by 
cells, one containing the kitchens, and refectories, and the otlier, liospitals for animals, and a 
burying ground. 'Die great quadrangle contains three pagodas or pavilions, each 3.3 ft, 
square on the plan. They consist each of two stories, the lowest whereof is surrounded by 
a peristyle of twenty-four columns. The basement to each is 6 ft. bigli, to which there is a 
flight of steps on each side, and the three basements are connected by a broad wall for the 
purpose of communication between them, with steps descending into the court, 'fhe roofs 
of the peristylia are concave on the exterior ; and the angles, which arc curved upwards, are 
decorated with animals. 'J'he sides of the upper .story are formed with wooden posts, filled 
in with open framework. Uoui4 the foot on the exterior is a balcony with a rail in front. 
The roof resembles that of tlie peristyle, and has its angles similarly ornamented. The 
buildings arc all covered witii green varnished tile.s. 

105. The Chinese towers, which also lutropeans call jiagodas, are very common in the 
coirtUry. The most eelehrated, whereof a diagram is presented here (Jig. 75.), is thus 

described by P. Le Comte. Its 
form on the plan is octagonal, 
and 40 ft. in diameter ; so tliat 
eacli side is full 16^ ft. Jt is sur- 
rounded by a wall at a distance 
of 15 ft, bearing, at a moderaUi 
lieight, a roof covered with 
nished tiles, which seems to 
out of the body of tlie tower, 
forming a gtSkff below. The 
tower consists of nine stories, 
each ornamented with a cornice 
ot 3 ft. at the level of tlie win- 
dows, and eacli with a roof si- 
milar to that of the gallery, ex- 
cejit that they do not project so 
much, not being supported by u 
second wall. They grow smaller as the stories rise. Tlic wall of the ground story is 12 ft:. 
thick, and 8^ ft. high, and is cased with porcelain, whose lustre the rain and dust have mucli 
injured in the course of three centuries. The staircase within is small and inconvenient, the 
risers being extremely high. Each floor is formed by transverse beams, covered with planks 
forming a chaml)er, whose ceiling is decorated with painting. The walls are hollowed for 
numberless niches, containing idols in bas-relief. The whole work is gilt, and seems of 
marble or wrought stone ; but the author thinks it of brick, which the Chinese are ex- 
tremely skilful in moulding with ornaments thereon. 'ITie first story is the highest, but the 
rest are equal in height. » I covnted,*^ says M. Le Comte, “ 190 steps, of ten full inches 
each, which make 158 ft. If to this we add the height of the basement, and that of the 
ninth story, wherein there are no steps, and the covering, we shall find that the whole 
exceeds a height of 200 ft- The roof is not the least of the beauties which this tower boasts. 
It consists of a thick mast, whose foot stands on the eighth floor, and rises thirty feet from 
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the otit^e of the builiiiug. It Appears enf eloped in a large spiral band of iron, clear by 
several feet from tbe pole, on wiwse apex is a gilt globe of estraordinary dimetmons* 

106. The word tower has been vaguely applied to all these buildings ; but in China 
there are ditfurencea in their application, which are classed under three heads s — 1. Tm, or 
plaiforma for astronomical or meteorological ohservationa, or for enjo^ring the air and land- 
scape. S. Hou, such as that just desciibcd in detail, being edifices of several stories, isolated 
.and circular, square and polygonal on the plan, built ofdiffcrent materials in different {daces. 
S, Ta, which are sepulchral towers ; these are usually massive, of strange but simple forms. 

107. *I*he Pay~l ou, or triumphal arches of the Chinese, are to be found in every city. 
They arc erected to celebrate particular events. Those at Ning^po are with a central and 
two smaller side openings, and are ornamented with polygonal stone ccdumiis, supporting 
an entablature of three or four fasciae These are usually without mouldings, the last but 
one excepted, which is a species of frieie filled with inscriptions. Tliey aye crowned 
with roofs of the usual form, having broad projections, whose angles are turned upwards. 
'n>e apertures are sometimes sf|iiare, and sometimes circular headed. 

108. China abounds in bridges; but Du Halde and tlie missionaries have made more of 
them in their accounts than they appear to deserve. What they have de^oribed as a bridge 
of ninety- one arches between Soo-chi»w and HAng-chow, wa? passed by I^ord Macartney, and 
found to be nothing more than a long causeway. Its highest arch, however, was sup|>osed to 
be between L’O ft. and 30 it. biy'h ; the length about Haifa mile. Sir George Staunton (Vbl. ii. 
p. 1 77.) observed a iiridge hich np|)eared to be skilfully constructed. They were acquainted 
with the use of the arch composed of wedge-shaped voussoirs, perhaps before it was known 
in Europe. Their great wall is a remarkable monument. In most paits it consists of an 
earthen mound retained on each side by walls of brick and masonry, with a terraced plat* 
form and a parapet of bricks. Its height is 20 ft. including a parapet of 5 ft. The 

thickness at the base is 25 ft, 
and it diminishes to 15 ft. at the 
platform. Towers, at intervals of 
about 200 paces, are 40 ft. square 
at the base, and 30 ft. at the top; 
their height is about 37 ft. ; some 
of them, however, are 48 ft high, 
and consist of two stores. (See 
Jig. TO.) In other parts the wall 
is little better than an earthen 
parapet with a ditch; in some 
places only rude stones heaped 
up. It extends a length of 1500 
miles, and is conducted over mountains, >alieys, and rivers. Mr. W, Simpson, in the Papers 
of the Inst of Brit. Architects 1873-74, carefully describes the important scries of the 
Ming tombs, dating 1425-162S. Many works have been published of late on Chinese 
and Japanese architecture and ornament 



SEcr IX. 

MEXICAN AKCHITECTUKE. 

109. "Die architecture of the people who had posses.sion of America before its discovery 
by Columbus has a considerable claim upon our attention. When a people appears to have 
had no means of modelling their ideas through study of the existing monuments of older 
nations, nor of preserving any traces of the style of building practised by the race from 
wliicli they originated, their works may lie expected to possess some novelty in the mode of 
combination or in the nature of the objects combined ; and, in this point of view, American 
nrchitccture is not without interest. It is, moreover, instructive in pointing out tlic bent 
of tlie human mind when unbias.sed by example in the art. 

1 10. North America was found by the Spaniards advanced in agriculture and civilisation, 
and more especially so in the valleys of Mexico and Oaxaca. "Diese provinces seem to have 
been traversed by different migratory tribes, who left behind them traces of cultivation. It 
is not our intention here to discuss the mode of the original peopling of America ; but we 
must, in passing, observe that the vicinity of the continents of Asia and America is such as 
to induce us to remind the reader that one of the swarms, which we mentioned in the 
section on Druidical and Celtic Architecture, migjit have moved in a direction which ulti- 
mately brought them to that which, in modern times, has received the name of the New 
World. The Toultecs appeared in 648, making roads, building cities, and constructing 
great pyramids, which are yet admired. They knew the use of hieroglyphical paintings. 
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funded metals, and were able to cut the hardest stone. AVip Sptitn*) ^ he Aztecs 

appe,ired in 1 1 96, and seem to have had a similar origin and language. Their works, though 
they attest the infancy of art, bear a striking resemblance to several monuments of the most 
civilised people, l^he rigid adherence of the people to the forms, opinions, and customs 
which habit bad rendered familiar to them, is common to all nations under a religious 
and military despotism. 

III. 'rhe edifices erected by the Mexicans for religious purposes were solid masses of 
earth of a pyramidal shape, partly faced with stone, ^fhey were called I'eocallit (Housei 
of God). Tliat of ancient Mexico, 518 ft. at the base and 121 ft. in height, consisted 
of five stories ; and, when seen at a distance, so truncated was the pyramid that the monu- 
ment appeared an enormous cube, with small altars covered by wooden cupolas on the top. 
llie place where these cupolas terminated was elevated 177 ft. above the base of the 

edifice or the pavement of the 
enclosure, llcnce we may ob- 
serve that the Teocalli was very 
similar in form to the ancient mo- 
nument .of Babylon, called the 
Mausoleum of Helus. The pyra- 
mids of Tcotihuacan (^<7. 77.), 
which still remain in the Mexican 
Valley, have their faces within 52 
minutes of a degree of the cardi- 
nal points of the compass. Their 
, . interior is clay, mixed with small 

stones. Inis kernel is covered with a thick wall of porous amygdaloid. Traces are 
perceived of a bed of lime, wliich Sirilernally covers the stone. 

112. 1 he great pyramid of Cholula {fig. 78.), tlie largest and most sacred temple in 

Mexico, appears, at a distance, 
like a natural conical hill, wooded, 
and crowned with a small church ; 
on approaching it, its pyramidal 
form becomes distinct, as well as 
the four stories whereof it consists, 
though they are dovered with 
vegetation. Humboldt compares 
it to a square whose base is four 
^ times that of the Place Vendoine 

at 1 ans covered witli bricks to a lieight twice that of the I..ouvre. ITie height of it is 177 ft., 
and tlie length of a side of tlie base 1423 ft., lliere is a flight of 1 20 steps to the platform. 
Subjoined is a comparative statement of the Egyptian and Mexican pyramids ; 




Dimensioni. 

l-GYPTIAN. 
APTER rEKllINQ. 


Mexican. 

Height In feet - - 1 

Length of base in foet 

Cheops. 

480 

704 

! 

Chcpher^l Mycerinus, 
454 ( 218 

707 1 364 

Saccara 
(of fi\e stories) 
150 

210 

Teotihu- 

acan. 

171 

645 

Cholula. 

172 

1555 


pie Clioliila pyramid is constructed with uiiburnt bricks and clay, in alternate layem. 
As m other Ttocallin, there are cavities of considerable size, intended for sepulchres. In 
cutting tlirougb one side of it to form the present road from Vuebla to Mexico, a souarc 
cliamber was diwovered, built of stones, and supported by beams of cypress wood. Two 
peletons were found in it and a number of curiously painted and varnished vases. Hum- 
boldt, on an examination of the ruins, observed an arrangement of the bricks for the purpose 
of diminishing the pressure on the roof, by the sailing over of the bricks horizontally. The 
area on tlie top contains poo square yards, and was occupied by the Temple of Quetzal- 
coatl, the God of Air, who has yielded his place to the Virgin. By the way, we may here 
maition that tumuli are femnd in Virginia, Canada, and Peru, in which there are galleries 
built of stone communicating with each other by shafts; but these are not surmomted by 


1 13. In tlK northern part of the intctdancy of Vera Cruz, west from the mouth of the 
Rio Tecolutl^ two leagues disUnt from the great Indian village of Papantia, we meet 
with a pyramidal edifice ^ great antiquity. The pyramid of Papantia remained unknown 
to the first conquers. It is seated m the middle of a thick forest, and was only discovered 

by 80in« bun^, about the year 1816. It is constructed of immense block, o^tX Sid 
in mortar; but is not so remarkable for its size as for its form and the perfection of its 
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Atepn to tho tfunca^ ^tjiTCitnU Like mJI the Mexican ieocaUii, It n compcMed o# 
xti^eB, MX whereof M Milt dintinguubabie, and a aerenth appears to be concealed by the 
ve^tatjon witli arhicli its sides are covered. ITie &cing of the stories is ornamented’ 
s'itli biarogtyphi^ in which serpents and crocodiles, carved in relievo, are discernible. 
Each story eoutains a great number of square niches symmetrically distributed. In Hie 
first story twenty-four are on each side ; in the second, twenty ; and in the third, sixteen. 
I1ie numlier of these niches in th^ body of the pyramid is and there are twelve in tlie 
stairs towards the east 

1I4. The military intrenchment of Xochiculco, near Tetlama, two leagues south-west 
of Cuernavaca, is another remarkable ancient monument It is an insulated hill, 370 ft. 
high, surrounded with ditches or trenches, and divided by the hand of man into five terraces 
covered with masonry, 'llie whole has the appearance of a truncated pyramid, whereof 
the four faces are in the cardinal points of the compass. 'JTlie masonry is of porphyry, very 
regularly cut and adorned with hieroglyphics; among which are to be seen a crocodile 
spouting up water, and men sitting cross-legged after the Asiatic fashion. On the plat- 
form, whici) is very large, is a small square edifice, which was most probably a temple. 

1 1.5. 'riioiigh the province of Oaxaca contains no monuments of ancient Aztec arohiteo- 
ture, which astonish by their colossal dimensions, like the houses of tlie gods of Cholula, 
Papantla, and Teotihuacan, it possesses the ruins of edifices remarkable for their symmetry 
and the elegance of their ornaments. The antiquity of them is unknown. In the district 
of Oaxaca, south of Mexico, stands the palace of contracted from Migjiitlan, signi- 

fying, in Aztec, the place of woe. By the Tzapotec Indians the ruins are called /eokc, or luha 
(burial, or tomb), alluding to the excavations found beneath the walls. It is conjectured to 
have been a palace constructed over the tombs of the kings, for retirement, on the death of 
a relation. The tombs of Mitla are three edifices placed symmetrically in a very romantic 
situation. That in the best preservation, and, at the same time, the principal one, is nearly 
I.'IO ft. long. A staircase, formed in a pit, leads to a subterranean apartment, 88 ft. in 
length, and 36 ft. in width. 'Hiis as well as the exterior part of the edifice, is decorated 
with fret, and other ornaments of similar character (Jig. 79.). But the most singular 

feature in these ruins, as com- 
pared with other Mexican 
architecture, was the discovery 
of six porphyry columns, placed 
for the support of a ceiling, in 
the midst of a va.st hall, 'lliey 
are almost the only ones which 
have been found in the new 
continent, and exhibit strong 
marks of the infancy of the 
art, having neither base nor ca- 
pital* The upper part slightly 
diminishes. Their total height 
is 19 ft., in single blocks of 
porphyry. 'ITie ceiling under 
which they were placed was 
formed by beams of Savine wood, and three of them are still in good preservation, llie 
roof is of very large slabs. The number of separate builtlings was originally five, and 
they were disposed with great regularity. The gate, whereof some vestiges are still dis- 
cernible, led to a court 150 ft. s(|uare, which, from the rubbish and remains of subter- 
ranean apartments, it is supposed was surrounded by four oblong edifices. That on the 
right is tolerably preserved, the remains of two columns being still in existence* Ulie prin- 
cipal building had a terrace, raised between three and four feet above the level of the court, 
and serving as a base to the walls it surrounds. In the wall is a niche, with pillars, four or 
five feet a^ve the level of the floor. The stone lintel, over the princii>al ooorttf the Imll, 
is in a single block, 12ft. long and 3 ft. deep. The eacavation is reached by a very wide 
staircase, and is in the form of a cross, supported by columns, llie two portions of it, 
which intersect each other at right angles, are each 82 ft. long by 85 ft wide, llie inner 
court is surrounded by three small apartments, having no communication with t\m 
fourth, which is behind the niche. Tlie interiors of the apartments are decorated with 
paintings of weapons, sacrifices, and trophies. Of windows there are no traces. Humboldt 
was struck with the resemblance of some of the ornaments to those on the EtrusciMi vases 
of Lower Italy. In the neighbourhood of these ruins are the remains of a large pyramid, 
and other buildings. 

116. In the intendency of Sonora, which lies north-w^ of the dty of Mexico, and in 
the Gulf of California, on the banks of the Rio Gila« are some remarkable ruins, known by 
name of the Com Grande, Tliey stand in tlie middle of the vestiMs of an ancient Asteo 
The sidea art in the direction of the four cardinal points, and are 445 ft from north 
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to KAilIv and 874 ft. from eiist to west. Tl*e mater'wlt are wd>umed brick, syimetrieallT 
•mingecly but unequal in size. Ulie walls are 4 ft. in thksknes*. Tlie buiWinpf waa of 
three stories. The principal edifice wa.s surrounded by a wall with towers in it at intervals. 
From vestiges which appear, it is supposed the town was supplied with the water of the- 
Rio Gila« by an artificial canal. Tlie plain in the neighbourhood is covered with broken 
earthen pottery painted in white, red, and blue colours. 

117. The capital of Mexico, reconstructed by the Spaniards, is undoubtedly one of the 
cities ever built by Europeans in either hemisphere. Perhaps there scarcely eiists a 
city of the same extent which, for the uniform level of the ground on which it stands, for 
the regularity and breadth of the streets, and the extent of its great square, can be com* 
pared to the capital of New Spain. The religious edifices are extensive and greatly 
decorated, hut the aichitecturc is much debased. To the dwellings ornament is sparingly 
applied ; coloured tiles are used. The stones are a porous amygdaloid called UtzontiL and 
a porphyry of vitreous feld-spath, without any quartz; these give to the Mexican buildings 
an air of solidity, and sometimes even of magnificence. The wooden balconies and galleries 
wtiich disfigure the European cities in both the Indies are discarded; the balustrades and 
gates arc nil of Biscay iron ornamented with bronze ; and the houses, instead of roofs, have 
terraces, like those in Italy nnd other southern countries. It must, however, be admitted, 
notwithstanding the progress of the arts there since about 1820, that it is less from the 
grandeur and beauty of the edifices, than from the breadth and straightness of the streeta, 
and their uniform regularity and extent, chat Mexico commands the admiration of 
European'^. 


Sect. X. 

ARABIAN, MOKE.SQUl, Oil SARACENIC AKCMITECTUKI. 

118. Before the appearance of Mahomet, in the seventh century, and the consequent 
establishment of Islamism, the Arabians were hy no means celebrated for tlicir skill in 
architecture. Hie beautiful country of Happy Yemen, wherein were seated the most 
ancient and populous of the forty-two cities of Arabia enumerated hy Abulfeda, does 
not appear to have produced what might have been expected from the neighbours of the 
Egyptians, Syrians, Chaldeans, and Persians. Tlie arts of the surrounding nations seem 
to have been lost upon them. Tiough a part of their time and industry wan devoted to 
the management of their cattle, still they were collected into towns, and were employed in 
the labours of trade and agriculture. The towers of Sanna, com)>ared by Abulfeda to 
Damascus, and the marvellou.s reservoir of Merab, were constructed by the kings of the 
Homcrites, who, after a sway of two thousand years became extinguished in 502. Tlie 
latter, tlic Meriaba, mentioned hy Pliny as having been destroyed by the legions of Au- 
gustus, was six miles in circumference, and liad not revived in the fourteenth century. 
** But,” says Gibbon, tlie profane lustre of these was eclipsed by the prophetic glories of 
Medina and Mecca.” Of the ancient architecture of Arabia there are so few examples 
remaining, that no satisfactory account can be given of it. Excavations, still seen in rocks 
are said to be the houses of the people called Diamud ; but the Caaba of Mecca is the 
only one of the seven temples in wliich the Arabians worshipped their idols now in 
existence. It is a quadrangular building, about 3G ft. long, .84 ft. broad, and- about 
40 ft. high. It is lighted hy a door on the east side, and by a window, and the roof is 
sui)porte(l by three octangular pillars. Since its adoption hy Mahomet, it has been enclcwed 
by the caliphs with a^uadrangle, round which are porticoes and apartments for the pil- 
grims resorting to it. Here were the tombs of the eighty de.scendnnts of Mahomet and of 
his wife; but, in 180.8, they were destroyed by tlie Wahal>ees, who, however, respected 
and spared the Caaba and its enclosures. 

119. I'he extraordinary conquc.sts from the Indus to the Nile, under Omar, thj second 
cahph, who, after a reign of ten years, died in a. d. 644, brouglit the victorious Moslems in 
contact with nations then much more civili.sed than themselves. As their empire extended, 
tlieir love for tlie arts and sciences increased. 'Hie first mosque built out of the limits of 
Arabia is supposed to be that which was founded hy Omar on the site of the ancient 
temple at Jeru.salem. Under the dynasty of the Ommiades, of which race Omar was a 
member, the cultivation of architecture was carried on with success. The seat of the 
empire was removed to Daniasuiis, which was considerably enlarged and improved. Amoiur 
Its numerous splendid buildings was the celebrated mosque founded by Alwalid II. It wm 
he who introduced the lofty rninaret, which, though an innovation at the time, seema, in later 
years, to have been as necessary a portion of the mosque as the main body of it This 
cahph made considerable additions to the mosque at Medina, as he also did to that which 
had b^n built by Omar on the site of the Temple of Solomon, alxive mentioned. Hit 
generals and governors of provinces seem to have lieen equally mious in tlie cauae of aft 
and the prophet ; witnesi the mosque built by one of the former on toking Samarcand, and 
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the unirersid Imprcrrefnent !n the propincee under the iway of Uie latter. Great ae were 
tlie works Just mentioned, the removal of the seat 6f the empire to the western frontier of 
Persia, by the second caliph of the dynasty of the Abassides, gave a lustre to Arabian 
architecture wliich almost surpas^ belief. Almansor, the brother and successor of Saffah, 
laid the foundations of Bagdad in the year 145 from the Hejira (a. ». 762), a city which 
remained the imperial seat of his posterity during a period of five hundred years. The 
chosen spot is on the eastern bank of the Tigris, about fifteen miles above Modain ; the 
double wall was of a circular form ; ** and such," says Gibbon, “ was the rapid increase of a 
capital, now dwindled to a provincial town, that the funeral of a popular saint might be 
attend^ by eight hundred thousand men and sixty thousand women of Bagdad and the 
adjacent villages." ITie magnificence displayed in the palace of the caliph could only be 
exceeded by that of the Pcrsuin kings ; but the pious and charitable foundation of cisterns 
and caravanseras along a measured road of seven hundred miles, has never been efjualled. 

1 20. Almut A. D. 660-5, the prudence of the victorious general Akbah had led him to 
the purpose of founding an Arabian colony in the heart of Africa ; and of forming a 
citadel that might secure, against the accidents of war, the wealth and families of the 
Saracens. With this view, under the modest title of a caravan station, he planted the colony 
of Cairoan, in the fiftieth year of the Hejira. ** When," obserx'es Gibbon, ** tbe wild beasts 
and serpents were extirpated, when tbe forest, or rather wilderness, was cleared, the vestiges 
of a Roman town were discovered in a sandy plain : the vegetable food of Cairoan is 
brought from afar ; and the scarcity of springs constrains tbe inhabitants to collect, in cis 
terns and reservoirs, a precarious supply of rain water, lliese obstacles were subdued by 
the industry of Akbah ; he traced a circumference of three thousand and six hundred paces, 
which he encompassed with a brick wall ; in the space of five years the governor's palace 
was surrounded with a sufficient number of private habitations ; a spacious mosque war 
fMipported by five hundred columns of granite, porphyry, and Numidian marble.” 

121. “ In the West, the Ommiades of Spain," says the same author, “supported with 
eipial pomp the title of Commander of tbe Faithful. Three miles from Cordova, in bunoui 
of bis faithful Sultana, the third and greatest of the Abdalrahinans constructed the city, 
palace, and gardens of Zebra. Twenty-five years, and above three millions sterling, were 
employed by the founder : his liberal taste invited the artists of Constantinople, the most 
skilful sculptors and architects of the age ; and the buildings were sustained by twelve 
hundred columns of Spanish and African, of Greek and Italian maible. Tlie hall oi 
audience was incrusted with gold and pearls, and a great bason in the centre was sur- 
rounded with the curious and costly figures of birds and quadrupeds.” Hie streets and 
houses at this place are hollowed out of the rock, which stands 1200 feet above them. 

122. Wliether we contemplate the materials furnished by Babylon and its neighbour- 
hood, the dismantled towns of Syria, or the abundant ruins of Egypt, and from Tripoli to the 
Atlantic, it is curious, as the historian of the western Arabs has remarked, to observe that 
no people constructed, without recourse to the quarry, so many magnificent edifices. In 
Spain, this was most remarkably the case, whereof the reader will be convinced by reference 
to Murphy's Arabian Antiquitiet, and Laborde’s Voyage Pittomque de PEsjiagne, 

12S. From the latter half of the eightli century to nearly the middle of the ninth, the 
progress of the Arabians in the sciences was wonderful. 'ITieir merit, however, in the art 
which it is our province to investigate, was of a class inferior to that of the people who 
invented and carried into execution, though later, the principles which regulated the stu- 
pendous monuments of Gothic architecture in Europe. Tliey certainly understood the 
science of architecture ; and works on it were written for the benefit of those whos'j occu- 
pations led them to take an interest in the art. 

124. We regret that our limits do not permit us to dwell on the process in tlie sciences 
made by the Arabian.^, though some of them are intimately connected with our subject 
But the information we omit will be much more satisfactorily obtained by the reader con« 
suiting the pages of the historian of the decline and fall of the Roman Empire. Our 
purpose is now to present a concise view of the architecture of the Arabians from l^iborde’s 
Voyage Pittoruqnt <U tEipagne (vol. ii. part 1. xliii. et seq.); observing, by the way, that 
from our own study of the subject, we are inclined fully to adopt it In Spain there 
is a sufficient number of monuments of architecture to class them chronologically, and to 
assign an epoch to the different styles they exhibit. Though the species docs not resemble 
tlmt which has been denominated Gothic, which is clearly not an imitation, the one and the 
other sprung from the same source, llie point of departure was the architecture of 
Byzantium, In which city, after the fall of Italy, a totally new sfyle arose, whose deyelop- 
nient in dififbrent modes was the basis of all modern architecture. At though the Coliseum 
had furnished the hint, the imntense edifices, in the style of the period, were constructed 
'^ith a multiplieity of storiet, — they were heavy without, tliough lightly and richly deco- 
rated within I the artiata employed in their erection seeming to aim at a transference to 
the architecture and sculpture on which they were engaged of the oriental proftision of 
ornament vbible In the atufifb of India. This Byzantine i^ool produced the I^ombard and 
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Saxon styles in the North, on which we shall enlarge in the section on Gothic srchitectiH^ * 
and. in South, it produced the Arabian, Saracenic, or Moresque style, 
the reader may choose to distinguish it. Both were strongly 

and defects into which the Roman architecture of the period had “f 

illustrating what we mean, wc refer, as examples, to the Baths of 
emperor’s palace at Salona, and to the buildings of Justinian and HieodOTius, — from all 
which may be learned the abuses and incongruities which attended the fall, not only ot 
architecture, but of all the otlier arts. We find in them arches springing from capitals, 
columns without entablatures, and even ligxag ornaments. But, with all this perversion 
of taste, the general form of the plans of the edifices altered not : that of the temples 
more particularly continued unchanged. Some great convulsion wm necessary before 
they could undergo alteration, and such was the introduction of Christianity. Thus, says 
Saint Isidore, the basilica suffered transformation into the Christian church ; — “ Ba- 
silica? olim negotiis plena?, nunc votis pro salute susceptis.” Of this, in A succeeding 
page, we shall have more to say. But the change was not confined to the basilica ; the 
palace and domestic dwelling equally partook of the alteration of wants. The Romans, 
whilst masters of the world, were careless in protecting their cities by walls. Defence was 
only necessary on their frontiers ; and there, walls and towers were constructed, from which 
was the first hint for the castle, of which the Homan villa, fvrtijied, is the type. When, 
however, Italy was invaded, the fate of war soon caused exterior decoration to be sacrificed 
to internal comfort and luxury ; and even Rome, under Belisarius, was surrounded by walls 
and towers. ITie people, wliose jirowess made these precautions necessary, soon found the 
convcnicnee of adopting similar habits and buildings. 

125. The Arabians, whose wandering life could scarcely l>e imagined capable of such a 
change, ultimately established themselves in Roman castles, and turned the Christian 
churches, wliich, at the period, were extremely numerous, into mosques. For some time, 
the architecture of the Goths, of tlie Arabians or Moors, was, as respects plan, tlie same ; 
not less so was tJ>c character of the ornaments employed by both nations ; but it was not 
long licfore these diverged into styles w’hich |>os.se.sscd eacli its peculiar beauties. The 
Cliristians soon used the pointed arch ; and the style they adopted became slender and 
tall, whilst tliat of tlie Moslems, from the nature of the climate and tlieir peculiar habits, 
was deficient in elevation, though in the end it acquired a lightness and elegance which it 
did not at its origin possess, liut it is proper, here, to impress on the mind of the reader 
that Gothic and Arabian architecture have nothing in common between them, except their 
origin from a common source. It is an error to confound them, or to suppose that the 
pointed arch is found in any strictly Arabian edifices. That, as far as we can ascertain, did 
not exist before the eleventh century. It seems to have been a development in the jiarts of 
a style which, as it passed into more northern latitudes became more acute in the roofs, 
from tlic necessity of discharging the rain and snow with greater facility, Tliis pointed 
style spread itself over some parts of India; but, there, none of the examples are older than 
the fourteenth or fifteenth century. Except in ornamental detail, whereof we append two 
apecimens (/^s. 80,81.) from the Alhambra, the Arabs were not inventive. It is not 
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iunfikety that their skill in geometry greatly assisted them in the extraordinary comlnnatioii 
of lines to be found in their decorations, whieh nothing can surpass ; 
nor was it till the time of the Abassides that the Arabians beef^j 
fully acquainted with what had been done by tlie Greeks. lliis 
knowledge was not confined to them, for there is abundant proof, 
1. That all the modern arts, as well of the North, as of the West 
and South, had their origin from the Greek empire at Constantinople, 
wliich at that period gave the fashion in them, as did Italy five cen- 
turies afterwards. 2. 'Hiat the plans of churches and mosques are 
traceable to that of the ancient basilica, as in the citadels of the 
middle ages, and the palaces of the Greek emperors, are to be found 
the types of the Gothic castle and of the Moresque aleaxar. 3. Uliat 

Piicii OAHTAI AtjiAUHKA Gotliic attd Saraccnic stylcs attoiiied tlicir several perfection in very 

. I oAHTAi.,Ai4iAMniiA. manncrs as to the details of their distribution and ornament, 

and acquired peculiar characters, which in both may be divided into three periods, the last in 
each lieing lost in the change that took place in Italy on the revival of the arts. Tlie 
periods of the Gotliic will be noticed under the proper section. 

126. The periwl in the history of Moresque architecture is from the foundation of 
Islamtsm to tlie ninth century, of which the finest example was the Mos<jiie of Cordova in 
Spain. This was commenced in 770 by Abderahman, and finished by his son and successor, 
liisham. Its plan is a parallelogram, whose longest side is 620 ft. by 440, formed by a wall 
and counterforts, both of which are embattled. The height of the wall varies from 35 to 
60 ft., and its tlnckness is 8 ft. The whole of the quadrangular space is internally dividetl 
into two parts, via. a court of 210 ft. in depth, the mosque itself covering the remainder of 
the arcio. The mos(jue consists of nineteen naves (of a portion of one whereof /ig, 82. is a 

diagram) formed by sevente..n ranks of columns, and a wall pieiced 
with arches, from south to north, and tliirty-two narrower naves from 
east to west. Each of these naves is about 1 G ft. wide from north to 
south, and about 400 ft. long, their width iii the opposite direction 
being les.s. 'J'hus the intersection of the na\es with each other 
produces 850 columns, which, with fifty-two columns in the court, 
form a total of upwards of 900 columns. Hiey are about 18 in. in 
diameter, the mean height of them is about 1 5 ft., and they arc covered 
with a species of Corinthian and Composite capital, of which there 
are many varieties. The columns have neither socle nor base, and are 
C'mnected by arches from one to another. The ceilings are of wood, 
pamxed, each raiige forming, on the outside, a small roof, separated from 
sif(. 8«. «««uua AT CORDOVA, tiiose adjoining by a gutter. The variety of the marl)les of the columns 
produces an eflect of richness which ail agree is very striking, lliey were most probably 
procured from the Homan ruins of the city. It is impo'.sible to pu.ss over the description 
of this nio8(]ue witbyQut calling to mind the resemblance it bears in its arrangement to the 
basilicas at Lioiqi|i^ A'hc reader who has seen St. Agnese and St. Paulo fuori le inura, we 
are sure, will with us. After the conquest of Cordova in 1 236, this mo5<}iie was 

converted into #M;hedral. In 1528, it was much disfigured by modern erections, which 
were necessary Ibr better adapting it to the service of the Christian religion. These, 
however, have not m far ruined its ancient effect as to prevent an idea being formed of it 
when in its splendoulk^ llie decorations throughout are in stucco, painted of various colours, 
decorated with legi!nd||||^||fi occasionally gilt like the churches of the Imwer Empire. 

127. In the tecond perM, the style greatly improvea in elegance. It lasted till the close 
of the thirteenth century^l^st before which time was founded the royal palace and fortre^ 
of the Alhambra, at Granada (Jig. 83.), perhaps the most perfect model of pure Arabian 
architecture that has existed. During this period, no traces of the Byzantine style are to be 
found. An exuberance of well-tempered ornament is seen in their edifices, whose distribution 
and luxury manifest the highest degree of refinement. Speaking of the interior of the building 
above mentioned, M. de Laborde says, that it exhibits ** tout ce que la voluptd, la gr: cc, 
rindustrie peuvent reunir de plus agr^able et de plus parfait.** After passing the principal 
entrance, you arrive at two oblong courts ; one whereof, celebrated in Arabian history, called 
the Court of the Lions, is in ^g. 84. represented on the following page, lliis court is 
100 ft. long and .50 ft. broad, having 128 columns of white marble. Round these two courts, 
on the ground floor, are disposed the apartments of the paUce. Those for state look out 
towards the country ; the rest, cooler and more retired, have openings for light under the 
intoiior porticoes* The whole is on one plane, the walls being placed so as exactly to suit 
the plateau of the rock; its entire length is about 2300 ft., and breadth 600 ft. The doors 
are few and large, and the windows, except on the tide where tlie landscape is most magni- 
ficent, are ohimy towards the interior. In one of the apartments, the Arabian architect 
has, In an insoription, given his reason for this adoption, in the following terms: .^«*^My 
windows atolt tlie light, and exclude the view of external objects, lest the beauties of 
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naturi sliould divert your attention from the beauties of my work.** Tlie vratl* are covered 
with arabe8(|uct) apparently cast in moulds* and afterwards joined together. The oriia* 
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ii^ents are in colours of gold, pink, light blue, and a dusky purple, the first colour being 
nearest the eye, and the last fuithest from it ; the gcMicral surface, however, is white, llie 

walls, to the height of four feet, were 
lined with variously figured and coloured 
porcelain mosaics, as were the floors. 'I'he 
Arabs of the Spanish caliphate appear 
to have known some mode of preventing 
the decay of paint and timber, for the 
paintings, in which the medium for the 
colour is not oil, retain the original fVesh- 
ness of their colours, and the woodwork 
of the ceilings presents no symptoms of 
decomposition. It has been conjectured 
that the soundness of the wood through* 
out has ai isen from the trees being lanced 
or drained of their sap at tlio time of felling ; hut it may be, that the coatings of paint has had 
some efl'ect in producing the result. Description conveys no notion P^^iis extraordinary 
edifice : the reader who wishes to obtain one must refer to Murm||f*s work* already 
iiicntiuncd. 

128, 'riie third period of Arabian architecture is from the end of UlINhirteenth century to 
the decline of the Saracen power in Spain. During a portion of nfs period, it was used by 
the Spaniards themselves, and like the Gothic, in tlie northern and middle parts of Europe, 
was engrafted on the style which crept from Italy into all coiuilries till the Renaissance. 
During this period were built the castles of Benavento, Penafiel, and Tordesillas ; and the 
alcazars of Segovia and Seville. The plans continued much the same ; but Greek orna- 
ments began to appear, with Moresque arches on Corinthian columns. At this time, also, 
representations of the human figure are to be seen, which, by the laws of Mahomet, were 
strictly forbidden. 'Hiere was a charm about this architecture which makes one almost 
regret that reason and advance in civilisation have extinguished it. 

129. We are not to look to the works of the Arabians for the real grandeur which b exhi- 
bited ill the works of Egypt, Greece, or Rome. Brick was the material most used. When 
s'‘one was employed, it was covered with a coating of stucco. In their constructive com- 
binations there b nothing to surprise. I'he domes which crown their apartments are 
neither lofty nor large in dbmeter, neither do they exhibit extraordinary mechanical skill. 
The Arabian ^ohitects seem to have been unacquainted with the science of raising vaults 
on lofty piers. In the specimen cited at Cordova, the span, from pier to pier b less than 
20 ft., which would not have required much skill to vault, yet we find the ceilings of 
timber. The use of orders was unknown to them ; the antique columns which they intro- 
duced were employed as they found them, or imitations of them, without an acquaintance 
with the types noro which they were deriv^ with their principles or proportions, do tiuth, 
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tlieir columns are posts. We do not find, tn the forms of Aralnan art, that diarsKter uf 
originality which can be traced from local causes. Tlie Arabians liad spread themselves 
out in every direction, far from their own country, in which Uiey bad never cultivated the 
arts; hence tlieir architecture was founded upon the models before them, which the 

A Byaantine sclmol supplied. Of the forms of their arches, 
some whereof are here exhibited (jtg, 85. ), die most fitvourite 
seems to have been the horse-shoe form. 'lliey may be 
ranged into two classes, — tliat just named, and the other, that 
wherein the curve is of contrary flexure, and described from 
several centres. Both classes are vicious in respect of oon- 
«A. A«cii«. struction, from the impossibility of gaining resistance to 

thrust at the abutments. In masonry, such arches could not be executed on a large scale. 
In brick arches, however, the surface of the cement is so increased, that if it be good, and great 
care be used in not removing the centres till the cement is set, great variety of form in them 
may be hacarded. If the pleasure — perhaps we may say sensuality — of the eye is alone to be 
consulted, the Arabians liave surpassed all other nations in their architecture. The exquisite 
lines on which their decorations are based, the frntasticnessof their forms, to which colour was 
most tastefully superadded, are highly seductive. Their works have the air of fiiiry enchant- 
ment, and are only to be compared to that imagination with which the oriental poetry 
abounds. The variety and profusion wherewith they employed ornament impart to the 
interior masses of their apartments the appearance of a congeries of painting, incrustation, 
mosaic, gilding, and foliage ; and this was probably much augmented by the Mahometan 
law, wliich excluded the representation of the human figure. If a reason be unnecessary 
for the admission of ornament, nothing could be more satisfactory tlian the splendour and 
brilliancy tl»at resulted from their combinations. One of their practices, that of introducing 
light into their apartments by means of openings in the form of stars, has a magical effect. 

1 30. We have principally confined ourselves, in the foregoing remarks, to the architecture 
— of the Arabians as it is 

found in Spain, which, it 

/ \ is proper to observe, is . __ , 

I V ° edifices , asmamaeasas - — • ■- r 

p I in the style. There is so 

I close a resemblance be- 

M — 

nr I • • ’ ’ * fj lately, under the ■k— — — , i_i 

T]|:: P'lM dominion of the Moors, ...kvat.ox, .iou« at au..«*iu 

* .Xi, that, allowing only for difference of climate, we might have left 
ULjL ULkiJiM, subject without further illustration, but that we think the re- 

. . . . • presentation in Jigs. 86. and 87, of a Turkish house at Algiers, 

L|. . X .» j J which we have extracted from Durand’s ParaUeh dea Edifices, may 

' [ft * give a better idea of Arabian architecture than a host of words. 

^ 131. In Mecca, the city of the Prophet, the houses are of stone, 

^ and three or four stories in height. Ibe material employed in- 

Fig. se. ri.AN, MUSK AT Ai/)iBM. jj^^tes soHdlty of construction. The streets are regular. The 
leading features are — the balconies covered with blinds; fronts of the houses much orna> 
ineiited ; doors, with steps and small seats on both sides ; roofs terraced, with very 
high parapets, opened at intervals by a railing formed of brick, in which holes are left 
for the circulation of the air, at the same time giving an ornamental appearance to the front ; 
staircases narrow and inconvenient; rooms of good dimensions and well-proportioned, 
having, besides the principal windows, an upper tier. Datnaacua, of which a slight view 
(fig. 88.) is annexed, has l^n described as resembling a large camp of conical tents, which, 
on a nearer approach, are found to be small cupolas to tlie Iwuses. Brick, sun-dried, is the 
principal material, and the forms of the roofs mentioned are absolutely necessary to protect 
against the winter rains. Streets generally narrow, houses well supplied with fountains, 
and conUuning a large number of houses that may be ranked as palaces. Mosques, many 
in number, but presenting none that are very remarkable. The bazaars and baths ^ con- 
siderable size and splendour. In Bagdad, there are many large squares. The gates erected 
by the caliphs are still in existence, and are fine specimens of Arabian art. Its walls of 
mud are 25 ft. in height, but within them are ramparts, carried on arches. In Buaaoruk, 
the most remarkable feature is the mode in which they construct their arches, which is 
effected without centres. 

132. We do not think it necessary to detain the reader on the architecture of Moorish 
or Western Arabia. As in the eastern parts of the ancient empire, the houses usually 
consist of a court, whereof some or all of its sides are surrounded by gidleries. Narrow 
rooms mulflenfirally j)arallel with the gallery, usually without any o|ening but the^door 
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C on to the gallery, RooA are flat or terraced. Walls variously built, often of lime, 

plaster, and stones, carried up in a sort of casing, arltich is removed when the work is set 
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From want of good tiinhet, the looms arc narrow. Hie mosques are by no means worthy 
jpf notice, fezt an ancient Arabian city, contains some lofty and spacious houses. Its 
streets are narrow, and on their first floors ha\e projections which much interrupt the light. 
In the centre of each house is an open quadrangle, surrounded by a gallery, communicating 
with a staircase. Into this gallery the doors of the apartments open. The ceilings are 
lofty, the floors of brick. All the principal houses are supplied with eisterns in the lowei 
parts, for furnishing a supply to the baths, a luxury with which also every mosque is pro. 
vided. In this town there are nearly two hundred daravanseras or inns, three stories high, 
in each of whose apartments, varying from fifty to one hundred, water is laid pn for ablu- 
tion. 'file shops as in Cairo, are very small ; so much so, that tlie owner can reach all the 
articles he deals in without changing his posture. In Dipoli, the lioiiees rarely exceed one 
story in height; but w'e must be content with observing that the character is still the same. 
I* Nec facies omnibus una, nec diversa tamen.” Thougli the late $ultan built a new palace 
in the Italian stjle at Constantinople, the Moslems will not easily relinquish a stjle inti- 
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Sect. Kt. 

6RBC1AM A11CHITKCTUR& 

13.3 The architecture of Grtoce is identicat with coliinanMr arcliltecture. 'Writers on 
the subject liave so invariably treated the hut as the type on which it is formed, that, though 
we are not thorouglily satlshed of the theory being correct, it would be difficult to wander 
from the path they have trodden. In the section on Egyptian architecture, we have alluded 
to the tombs at Beni-hassan, and we here present a representation of a portion of them 
ftom a sketch with whicli we were favouied many years since by the late 5ir Charles* 

Bairy (Jig. 90. ). The reader will perceive 
in it the appearance of the Doric column 
almost in its purity^ Wilkinson (MunnerM 
and CnUoms of the Ancient EgypHana) is 
of opinion that the date of these tomlis is 
1740 B. tliat is, in the time of the first 
Osirtesen, an antiquity which can be ^as- 
signed to no example in Greece. Tliese 
tombs are excavated in a rock, a short dis- 
tance from the Nile,on its right bank, about 
forty-eight French leagues south of Cairo. 
Two of them basre architectpral fronts like 
the above pli^ 'Ilie columns are five 
diameters and a half in height. 3'iie num- 
ber of the flutes, which ai-e sliallow, is 20, 
and the capital consists of a simple ahacus. 
There are no indicatidipe of abase or pltiifli. 
Above the architrave, which is plain, there is a projecting ltdge of the rock, somewhat re- 
sembling a cornice, whose soffit is sculptured, apparently in Imitation of a series of reeds, htid 
transversely and horixontully. There certainly does In this, ap)>ear some‘‘rs?ference to 
imitation of a hut, and the refinement of the Greeks iu after ages may have so ex- 
tended the analogy as in the end to account for all parts of the entablature. The tra- 
dition doubtless existed long before" Vitruvius wrote, who gives us notlung more than the 
belief of the architects of his time. Tire point is not, at this time, likely to lie answered 
satisfactorily ; if it could, it might be important, as leading to tlie solution of some points 
of detail, wliich limit tlie propriety or impropriety of certain forms in particular situations. 
Having thus cautioned the reader against implicit faith in the system we are aliout to 
develope, we shall preface it by the opinion, on this subject, of M. Qitatrcmere de Quincy, 
an authority of great value in everything that relates to the art. Carpentry, says that 
writer, is incontestably 'the model upon which Greek architecture is founded ; and of Hie 
three motlels which nature has supplied to the art, this is, beyond doubt, the finest and most 
perfect of all. And again, lie observes, whoever bestows his attention on the subject, will 
4 .*asily perceive that, by the nature of it, it includes all those parts that are effective for 
utility and lieauty, and that the simplest wooden hut has in it the germ of the most mag- 
nificeut palace. 

134. We must here premise that this section is strictly confined to the architecture of 
Gieece and its colonies. Much confusion has arisen iron} the want of strict limits to the 
term Grecian Architecture^ one whicli has been indiscriminately applied to all buildings in 
whicli the orders appmr. TIkb orders were altered in their profiles, proportions, and details 
by the ilomans ; and though between them and tliose of the Greeks there is a general restnn- 
blanoc, and their memliers are generally sitqilar, yet, on a minute examination, great ^differ- 
ence will be found. In the former, for instance, the contour of every moulding is a portion 
of a circle ; in the latter, the contours of the mouldings are portions of conic sections. In 
Homan architecture, we find tfic dome, which in Greek architecture never occurs. In the 
latter, the arch is never seen ; in the former, it is often an important feature. Indeed, the 
columnar style, as used hy the Greeks, rendered arches unnecessary ; hence, in all imitation 
of that style, its introduction produces a discord which no skill can render agreeable to the 
educated eye. Attempts have been made by the modem German architects to introduce 
the use of the arch with Greek fbr&s ; but they have been all iflgnal failures, and that 
because it is incapable of amalgamation with the solemn mid^y knd purity of Greek com- 
position. Before such blending can be accomplished with success, tlie nature of pure Greek 
arChiteotureinust bis changed. 

135. Following, then, the authors, ancient and modem, on the origin of the art, we now 
proceed to a development of its origin, ^e first trees or posts which were fixed In the 
eaiih for supporting a nove^ against the elements, #ere the origin of the isolated celiinms 
which afterwards liecame supports of piptlooes in temples. Dimiidslilng in dhunutir 
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M rose in height, the tree indicated the diminution of the column. No typ^ howeyet 
ofiiie or pedestal is found in trues : hence the ancient Doric is without base. This practice 
however, from the premature decay of wood standing immediately on the ground, caused the 
tiitervention of a step to receive it, and to protect tlie lower sur&ce from the damp. 
Scamozzi imagines that the mouldings at the bases and capitals of columns had their origin 
in cinctures of iron, to prevent the splitting of the timber from the superincumbent weiglit. 
Others, however, are of ojiinion that tl»e former were used merely to elevate the shafts 
above the dampness of the earth, and thereby prevent rot In the capital, it seems natural 
that its upper surface should be increased as much as possible, in order to procure a greater 
area for the reception of the architrave. This member, or chief beam, whose name 
bespeaks its origin, was placed horizontally on the tops of the columns, being dealing, in 
ulfect to carry the covering of the entire building. Upon the architrave lay the joists of 
the ceiling, their height being occupied by the member which is called the frieze. In the 
Doric order, the ends of these joists were called triglyphs, from their being sculptured with 
two whole and two half glyphs or channels, lliese, however, in the other orders in strictly 
Greek architecture, do not appear in the imitation of the type, though in Roman architec- 
ture it is sometimes otherwise, as in the upper order of tliB Coliseum at Rome, where 
they are sculptured into consoles. The space between the triglyphs was, at an early period 
of the ait, left open, as we learn from a passage in the Iphigenia of Euripides, where 
Pvhtdes advises Orestes to slip through one of the metopae, in order to gain admission into 
the temple. In after times, these intervals were filled up, and in the other orders they alto- 
gether disappear, the whole length of the frieze becoming one plain surface. The inclined 
rafters of the roof projected over the faces of the walls of the building, so as to deliver the 
rain clear of them. Their ends were the origin of the mutule or modillion, whereof the 
former had its under side inclined, as, among many other examples, in the Parthenon at 
Athens. The elevation, or as it is technically termed, pitch of the pediment, followed from 
the inclined sides of the roof, whose inclination depended on the climate ( sect. 20‘)0). 
Thus authors trace from the hut the origin of the different members of ai chitecture, wliich 
a consideration of tlie annexed diagram will make more intelligible to the reader. 

91. and 92, exhibit the parts of a roof in elevation and section: a a are the architraves or 



tjubegf lib the ridge piece or columen; c the king- post or colurnna of a roof ; d d the tic-l>eam 
OT tranutrufn ; e the strut or capreolw; ff the rafters or canthtrii ; gggg the purlines or 
»tnipia ; h h the common rafters or asneren. U'he form of the pediment became an object of 
so much admiration, and so essential a part of the temple, that Cicero says, if a temple were 
to be built in heaven, where no rain falls, it would be necessary to bestow one upon it. 
“ Capitol it fastigium illud, et caeterarum tedium, non venustas sed necessitas ipsa fabrieata 
est. ^ Nam cum esset haliita ratio quemadinodum ex utraque parte tecti aqua delaberetur 
utilitatem tempi! fastigii dignitas consecuta est, ut etism si in ccelo capitolium statu<?tetur 
ubi imber esse non potest, nullara sine fastigio dignitatem habiturum fuisse videatur.^ 
(De OraturCf lib, iii. ) Ihe inclination of the pediment will be hereafter discussed, when 
we speak on the article Roof, in another pan of the work. Under the section on Cyclopean 
Architecture, mention has been made of the works at Tiryns and Mycene. We do not think 
there is sufficient chain of evidence to connect those ruins with the later Grecian works, 
though it must be confessed that the temples of Sicily, especially at Selinus, and perhaps 
those at Pawtum, are connecting links. Perhaps the sculptures at Selinus might be pro- 
perly called Cyclopean sculpture, in its more refined state. 

iJie. Architecture, as well as all the other arts, could only be carried to perfection by 
slow steps. Stone could not have been used in building until the mechani<^ arts had been 
well known. It is curious that Pliny gives the Greeks credit only for caves as their ori- 
ginal dwellings from which they advanc^ to simple huts, built of earth and clay. His words 
*r^ (Ifb, yii. t, 57.% ** Latemrias ac domos oonstituerunt primi Euryalus et Hyperbiks 
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fratrea Atiienis : antea specus erant pro domibus.** Tliii, perhaps, ts no more than a tradir 
tionary fable. Fables of this kind, however, often have some foundation in foot We are 
not always inclined to discard them, for we have little more than tradition for the early ei« 
ccllence of the Athenians in civilisation, a nation among the Greeks who first became a 
body politic, and whose vanity caused them to assume the name of Ai/roxfiovcr, from a 
belief, almost sanctioned by Plato, that their ancestors actually rose from the earth. How 
strong the prevailing opinion was of the original superiority of the Athenians, may be 
gathered from Cicero, in his oration for Flaccus. ** A^unt,** he says, ** Athenienses, unde 
humanitas, doctrina, religio, fruges, jura, leges ortce, atqiie in oinnes terras distributes 
putantur : de quorum urbis possessione, propter pulchritudinem, etiam inter deos certamen 
fuisse proditum est : qus vetustate ea est, ut ipsa ex sese suos cives genuisse dicatur." But 
we shall not attempt, here, an early history of Greece ; for which tliis is not the place, and, if 
accomplished, would little answer our views. The Greeks exhibited but little skill in their 
earliest edifices. The temple of Delphi, mentioned by Homer, in the first book of the 
Iliad (v. 404. et seq. ), which Bryant supposes to have been originally founded by Egyptians, 
was, as we learn from Pausanias (Phocic. c. 5.), a mere hut, covered with laurel branches. 
Even the celebrated Areopagus was but a sorry structure, as we learn from Vitruvius 
(lib. ii. cap. 1.), who judged of it from its ruins. The fabulous Cadmus — for we cannot 
help following Jacob Bryant in his conjectures upon this personage — has been supposed 
to have existed about 1519 a. c., to have instructed the Greeks in the worship of the 
Egyptian and Phcenician deities and to have taught them various useful arts ; but this 
carries us so far back, that we should be retracing our steps into Cyclopean architecture, if 
we were here to dwell on the period ; and we must leave the reader as is our own, and as 
we apprehend will be the case with ail who may succeed us-— .to grope his way out of the 
darkness as best he may. 

137. The earliest writer from whom gleanings can be made to elucidate the architecture 
of Greece is the father of poets. To Homer we are obliged to recur, little as we appiu>ve 
of the architectural graphic fliglits in which the poet is wont generally to indulge. Though 
the Odyssey may not be of so high antiquity as the Iliad, it is, from internal evidence, oi 
great age, for the poem exhibits a government strictly patriarchal, and it sufficiently proves 
that the chief buildings of the period were the palaces of princes. We may here, in 
passing, observe, that in Greece, previous to Homer and Hesiod, the sculptors art appears 
to have been unknown, neither was practised the representation of Gods, llie words of 
Athenagoras {Leg, pro Christ xiv. ) are — Ai i'eiKoves fi*xpi fjLrjirw ifKaarixri, Kai ypcupiKH), kcu 
atfSpiavToiroiTjriKTj rjorw, ovSe fi/oiJLi(ovTo. The altar, which was merely a structure for sacred 
use, was nothing more than a hearth, whereon the victim was prepared for the meal ; 
and it was not till long after Homer’s time that a regular priesthood appeared in Greece. 
In Sparta, the kings ])erformed the office. In Egypt, the dignity was obtained by inherit* 
ance ; as was the case in other places. Tlie Odyssey places the altar in the king’s palace ; 
and we may reasonably assume that the spot was occasionally, perliaps always, used as the 
temple. From such premises, it is reasonable to conjecture that until the sacerdotal was 
separated from the kingly office, the temple, cither in Greece or elsewhere, had no existence. 
It may not be without interest to collect, here, the different passages in the Odyssey, which 
bear upon the nature and construction of the very earliest buildings of importance. 
Between the av\7] and the Bofios there must have been a distinction. The former, from its 
etymology oo;, must have been a locus subdialis ; and though it is spmetimes used ( //tod, 7L 
247. ) for the whole palace, such is not generally its meaning in the Odyssey, llie av\7] was 
the place in which the female attendants of Penelope were, slain by Telemachus ( Odgss, X. 
446.), by tying them up with a rope over the ^o\os or ceiling. Hence we arrive at the 
conclusion that this doKos belonged to the atOovera or cloister, supposing, as we have done, 
that the av^rJ was open at top, and the cuBovaa is described {Iliads T. 176.) as epiBouiros, that 
is, sonorous or echoing, and as circumscribing the open part of the av\ri. The do\os waa 
supported by Kiover, posts or columns, and in the centre of the avAr; stood the fiopos or altar. 
If our interpretation be correct, the peaoBpai in this arrangement must be the spaces between 
the columns or posts, or the intercoluinniations, as the wurd is usually translated; and the 
passage in the Odyssey (T. 37.), wherein 'I'elemachus is said to have teen the light on tht 
walls, becomes quite clear. The passage is as follows : — 

Eumjr rtxM mmXsu tt jutrsf/timt. 

There seems no doubt that the word cudovtra will bear the interpretation given, and the 
arrangement is nothing more than that of the hypeethral, and even correspondent with the 
Egyptian temple, i>articularly that of the temple at Edfou, described by Denon, and repre* 
sent^ in his plate 34. 

138. Before Ve quit thi$ part of our subject, let us consider the description which 
Honer ( Odyss, H. 81.) mves of the house of Alcinous as illustrative of Greek architecture 
This dwelling, which Ulysses visited, had a braxen threshold, ov8sr. It waa v^spt^r of 
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lofty-f llie walls were braxen on every side, from the threshold to the innermost 

IMUt. This, however, is rather poetic. The coping bptyKos was of a blue colour. The 
interior doors are described as gold. The jambs of them, (rra0/uoi, were of silver on a brazen 
threshold. Tlie lintel virepdupiov was silver, and the cornice Koownfi of gold. Statues of 
dogs, in gold and silver, which had been curiously contrived by Vulcan himself, guarded 
the portal. Thus fur, making all due allowance for the poet's fancy, we gain an insight into 
what WHS considered tlie value of art in his day, more dependent, it Wv<uld seem, on material 
than on form. Seats seemed to have been placed round the interior part of the house, on 
which seats were cushions, which the women wrought. But we must return to the con- 
struction of the avAr}, inasmuch as in it we find considerable resemblance to the rectangular 
and coluinnar disposition of the comparatively more recent temple. 

139. It would be a hopeless task to connect the steps that intervened between the sole 
tise of the altar and tl||||ptablisliment of the temple in its perfection ; though it might, did 
our limits permit the f^^stigation, be more easy to find out the period when the regular 
.temple became an indispensable appendage to the religion of the country. It is closely 
connected with that revolution which abolished the civil, judicial, and military offices of 
kings leaving the sacerdotal office to another class of persons. Though in the palace of the 
king no portion of it was appropriated to religious ceremony, the spot of the altar only 
excepted, yet, as it was the depository of the furniture and utensils requisite for the rite of 
sacrifice, when the palace was no more, an apartment would be wantitig for them ; and this, 
conjoined with other matters, may have suggested the use of the cell. Eusebius bas con- 
jectured that the temple originated in the reverence of the ancients for their departed 
relations and friends, and that they were only stately monuments in honour of heroes, from 
whom the world had received considerable benefit, as in tiic case of the temple of Pallas, at 
Larissa, really tlie sepulchre of Acrlsius, and the temple of Minerva Polias at Athens, which 
is supposed to cover the remains of Ericlithonius. The passage in Virgil (./En. ii. v. 74.)- 

tumuluin antiquae Cereris, scdemque sucratam 

Vfnitnus — 


Is explanatory of the practice of the ancients in this respect ; and, indeed, it is well known 
that sacrifices, prayers, and lihations- were offered at almost every tomb; nay, the resting- 
place of the dead was an asylum or sanctuary not less sacred than was, afterwards, the temple 
itself. From Strabo (lib. ii.) it is clear that the temple was not always originally a struc- 
ture dedicated to a god, but that it was occasionally reared in honour of other personages. 

140. Before proceeding to that which is more accurately known, it may not be unin- 
structive to the reader to glance at the houses of the Greeks, as may he gathered from 
passages in the Iliad and the Ody.ssey. Wc shall merely remind him that Priam’s house 
had fifty separate chambers, though he lived in a dwelling apart from it. These houses 
were, in some parts, two stories in height, though the passages supporting that assertion 
(f/iad, B. 514-16. 184.) Iiave been pronounced of doiibtfurl antiquity. There is. how- 
ever, not the slightest doubt that the dwellings of the East consisted of more than a 
single story. David wept for Absalom in the chamber over the gate (2 Sam. xviii. 3.3.). 
The altars of Aliaz were on the terrace of the upper chamber (3 Kings, xxiii. 12.). The 
Slimmer chamber of Eglon had stairs to it, for by them Ehud escaped, after he had revenged 
Israel (Judges, iii. 20. ; 1 Kings, vi. 8.). In the Septuagint, these upper stories are all repre- 
lented by the word imepo^ov, the same employed by Homer. The Jewish law required 
(Dent. xxiK 8.) the terraces on the tops of their houses to be protected by % battlement ; 
and, indeed, for want of a railing ( Odyns. K. 552. et seq.) of this sort, Elpenor, one of the 
companions of Ulysses, at the palace of Circe, fell over and broke his neck. The use of 
the word KKipa^ m the (Idyssey, connected with the words aya€aivuv and KaraSatveiv, and 
the substantive i^Trepwov, is of frequent occurrence; it is either a ladder or a sUiircase, and 
which of them is unimportant ; but it clearly indicates an upper story. To a comparatively 
late period, the Greek temple was of timber. Even statues of the deities were, in the 
time of Xenophon, made m wood for the smaller temples (lib. iv. c. L), where the revenue 
of them was not adequate to aflbrd a more expensive material. But time and accidents 
would scm'ely permit their prolonged duration, and none survived long enough to allow of 
a proper description of them reaching us. ITie principle of their coiistructimi necessarily 
^re some relation to the materials employed, and the use of stone must have imparted new 
features to them. In timber, the beam (epistylium), which was borne by the columns, 
would probab y extend m one piece through each face of the building. But in a stone 
construction this could not take place, even had blocks of such dimensions been procuraWe 
and had mechanical means bwn at hand to place them in their proper position. From this 
alone follows a diminution of spaces between the columns. The arch, be it recollected was 
wiiki own. It 18 curious to observe that the relative antiquity of the examples of Grwian 
Done may be expressed in terms of the intercolumniatioiis; that is, the number of diame- 
ters forming the intervals between the columns. 'ITiere is. moreover, another point worthy 
of notice, wliicli is, that their antiiiuity may be also estimated by the comparison of ib'e 
lieigliU of the columns compared with their diameters. Tliis, however, will require 
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further consideration when we come to treat of the orders t here It Is noticed only mdi- ' 
dentally. Though we are not inclined to place reliance on the account given by Vitruvius 
of the origin of the orders of architecture, we sliould scarcely be justified in its omission 
here. It seems necessary to notice it in any work on architecture; and, after remarking 
that the age which that author assigns for their origin is long before Homer's time, at 
which there seems no probability of their existence, from the absence of all reference to 
them in his poems, we here subjoin the account of Vitruvius (lib. iv. c. 1.) :— ** Dortis, son 
of Hellen and the Nymph Orseis, reigned over Achaia and Peloponnesus. He built a 
temple of this (the Doric) order, on a spot sacred to Juno, at Argos, an ancient city. 
Many temples similar to it were afterwards raised in the other parts of Achaia, though, 
at that time, its proportions were not precisely established. When the Athenians, 
in a general assembly of the states of Greece, sent over into Asia, by the advice 
of the Delphic oracle, * thirteen colonies at the same time, they appointed a governor 
over each, reserving the chief command for Ion, the son of Xuthus, and Creusa, 
whom tlie Delphic Apollo had acknowledged as son. He led them over into Asia, 
where they occupied the borders of Caria, and built the great cities of Ephesus 
Miletus My us (afterwards destroyed by inundation, and its sacred rites and suffrages 
transferred by the lonians to the inhabitants of Miletus), Priene, Samos, Teos, Colophon, 
('hios, Krythras, Phoca^a, Clazomene, Lebedos, and Melite. This last, as a punishment for 
the arrogance of its citizens, was detached from the other states in the course of a war 
levied on it, in a general council, and in its place, as a mark of favour towards king 
Altai us and Arsinoe, the city of Smyrna was received into the number of the Ionian states, 
'lliese received the ai>pellation of Ionian, after the Carians and Lelcgs had been driven 
out, from the name of Ion, the leader. In this country, allotting different sites to sacred 
pur}>08es, they erected temples, the first of which was dedicated to Apollo Panionius. It 
resembled that which they had seen in Achaia, and from the species having been first used 
in the cities of Doria, they gave it the name of Doric. As they wished to erect this 
temple with columns, and were not acquainted with their proportions, nor the mode in 
which they should be adjusted, so as to be both adipted to the reception of the superin* 
cumbent weight, and to have a beautiful effect, they measured a man’s height by the 
length of the foot, which they found to be a sixth part thereof, and thence deduced the 
proportions of their columns. Thus the Doric order borrowed its pro]>ortion, strength, 
and beauty from the human figure. Oir similar principles, they afterwards built the temple 
of Diana ; but in this, from a desire of varying the proportions, they used the female 
figure as a standard, making the height of the column eight times its thickness, for tl)e 
purpose of giving it a more lofty effect. Under this new order, they placed a base as a 
shoe to the foot, 'fliey also added volutes to the capital, resembling the graceful curls of 
the hair, hanging tlierefrom, to the right and left, certain mouldings and foliage. On the 
shaft, channels were sunk, bearing a resemblance to the folds of a matronal garment. 
Thus were two orders invented ; one of a masculine character, without ornament, the other 
of a character approaching the delicacy, decorations, and proportions of a female. 'I'he 
successors of these people, improving in taste, and preferring a more slender proportion, 
assigned seven diameters to the height of the Doric column, and eight and a half to the 
Ionic. ITiat species, of which the lonians were the inventors, has received the appellation 
of Ionic. The third species, which is called Corinthian, resembles, in its character, the 
graceful elegant appearance of a virgin, whose limbs are of a more delicate form, and 
whose ornaments should be unobtrusive. Hie following is the fabulous account of the 
origin of the capital of this order. {Fig. 9,‘J.) A Corinthian virgin who was of mar- 
riageable age, fell a victim to a violent disorder ; after her 
interment, her nurse, collecting in a basket those articles to 
which she had shown a partiality when alive, carried them 
to her tomb, and placed a tile on the basket, for the longer 
preservation of its contents. Hie basket was accidentally 
placed on the root of an acanthus plant, which, pressed 
by the weight, shot forth, towards spring, its stems and 
large foliage, and in the course of its growth, reached the 
angles of the tile, and thus formed volutes at the extremi- 
ties. Callimachus, wlio, for his great ingenuity and taste 
in sculpture, was called by the Athenians /cararcxi^or, hap- 
Fig. M. oRioiN OF toRiNTiiiAK cAPiTAu p^jHing Rt tliU tlmc to pRss by the tomb, observed the basket 
and the delicacy of the foliage that surrounded it. Pleased with the form and novelty of the 
combination, be took the hint for inventing these columns, using them in the country about 
Corinth,” &c. Now, though we regret to damage so elegant and romantic a story, we 
must remind those who would willingly trust the authority we have quoted, that Vitruvius 
speaks of matters which occurred so long before bis time, that in such an investigation as 
tliat before us we must have other authentication than that of the author we quote, and 
moat especially in the case of the Corinthian capital, whose type may be referred to in a 
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e examples of Egyptian capitals, one of which, among many, is seen 
in^^r. 94. 

HI. The progress of the art in Greece, whose inhabitants, in 
the opinion of the Egyptian priests in the time of Solon, were 
so ignorant of all science that they neither unrierstootl the mytho- 
logy of other nations nor their own ( Plato, in Timao), cannot be 
satisfactorily followed between the period assigned to the siege of 
'IVoy and the time of Solon and Pisistratus, or about 590 a. c. Hut 
it is, however, certain thrt within four centuries after Iiomer*R time, 
notwithstanding their originally coarse manners, the Grecians attained 
the highest excellence in the arts. Gogiiet is of opinion the nurture 
of the art was principally in Asia Minor, in which country, he thinks, 
we must seek for the origin of the Doric and Ionic orders, whilst 
flu. 91. ■<»\rriAN CAPITAL, in Greece Proper the advancement was slow. Tlie Corinthian order 
w.ss however, the last invented, and it seems generally agreed that its invention belongs to 
the mother country ; but this we shall not stop to discuss here. ITie Temple of Jupiter, 
at Olympia, one of the earliest temples of Greece (Pausanias, Eliac. Pr. c. 10.), was 
built about 630 years liefore the Ciinstian aera.; and after this period were reared 
temples at Samos, Priene, Ephesus, and Magnesia, and other places up to that age when, 
under the administration of Pei ides, the architecture of Greece attained perfection, ard 
the highest beauty whereof it is supposed to he susceptible, in the Parthenon {fig, 95 ) 




at Athens. The date of the erection of one of the temples of Di.ma, nt Ephesus, was as 
remote as that of the temple of Jupiter. If Livy had sufficiently our confidence, and lie 
concede that other writers corroborate his statement ^lib. i. c. 45.), its date is as ancient as 
the time when Servius Tullius was king of Rome. Great, however, as were the works 
winch the Greciuna executed, the mechanical powers were, if one may judge from Thucy- 
dides (lib. iv.), not then compendiously applied fo' raising weights. 

142. The origin of the Done ortiei Is a (piesiion not e.isily disposed of. Many provinces 
of Greece bore the name of Doria ; but a name is often tlie least satisfactory mode of ac- 
counting for the birth of the thing which bears it. We have already attempted to account 
for the parts of this order by a reference to its supposed connection with the hut. The 
writer, in the Encyclopidie Metfiodique, truly says that if the Doric had an inventor, that 
inventor was a people whose wants were, for a long period, similar, and with whom a style 
of building prevailed suitable to their habits and climate, though but slowly modified and 
carried to perfection. At the beginning of this section, we have, however, sufficiently 
spoken on this matter. But there are some peculiarities to be noticed with respect to the 
Doric order, which we think will be better given here than in the third book, where we 
propose to treat of the orders more ftilly; and these consist in the great differences which 
are found in its proportions and parts in different examples. For this purpose, several 
buildings have been arranged in the following table, wherein the first column exhibits the 
hame of the buildbg; the second the height of the column, of the example as e nume- 
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rator, and ha lower diameter aa a denominator, both In Engliah feet ; the third ia the 
quotient of the aecond, showing the height of the column, expressed in terms of ita lowei 
diameter ; the fourth column shows the height of the entablature in terras of the diameter 
of the column ; the fifth column gives the distance between the columns in the sams 
terms ; and the sixth shows the height of the capitals also in the same terms : 


1 

1 Bxampla 

Height divided 
bv lower Dliimeter 
In £nitU.h Feet. 

DiAmetcn 

JilKh. 

HetebtoT 
£ntal)l«turt 
In Termi of 
Diameter. 

Intereo* 

lainniatkms. 

Ildchtef 
Capital 
in temuflf 
Diamesar. 

Temple at Corinth • - . 


23*713 

5*83 


4'005 


1*362 

•405 

Hypaethral Temple at Pecstura 


28-950 

700 


4*134 

1*741 

1*167 

•549 

Enneaityle Temple at Paatum 


21*000 

4*85 


4*329 

1*140 

1*064 

'500 

Greater Hexaatyle Temple at Solinug 


32-678 
' 7-49 

- 

4*361 

2*200 

1*490 

•490 

Temple of Minerva at Syracuse 


28*665 

6-50' 

- 

4 410 


. 

•486 

Octastyle Hypaethral Temple at Seliima 


48-585 

10*62 

- 

4*572 

2*038 

1-023 

•460 

Temple of Juno Luclna at Agrigentum 


21*156 

4-S9' 

- 

4*605 

. 

. 

•570 

Temple of Concord at Agrigentuin 


22 062 

4«4 

« 

4 758 

1*976 

1-071 

*487 

Hexastyle Temple at Pacstum 


20-353 

- 

4-795 

1-917 

1*111 

•664 

Temple of Jupiter Panhellenlua at Egina 


17-354 

8 22 

- 

5*395 

• 

1 680 

-486 

Parthenon « • • - 


84-232 

6*15 

- 

5-566 

1*977 

1-275 

•459 

Temple of Theseus at Athena 


18*717 

3-80" 

- 

5-669 

1*964 

1*250 

■502 

Temple of Minerva at Suniura 


19-762 
“ 8-34 

1 

- 

5-899 

1*928 

1 472 

•372 

Doric Portico of Augustus at Athens 


26*206 

4-33 

- 

6*042 

1-724 

1-046 

•374 

Temple of Apollo, Island of Delos • 


18721 
3-0 2 

- 

6052 

1 

1 900 

1 500 

•555 

Temple of Jupiter Nemeus - • 


33 932 
6' 22' 

- 

6-515 

1-660 

1-348 

•383 

Portico of Philip of Macedon ■ 


19-330 

2-96 

- 

6*535 

1-8G7 

2*700 

*430 


H3. Casting our eye down the third column of the above table, we find the height of 
the column in terms of its lower diameter varying from 4*065 to 6*535. Lord Aberdeen 
{Inquiry into the Principles of Beauty in Greek Architecturey 1822) seems to prefer the pro- 
portion of the capital to the column, as a test for determining its comparative antiquity ; 
but we are not, though it is entitled to great respect, of his opinion, preferring, as we do, 
a judgment from the height as compared with the diameter to any other criterion ; although 
it must be admitted that it is not an infallible one. llie last columns shows what an in- 
constant test the height of the capital exhibits. There is another combination, to which 
reference ought to be made, — the height of the entablature, which forms the third column 
of the table, in which it appears that the most massive is about one third the height of tlie 
whole order, and the lightest is about one fourth, and that these proportions coincide with 
the thickest and the thinnest columns. 

144. The entasis or swelling, which the Greeks gave to their columns, and first veri- 
fied by the observations of Mr. Allason, was a refinement introduced probably at a 
late period, though the mere diminution of them was adopted in the earliest times. 
The practice is said to have its type in the law which Nature observes in the formation 
of the trunks of trees. This diminution varies, in a number of examples, ftrom one 
fifth to one third of the lower diameter \ a mean of sixt^ exaipples gives one fourth. 
The mere diminution is not, however, the matter for consideration ; but the curved 
outline of the shaft, which is attributed to sohie refined perception of the Greeks. 
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reUtive to the appMrent diminution of objects as their distance from the eye wan iiwreaaed, 
which Vitruvius imagines it was the object of the entasis to correct It cMnnot he denied 
that in a merely conical shaft there is an appearance of concavity, for which it is difficult 
to account llie following explanation of this phenomenon, if it may he so called, is 
given by our esteemed and learned friend, Mr. Narrien, in the Encyc. Metropol, art Ar- 
chitecture. ** When,” he observes, ‘Mve direct the axis of the eye to the middle of a tall 
column, the organ accommodates itself to the distance of that part of the object, in order 
to obtain distinctness of vision, and then the oblique pencils of light from the upper and 
lower parts of the column do not so accurately converge on the retina ; hence arises a 
certain degree of obscurity, which always produces a perception of greater magnitude than 
would be produced by the same object if seen more distinctly. ITie same eitplanation 
may serve to account for the well-known fact, that the top of an undiminished pilaster 
appears so much broader than the body of its shaft ; to which, in this case, may be added 
some prejudice, caused by our more frequently contemplating other objects, as trees, which 
taper towards their upper extremities.” Connected in some measure with the same optical 
deception is the rule which Vitruvius lays down (book iii. chap. 2.) for making the 
columns, at the angles of buildings, thicker than those in the middle by one fiftieth part 
of a diameter, — a law which we find followed out to a much greater extent in the temples 
of the Parthenon and of Theseus, at Athens, where the columns at the angles exceed in 
diameter the intermediate ones by one forty-fourth and one twenty-eighth respectively. 
Where, however, the columns were viewed against a dark ground, some artists think that a 
contrary deception of the eye seems to take place. 

H5. In the investigation of the Doric order, among its more remarkable features are to 
be noted the longitudinal stria;, called fitiita, into which the column is cut ; every two 
whereof unite, in almost every case, in an edge. Tlieir horiTiontal section varies in different 
examples. In some, the flutes are formed by segments of circles ; in others, the form ap- 
proaches that of an ellipsis. The number all round is usually twenty; such being the case 
at Athens; but at Pajstum the exterior order of the great temple has twenty-four, the lower 
interior order twenty, and the upper interior sixteen only. It has been strangely imagined, 
by some, that these flutings, which, be it remembered, are applied to the other orders as 
well as to the Doric, were provided for the reception of tlie spears of persons visiting the 
temples. The conjecture is scarcely worth refutation, first, because no situation for the 5oupo- 
ooK^ (place for spears) would liave led to their more continual displacement from accident; 
wid secondly, because of the sloping or hemispherical form in the other orders, the foot of 
the spear must have immediately slid off. Their origin may probably be found in the 
polygonal column, whose .sides received a greater play of light by being hollowed out, — a 
rehnement which would not be long unperceived by the Greeks. 

146. We shall now notice some of the more important Doric edifices, as connected with 
tim later history of the Doric order, which was that most generally used by the Kuropean 
states of Greece, up to their subjugation by the Homans. The temple of Jupiter Pan- 
hellenius, at Egina, is probably one of the most ancient in Greece. The story, however, of 
1 ausanias, that it was built by A:acus, before the war of Troy, is only useful as showing 
us Its high antuiuity. ( T///. 96. ) The proportions of its columns and entablature are to be 
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round in $ priding page. The sculpture with which this building was decorated is now 
at^ Munich, fhwght perhaps^ not so old as the building iVteif, it is of an antiquity coeval 
with the Persian invasion. 77ie name of the architect of this temple was Lihen, cf whom 
DO other work is known ; its age is, perhaps, from about 600 years before Christ Ihe 
Doric temple at Corinth, of which five columns, with their architrave, are still in existence, 
is a very early specimen of Grecian architecture. The assertion that it was dedicated to 
Venus is unsupported by testimony. 

147. The Grecian temples in Sicily were erected at periods which it is not easy to fix ; 
and with respect to them, we can only, from circumstances connected with the island, reason 
on the dates to be assigned to them. ITic founding of the city of Se)i?iiis or Selinuns, on 
the south-west coast of the island, has usually been attributed to a colony from Megara ; 
hut we are of o]nnion with the Uaron Pisani (Memor/a suLle Metope Selhuntine) that it 
existed as a Phwnician city long previous to the settlement there by the Megaraeans. Tlfe 
style and forms of the sculpture of the Selinuntine temples seem to bear marks of a 
remoter age than is usually allowed to them, that is, 500 b.c. ; they ate dated 600 b.c. by 
Angell & Evans. (5'cc B. 111.) Of the means and the circumstances under which the 
temples were raised we are ignorant; but their ruins sufficiently indicate the wealth and 
power that were employed upon them, as well as a considerably advanced state of the art. 

148. The temple of Jupiter Olympias, the largest in the island, and one of the most 
stupendous monuments of antiquity, was, as we learn from Diodorus (lih. xiii. p, R2.), 
never completed. The Agrigentines were occupied upon it when the city was taken 
by Hamilcar, cir. 247 b. c. Its columns were on such a scale that their flutes 
were sufficiently large to receive the body of a man. Tlie temples of Peace and of 
Concord, in the few vestiges that remain of them, attest the ancient magnificence of the 
city of Agrigentum, and are among the most beautiful as well as the best preserved 
remains of anti(juity. A Corinthian colony established itself at Syracuse, as is said, 7. 'SO 
H. r. ; but no details of the history of the city furnish us with the means of ascertaining 
when the first temples there were erected. Its riches and magnificence were, however, 
such that it soon became an object of temptation to the Carthaginians. Its temple of 
Minerva is evidently of very remote antiquity. 

149. The great Ilypasthral temple at Paestum was probably constructed during the 
period that the city was under the power of the Sybarites, who dispossessed its original 
inhabitants, enjoying, for upwards of two hundred years, the fruits of their usurpation. 
Marks of Greek art are visible in it, and the antiquity of the Hypncthral temple itself is 
confirmed by the example. 'Fhe city fell into the hands of the Lucaniuns about .q.lO years 
B.c. ; after which, in about 70 years, it was a municipal town of the Homan empire. The 
following is perhaps the chronological order of the principal buildings of Sicily and Magna 
Greccia, viz. Syracuse, Paestum, Selinus, Segeste, and Agrigentum. 

l.'iO. The dates of the edifices at Athens are, without difficulty, accurately fixed. ITie 
Propylacum {Jigs. 97 and 98.) was commenced by Mnesicles about 437 b.c., and, at a great 
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expense, was completed in five years. It is a specimen of the military architecture of the 
period, and at the same time forms a fine entrance to the Acropolis of Athens. At the rear 
of its Doric portico the roof of the vestibule was supported within by two rows of Ionic 
columns, whose bases still remain. By the introduction of these an increased height was 
obtained for the roof, the abaci of the Ionic capitals being thus brought level with the ex- 



terior fiieze of the building. The Parthenon {figs, 99. and 100.) erected a few years later 
under the superintendence of Ictinus, is well known as one of the finest remains of antiquity 



management of public affairs, and was without a rival in Athens. Phidias was the super- 
intendent sculptor employed ; and many of the productions which decorated this magnifi- 
cent edifice have doubtless become known to the reader in his visits to the British Museum, 
M'here a large portion of them are now deposited. Nearly coeval with the Propylaum and 
Parthenon, or perhaps a little earlier, is the temple of Theseus {fig^ 101.), which was, it 
is supposed, erected to receive the ashes of the national hero, when removed from Scyros 
to Athens, llie ruins of the architectural monuments of this city attest that the boasted 
power and opulence of Greece was not an idle tale. Pericles, indeed, was charged by liU 
enemies with having brought disgrace upon the Athenians by removing the public trea* 
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ttirei of Greece from Delos, and lavishing them in gilding their city, and ornamenting it 

with statues and temples that 
cost a thousand talents, as a 
proud and vain woman trici s 
herself out with jewels ( Plu* 
larch's Life of Pericles.) The 
temple of Minerva, at Sunium, 
was probably by Ictinus ; but 
one of the happiest efforts of 
this arcliitect was the temple 
of Apollo Epicurius, in Arca- 
dia, still nearly entire. The 
piculhirities found in it we will 
shoitly detail. The front has 
six columns, and instead of 
thirteen in each flank (the usual 
number) there are fffteen. In 
the interior, buttresses on each 
side, to the number of six, re- 
turn inwards from the walls of the cell, each ending in semicircular pilasters of the Ionic oider. 
These seem to have been brouglit up for the facility of supporting the roof, winch was of 
stone. With the exception of the temple of Minerva at 1 egca, its reputation for beauty was 
such, that it surpassed, if that be a true test, all other buildings in Peloponnesus. Its situ- 
ation is about three or four miles from the ruins of Phigaha, on an elevated part of Mount 
Cut}lus, commanding a splendid landscape, which is terminated by the sea in the distance 
1.51. About 370 B,c., Epnminondas restored the Messenians to independence, and built 
the city of Messene. The ruins still extant prove that the art at that period had not ma- 
terially declined. Its walls, in many parts, are entire, and exhibit a fine example of Grecian 
military architecture in their towers and gates. At no distant time from the age in ques- 
tion the portico of Philip of Macedon, at least his name is inscribed on it, shows that the 
Doric order had undergone a great change in its propoi tions. Tliis portico must have been 
erected about 338 s c., and after it the Ionic order seems to have been more favoured and 
cultivated. The last example of the Doric is perhaps the portico of Augustus, at Athens. 

152. Before proceeding to the investigation of the Ionic order, it inaj here, perhaps, be 
as well to speak of the proportions between the length and breadth of temples, as compared 
with the rules given by Vitruvius (book iv. chap. 4.), that the length of a temple shall he 
double its breadth, and the cell itself in length one fourth part more than the breadth, in- 
cluding the wall in which the doors are placed. Though in the Greek examples these 
proportions are approximated, an exact conformity with the rule is not observed in any. I'he 
length, for instance, of the temple of Jupiter, at Sehnus, is to the breadth as 2*05 to 1 ; in 
the temple of Theseus, as 2 3 to 1 ; and from the mean of six examples of the Doric order, 
selected in Greece and Sicily, is 2*21 to 1. If the flanks be regulated in length by making 
the number of intercolumniations exactly double those in front, it will be immediately seen 
that the proportions of Vitruvius are obtained on a line passing through the aves of the 
columns. But as in most of the Greek temples the central intercolunmiation in front is 
wider than the rest, the length of the temple would necessarily be less than twice the width. 
In the earlier specimens of the Doric order the length is certainly, as above mentioned m 
the temple of Jupiter at Sclinus, very nearly in accordance with the rule ; but in order to 
counteract the effect of the central intercolumniation being wider, the number of columns, 
instead of intercolumniations on the flank, is made exactly double those in front. In 
the later examples, however, as in the temples of Theseus and the Parthenon, and some 
others, the number of intercolumniations on the flank was made double the number of 
columns in the front, whence the number of columns on the flanks was double the number 
of those in front and one more ; so that the proportion became nearly in the ratio of 2*3 to 1. 
Tile simiilicity which flowed from these arrangements in the Grecian temples was such 
that it seems little more than arithmetical architecture, — so symmetrical that from the three 
data, the diameter of the column, the width of the intercolumniation, and the number of 
columns in front, all the other parts might be found. 

153 The Ionic order, at first chiefly confined to the states of Asia Minor, appears to have 
been coeval with the Doric order. The most ancient example of it on record is the temple 
of Juno, at Samos. Herodotus {Euterpe) says, it was one of the most stupendous edifices 
erected by the Greeks. In the Ionian Antiquities (2d edit vol. i. c. 5.) is to be found an 
account of its ruins. It was erected about 540 years a.c., by llhaecus and ITieodorus, two 
natives of the island. The octastyle temple of Bacchus, at Teos, in whose praise Vitruvius 
was lavish, shows by its ruins that the old master of our art was well capable of appre- 
ciating the beauties of an edifice. Hermogenes, of Alabanda, was its architect, apd he 
seems to have been the promoter of a great change in the taste of his day. Vitruvius 
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(lib. iv. c. 3.) te>U ... th.t U oflie 

for a Doric temple, changed ht^ ^ hotvever, to observe upon this, that 

Jotiic order, in honour of JJacchus ' *' , is Drobable that this splendid buildiiic 

the story is not confirmed by any otlier xiv ), all the sacred 

was raiLd after the Persian invasion ; Resides this 

edifices of the Ionian cities, Ephesus exceptc , built ^about 376 b.c , and of 

octastyle temple, those of of Macedon, are the chief temples ox 

Minerva Polias, at IViene, dedicated by Alexander of remaining re 

this order of much fame in the colonies, ^e shall therefore ^nnne g 

marks to the three Ionic temples at Athens, and shall, as in the Done oracr. luoio n 
tvnontical view of their detail. 


h xam]ilc 

lleiuhi 

bv lower Diameter, 
in LntflUh Feet. 

Diemetfi* 

biKh. 

HelKht of 
Kntablature 
In terrjMof 
Diameter. 

Interto* 

Ivmnlatlona. 

Heifcbt of 
Ca)>itaJ in 
terma of 
Diameter. 

UpptT 
Diame er> 
lower IHam. 
being 1 000. 

Tcmi>le on the Ilyssus 

14 fi04 ^ 

1 783 

8 241 

2 265 

2 090 

0-610 

•850 

Ttmple of Minerva Polia* - 

2').i87 ^ 

Z 7»G 

9 119 

2 287 

3 500 

0 700 

i 

•833 

Temple of Erectheua 

21 fii'i ^ 

2 317 

9 337 

1 


2 000 

0 773 

‘816 


154. We here see that inc ionic column -n- sie 

a quarter to nearly nine and a half, and the upiier diameter in wii th between ^ and 
•J'llc (lissiiniliiily of tl.c capitals rc-iidcrs it impossible- to compa.c them. Ihe mean beigbl 
of tl.e entablatuio is about a fourtb of the height of the uhole order 1 he height ot the 
Grecian Ionic cornice- may he generally emisidercd as two-nintbs of the who e entahlatiire^ 

155. The age of the duuhle temple of Mincna I’olias (fit/. lOJ.) and Lrcctheus ha. 
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now been stated as not completed in b.c. 409, at which time a committee was appointed to 
repot t oil its condition. Fergusson, On the Erechtheum, read at the Royal Institute of 
British Architects, 1875-76, and 1878-79. 

156. In the bases applied to the order in the Athenian buildings there are two tori, with 
a scotia or trochHus between them, a fillet below and above the scotia separating it from 
the tori, The lower fillet generally coincides with a vertical line let fall from the extreme 
projection of the upper torus. In the temple on the Ilyssustbe loner fillet projects about 
half the distance between the hollow of the scofia and the extremity of the inferior torus. 
Tlie height of the two tori and scotia are nearly equal, and a bead ia placed on the upper 
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torus fbr the reception of the nlinfl vf the column. The temples of Erectheus and tliat oir 
tile Ilyssus hare the lower tori of their bases uncut, whilst the upper ones are Huted hori- 
eontally. In that of Minerva Polios, the upper torus is sculptured with a guilloche. The 
base Just described is usually denominated the Attic Rase, though also used in the 
colonies. The bases, however, of the temples of Minerva Polios at Priene, and of Apollo 
Didymteus near MiJetus, are very differently formed. 

157. The Volute, the great distinguishing feature of the order, varies considerably in 
the different examples. Jn the edifices on the Ilyssus and at Priene, as well as in that of 
Apollo^ Didymsus, the volute has only one channel between the revolutions of the spiral ; 
whilst in those of Erectheus and Alincrva Polias, at Athens, each volute is furnished with 
two distinct spirals and channels. In the temple on the Ilyssus, the capital is terminated a 
little below the eye of the volute ; in the others it reaches below the volutes, and is de- 
corated with honeysuckle Dowers and foliage. 'flie number of flutes, which on the plan 
are usually elliptical, is twenty-four, and they are separated by fillets from each other. In 
some examples they descend into tlie apophyge of the shaft. 

158. 'J'he tomb of Theron, at Agrigentum, in which Ionic columns and capitals are 
crowned with a Doric entablature, has, by some, been quoted as an example of the loniv 
order ; but we do not believe it to be of any antiquity, and, if it were, it is so anomaloul 
a specimen that it would be useless to pursue any inquiry into its foundation. 

159. In the anta: or pilasters of this order, as well as of the Doric, their capitals differ 
tn ))rofile from the columns, and are never decorated with volutes. U'heir breadth is usually 
less than a diameter of the column, and they are not diminished. 

160. The highest degree of refinement of Greek architecture is exiiibited in its examples 
of the Corinthian order, whose distinguishing feature is its capital. We have, in a pre- 
ceding page (1.‘19), given Vitruvius’s account of its origin; but we much doubt whether 
Callimachus was its inventor. 

161. The capitals of Egyptian columns are so close upon the invention, that we ap- 
prehend it was only a step or two in advance of what had previ- 
ously been done. The palm leaf, lotus flower, and even volutes, 
had been used in similar situations in Egypt, and the contour of 
the lotus flower itself bears no small resemblance to the bell of 
the Corinthian capital. 

1 62. We are inclined to assign the period of the latter part of 
the Peloponnesian war as that in which the order first came into 
use. We find from Pausanias {Arcad. c. 45.) that 5>copas, the 
celebrated architect of Paros, rebuilt the temple of Minerva at 
Tegjea, which was destroyed by fire about 400 years «.( ., and that, 
according to that author, it was the largest and most beautiful 
edifice in the Peloponnesus. The cell, which was hypaethral, was 
surrounded by two ranks of Doric columns, which were surmounted 
by others of the Corinthian order. The peristyle of this temple 
was Ionic. * 

le,*?. The delicacy of formation of this order has, doubtless, 
subjected its examples to earlier destruction and decay than have 
attended the other orders : hence our knowledge of it is almost 
confined to the examples we meet of it in the Tower of the Winds, 
and the Choragic monument of Lysicrates {Jig. 103.), both at 
Athens; the former whereof can scarcely be considered Corinthian, 
and the latter not very strictly so. It was erected about .330 years 
B.C., as appears from the inscription on the frieze. These Choragic 
buildings, usually of small dimensions, were erected in honour of 
those who, as choragi or leaders of the chorus in the musical games, 
were honoured with the prize, which was a tripod. The following 

. are the proportions observed in the Choragic monument of Ey 

riff. 105. euoRAote mokumbmt or . 

LYuoRATM. sicratcs : — 


Height of columns in English feet . . . ■ . . II *(>37 

Height of columns in terms of lower diameter . . 

Height of capltHl In terms of lower diameter .... 1-2U: 

Upper diameter of shaft in terms of the lower diameter , . 0-833 

Height of the architrave In terms of the lower diameter . , 0 8W> 

Height of the frieze in terms of the lower diameter . . 0-483 

Height of cornice in terms of the lower diameter . , 0-833 

Total height of entablature in terms of the lower diameter . 21 66 


From which it appears that the entablature is less than a fifth of the total height of the 
order. The intercolumniations are 2-200 diameters. The base is little different from that 
used in the Ionic order. 

164. In the ornaments applied for the decoration of the sacred edifices of the Greeks. 
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they imitated the real and symbolical objects used in their worship. Tluis, at the temple 
of Apollo at Teos, the lyre, tripod, and griffin occur; in the Temple of the Winds at 
Athens, the winds are personified on the walls ; the Choragic monument of Lysicrates ex- 
hibits tlie consequences of a contempt of music ; on the temple of Victory, at the entrance 
of the Acropolis, was recorded, on the very spot, the assault and repulsion of the Amazons ; 
the Lapitho; are vanquished again in the temple of Theseus, the founder of the city ; and 
lastly, in the Parthenon is brought before the eye, on a belt round the cell of the temple, 
the Panathenaic procession, which, issuing from the door of the cell, biennially perambulated 
the edifice, whilst its pediment perpetuates the contest between Neptune and Minerva for 
the honour of naming the city, and calls to remembrance the words of Cicero, “ De quorum," 
( Atheniensium,) “ urbis possessione, propter pulchritudinem ctiain inter deos certamen 
fuisse proditum est,” See. In the capitals of the Corinthian examples just noticed the leaves 
are those of the olive, a tree sacred to the tutelary goddess of Athens, and on that account as 
well as its beauty of form and simplicity adopted by a people whose consistency in art has 
never been excelled. 

1 65. Besides the method of supporting an entablature by means of columns, the em- 
ployment of figures was adopted, as in the temples of Erectheus and Minerva Polias before 
mentioned (see Jiff. 102.). They were called Caryatides ; and their oiigin, according to the 
account of it by Vitruvius (lib. i. c. 1.), w'as that Carya, a city of Peloponnesus, having as- 
sisted the Persians against the Grecian states, the latter, when the country was freed from 
their invaders, turned their arms against the Caryans, captured their city, put the males to 
the sword, and led the women into captivity. The architects of the time, to perpetuate the 
ignominy of the people, substituted statues of these women for columns in tlieir porticoe.s, 
faithfully copying their ornaments and drapery. It is, however, certain that the origin 
of their application for architectural purposes is of far higher antiquity than the invasion of 
Greece by the Persians, and in the above account Vitruvius is not corroborated by any 
other writer. Herodotus (Po///;nw 2 a), indeed, observes that some of the states whom he 
enumerates sent the reejuired offering of salt and water to Xerxes ; but no mention is made 
of Carya, whose conduct, if punished in such an extraordinary manner, would have been too 
curious a matter to have l>ecn passed over in silence. Whether the use of statues to perform 
the office of columns travelled into Greece from India or from Egypt, we will not pretend 
to determine. Both, however, will furnish examples of their ap])lication. In the latter 
country we find them employed in the tomb of King Osymandyas {Diodorus^ tom. i. f. 56. 
We.sseling). Diodorus also, speaking of Psammeticus, says that having obtained the whole 
kingdom, he built a propyhciim on the east side of the temple to the god at Memphis, 
which temple he encircled with a wall ; and in this propylarum, instead of column.s, substi- 
tuted colossal statues (wtoAottoos virocrriffas') twelve cubits in height. 

166. The application of statues and representations of animals is a prominent feature in the 
architecture of Egypt, whereof the temple at Ipsambool is a striking example, though in 
that the figures do not absolutely carry the entablature (sec Jiy. 7 1.). In India many in- 
stances of this use of statues occur, as in the excavations of the temple near Vellore 
described by Sir C. Mallet {Asint. Res, vol. vi.), wherein heads of lions, elephants, and 
imaginary animals apparently support the roof of the cave of Jugnath Subha ; and at 
Ele))hanta, where colo.ssal statues are ranged along the sides as high as the underside ofllm 
enUblature (see .//</. hy.). But as the settlement of the claims of cither of these couiilb 
to the invention is not our object, we shall proceed to consider how they obtaine^yjSl 
Greece the name that has been applied to them long before the period of which Vitruvius 
s})eaks. 

167. Kapeo, the nut tree which Plutarch ( 5;ywpo,v. lib. ii. ) says received 

its name from its eifect {ndpos, sopor) on the senses, was that into which Bacchus, after co- 
habitation with her, transformed Carya, one of the three daughters of Dion, king of Laconia, 
by his wife Iphitea. Tlie other daughters, Orphe and Lyco, were turned into stones for 
having too closely watched their sister’s intercourse with tlie lover. Diana, from whom 
the Lacedemonians learnt this story, was on that account, as well perhaps as the excellence 
of the fruit of the tree, therefore worshipped by them under the name of Diana Caryatis. 
(^ServiuSy note on 8th Eel. of Virgil, edit. Burinan.) Another account, however, not at all 
affecting the hypothesis, is given of the name of Diana Caryatis in one of the old commen- 
tators of Statius (^BarthiaSy lib. iv. v. 225.). It is as follows. Some virgins threatened 
with danger whilst celebrating the rites of the goddess, took refuge under the branches of 
a nut tree (icapua), in honour and perpetuation whereof they raised a temple to Diana 
Caryatis. If this, however, be an allusion to the famous interposition of Aristomenes in 
protecting some Spartan virgins taken by Ids soldiers, it is not quite borne out by the 
words of Diodorus. Salmasius {Exercit. Pliniana. f. 603. et seq.) says, that Diana was 
worshipped at Carya, near Sparta, under the name of Diana Caryatis ; and tl\at at her temple 
and statue the Lacedemonian virgins had an anniversary festival, with dancing, according to 
^le custom of the country. 

ies» But to return more closely to the subject, we will give the words of Pausanias (Laeo^ 
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«tc«) on the temple to the goddcBs At Carya. ** The third turning to the right leads to Carya, 
and the sanctuary of Diana ; for tlie neighbourhood of Carya is sacred to that goddess and 
her nymphs. The statue of Diana Caryatis is in the open air; and in this place the Lace, 
demonian virgins celebrate an anniversary festival with the old custom of the dance.** 
Kuhnius on the passage in question, after reference to Hesychius, says, “ Caryatides etiam 
dicuntur Laccenee saltantes, sinistra ansatae, uti solebant Caryatides puellas in honorein 
Dianas.” 

169. From the circumstances above mentioned, we think it may be fairly concluded that 
the statues called Caryatides were originally applied to or used about the temples of Diana ; 
and that instead of representing captives or persons in a state of ignominy, they were in 
fact representations of the virgins engaged in the worship of that goddess* It is probabla 
that after their first introduction other figures, in buildings appropriated to other divinities, 
were gradually employed ; as in the Pandroseum (attached to the temple of Minerva Polias), 
for instance, where they may be representations of the virgins 
called Canephorffi, who assisted in the Panathenaic procession. 
Fig, 104. is a representation of one of those used in the Pan- 
droseum (see also Jig. 102.); and Jig. 105. is from the Townley col- 
lection, now in the British Museum. Piranesi conjectured that 
this last, with others, supported the entablature of an ancient 
Roman building restored by bim from some fragments found new 
the spot where they were discovered, which is rather more than a 
mile beyond the Capo di Bove, near Rome. Four of the statues 
were found ; and on one of the three, purchased by Cardinal Albani, 
the following inscription was found; — KPITflN KAI N1K0AA02 
EFIOIOTN ; showing that it was the work of Greek artists. 

170. The republican spirit of Greece tended to repress all ap- 
pearance of luxury in their private dwellings. The people seem to 
have thrown all their power into the splendour and magnificence o( 
their temples ; and it was not till a late period that their houses received much attention. 
Except in the open courts of them, it is difficult to conceive any application of the orders. 
It is ceitain that they frequently consisted of more than one story ; but beyond this all is 
conjecture. In the time of Demosthenes {Orat. adv. Atistocraieni) the private houses had 
begun to be increased in extent ; and the description of them by Vitruvius, who knew 
Athens well, proves that they were then erected on an extent implying vast luxury. 

171. Within the last few years discoveries have been made at Athens, which would lead 
us to the belief that it was the practice of the Greeks to paint in party colours every portion 
of their temples, and that in violently contrasted colours. This has received the name of 
polychrome architecture. It is rather strange that no ancient writer has spoken of the prac- 
£ice, and the only way to account for the omission is by supposing it to have been so com- 
mon that no one thought of mentioning it. From late investigations (Inst, of Brit. 
Architects, Trans, i., 1836.), it appears that many parts of the Parthenon were painted 
or gilt. Thus the coffers of the ceiling were painted, and its frieze ornamented with 
a fret in colours. The whole building, says M. Schaubert, as wtdl as other temples, 
was thickly painted, in the metopse, in the pediment, on the drapery of the figures, 
on the capitals, and on all the mouldings. So that, as he says, with great simplicity, 
with its mouldings and carvings variously coloured, the simple Doric temple of 
Theseus was in effect richer than the most gorgeous example of Corinthian ; and it w'ould 
be worth the trouble to restore with accuracy a polychrome temple. From M. Quast 
{Mitiheilungen iiber Alt und Neu Athen, Berlin, 1834), we learn that the colour was not used 
in a fluid state merely for the purpose of staining the marble, but in a thick coat, so that 
the material was completely covered ; and that in the temple of Theseus this is more 
traceable than in any other. Though the colours, that of blue smalt more especially, 
have left but a grey crust, yet their original tone is still apparent. In this building deep 
blues and reds are the predominant colours, so as to relieve one another, llie corona was 
deep blue, and the gutts of a brown red ; the foliage of the cymatium was alternately 
streaked with blue and red, the ground being green, which colour is applied to the small 
leaves on some of the lesser mouldings. Some of the coffers are coloured of a red inclining 
to purple, on which the ornament is given ; others exhibit a blue ground, with red stars. 
The architrave of the portico was a bright red ; the figures in the frieze were painted in 
their proper natural colours ; traces of the colour show that the walls were green. It 
was not discovered that in the columns more than the arrises of the flutes were painted, 
although the echinus wa«. We do not doubt the accuracy of MM. Semper and Quast, 
later writers on the same subject, but after all it is possible that all this painting may have 
been executed at u period much later than that of tlie buildings themselves. 

172. The most ancient theatres of Greece were constructed inatemporary manner; but 
the little security from accident they afforded to a large concourse of persons soon made the 
Greeks more cautious for their security, and led to edifices of stone, which, in the end, ex- 
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oeMled in nuuniituAs all their other building Their form on the plan (toe fig- *^') *** 
Zni T iSnicircle, and conebSd of two part.; the *e»a, and toOoo>, 



cavea. The scena was at first merely a partition for the actors reaching quite across the 
stage, dressed with boughs and leaves, but in after times was very differently and more 
expensively constructed. It had three principal gates, two on the sides and one in tlie 
centre ; at which last the principal characters entered. Hie whole scene was divided into 
several parts, whereof the most remarkable were — the $pomf7oVy brontanniy under the floor, 
where were deposited vessels full of stones and other materials for imitating the sound of 
thunder ; the tmo-KYjviov, episceniutny a place on the top of the scene, in which were placed 
the machines for changing the various figures and prospects ; the irapcurKijvioyy parasceniuTn, 
which served the actors as a dressing room ; the irpoaKiiviopy prosceniuniy or stage, on which 
the performers acted ; the opxn<^'rpay orchestroy was the part in which the performers danced 
and sang,* in the middle whereof was the \oyfioy or ^vp^Kyjy pu/pitum ; the vrroffK-fjvioif, 
hyjmceniumy was a partition under the pulpitum, where the music was placed ; the KolKoVy 
caveoy was for the reception of the spectators, and consisted of two or three divisions of 
several seats, each rising above one another, the lowest division being appropriated to 
persons of rank and magistrates, the middle one to the commonalty, and the upper one to 
tlic women. Hound the cavea porticoes were erected for shelter in rainy weather, the 
theatre of the Greeks having no roof or covering. The theatre was always dedicated to 
Bacchus and Venus, the deities of sports and pleasures ; to the former, indeed, it is said 
they owe their origin : hence, the plays acted in them were called AiovvaiuKOy Dionysiacay 
as belonging to or Bacchus. Every citizen shared by right in the public diver- 

sion and public debate ; the theatre was therefore open to the whole community. 

173. The Athenian ayopaiy or foray were numerous ; but the two most celebrated were the 
old and new forum. Tlie old forum was in the Ceramicus within the city. The assemblies 
of the people were held in it, but its principal use was as a market, in which to every 
trade was assigned a particular portion. 

174. The supply of water at Athens yas chiefly from wells, aqueducts being scarcely 
known there before the time of the Romans. Some of these wells were dug at the public 
expense, others by private persons. 

1 75. The first gymnasia are said to have been erected in Lacedemonia, but were after- 
wards much improved and extended, and became common throu^out Greece. 'JThe gym- 
nasium consisted of a number of buildings united in one enclosure, whereto large num- 
bers resorted for different purposes. I n it the philosophers, rhetoriciaitt, and professors of all 
the other sciences, delivered their lectures ; in it also the wrestlers and dancers practised and 
exercised ; all which, from its space, they were enabled to do without interfering with one 

another. The chief parts (Jig, 107.\ following Vitruvius (lib. v.*cap. 11.), are the irt- 

purruKioVyperistyliumy which included thea<patpt(rr^piotf, spfueristerinmy and iraXodar pay palestra 
I, 2, S, are the (rrocu, portieus, with bb, t^eBpeUy exhedresy where probably the scholars used 
Id meet ; 4, 4^ is the double portico looking to the south ; c, eplunhewny where the 
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«phcbi‘ (►r youths exeroisedt or, as some say, where those that designed to ej^ercise met and 
agreed wh^ kind of eiercise the/ should contend in, and what mould W the victor’s ro 
ward ; n, is the coryceum ; s, the Koviar^ptav, eonisterium, where the dust was kept for 
sprinkling those that had bem anointed ; v is the cold bath ^fiigidu tavatio) ; g, the cAaio< 

Stator, timoUwsivm, or place for 
anointing those that were about 
to wrestle ; h, the frigidarivm, oi 
cold chamber ; i, passage to the 
propign&m, or furnace ; the 
propigneum ; n, tlie arched sa- 
ilatio, for sweating ; n, the /aro» 
u/ctun ; o, the hot bath (calida 
lavatio); 5, 7, the two porticoes 
described as out of tl)e palaestra, 
of which 7 forms tlic xystus, and 
6 a double portico \ a a, the omt- 
gines, or of the X)'stiis, to 

separate the spectators from tiie 
Wrestlers ; b h, tlie middle part 
excavated two steps, c c, down ; 
Q Q, gardens ; d d, walks ; ee, ata^ 
tionea for seats ; a it, ^mra., xgata, 
sometimes called vepiSpoyibts, for 
walking or exercises; s, the *fa- 
dium, with raised seats round it. 

17 ^ 'Hie roo&^of the edifices 
of Athens vary from Hi to 15^ 
degrees in inclination, a” subject 
whidi will be hereafter fully con- 
sidered, when M'e come to investi- 
gate the principles of constructing 
roofs. In Rome, as will hereafter 
be seen, the iiiclination is much 
more. There is nothing to war. 
rant us in a belief that the arch 
w'as known to the Greeks till after 
the age of Alexander, liuleed, 
the want of a name for it in a 
language so geneially copious os 
the Greek, suffices to show tliat 
they were unacquainted with it. 
It was most probably in much earlier use in Italy. Tlse words ^oKos, and )|/aA(s, are 
not used in a sense that signifies an arch until after the reign of the above-named mo- 
narch ; nor is any description extant from which may b.; conceived the construction of an 
arch on scientific principles. 

177. From the time of Pericles to that of Alexander, all the arts, and most es|)ecially 
that of architecture, seem to have attained a high state of perfection. Every moral and 
physical cause had concurretl in so advancing them. But perfection, wlieu once reached 
in the works of man, is only the commencement of their falling aw'ay from it. Liberty, 
the love of country, ambition in every department of life, had made Athens the focus of the 
arts and sciences : the defeat of the Persians at Marathon and other celebrated victories 
had brought peace to the whole of the states of Greece. In the space of time preceding 
the Peloponnesian war, there seems to have been, as it w€fre, an explosion of e^ery species of 
talent, and it w'as at this period that they set about rebuilding the ^mples and other edifices 
that the Persians had thrown down, of which a wiae policy had preserved the ruins, so that 
tlie contemplation of desolation and misfortune afforded them an eloquent reminiscence of 
the peril in which they continually stood. It was indeed only after the flight of the 
neral of Xerxes, and the victory gained by Themistocles, that a general restoration of tlieir 
monumenU and the rebuilding of Athens were set about. Ibese were the^e troplii^ of 
the battle of Salamis. About 835 years B.r. Alexander became master of Greece. Fired 
with every species of^jgl^y, and jealous of leaving to posterity monuments that should be 
unworthy of his greatness and fame, or other than proofe of the refinement of his taste, 
this prince gave a new in^^pulse to genius hy the exclusive choice that he made of the 
most skilful artists, and by the liberal rewards lie bestowed upon Uiem. ^llie sacking of 
Corinth by the Romans in less than two centuries (about 146 b,c.) was the first disaster 
that the fine arts encountered in Greece ; their overtlifow there w$$ soon afterwards com- 
ideted by the country becoming a Roman province. At the foiMr occurrence PolybiuC 
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(oitaJ by StraLo) uyi, that during the plunder the Roman aoldiera vr»e seen castin 
th&r dice on the celebrated picture of Bacchus by Aristides, Juvenai well describes sue 
M scene ( Satire xi 100*): — 

Tunc radia et Gt/Urs minri neaclua Mrtea, 

Urhlbus everaia, prsedurum in parte reperta 
Magnorum artlficHm ftangehat pocula milea 

^Tlie well-known story of the consul Mummius shows either that tie higher ranks among 
^9Eie Roman citizens were not very much enlightened on the arts, or that he was a singular 
^HS^lockhead. We have now arrived at the period at which Greece was de^oiled and Items 
enriched, and must pursue the history of the art among the Romans ; incidental to which a 
I^'^ort digression will be necessary on Etruscan architecture. 


Sect. XII. 

KTaOSCAN ARCHITECTURE. 

178. The inhabitants of Etruria, a country of Italy, now called Tuscany, arc supposed 
to have been a colony from Greece. They certainly may have been a swarm from the 
originat-hive (see DruidicaU Celtic, 13.; and Cyclopean Architecture, 32.) that passed through 
Greece in their way to Italy. The few remains of their buildings still existing show, from 
their construction, that they are coeval with the walls of Tiryns, Mycenae {figa, 9. and 10.), 
and other works of a very early age ; and it is our own opinion that the wandering from that 
great central nation, of which we have already so much spoken, was as likely to conduct the 
Etrurians at once to the spot on which they settled, as to bring them through Greece to the 
place of their settlement. It is equally our opinion that, so far from the country whereof we 
now treat having received their arts from the Greeks, it is quite as possible, and even likely, 
that the Greeks may have received their arts from the Etruscans. The history of Etruria, 
if we consult the different writers who have mentioned it, is such a mass of contradiction and 
obscurity, that there is no sure guide for us. It seems to be a moving picture of constant 
emigration and re-emigration between the inhabitants of Greece and Italy. The only point 
upon which we can surely rest is, that there were many ancient relations between the two 
countries, and that in after times the dominion of the Etruscans extended to that part of 
Italy which, when it became occupied by Grecian colonies, took the name of Magna 
Graecia. The continual intercourse between the two countries lessens our surprise at the 
great similarity in their mythology, in their religious tenets, and in their early works of 
art. We are quite aware that the learned Lanzi was of opinion ( Saggio di Lingua Etrusca), 
that the Etruscans were not the most ancient people of Italy. We are not about to dispute 
that point. He draws his conclusion from language ; we draw our own from a comparison 
of the masonry employed in both nations, from the remains whereof we should, if there be 
a difference, assign the earliest date to that of Hetruria. This, to be sure, leaves open the 
question whether the country was preoccupied ; one which, for our purpose, it is not ne- 
cessary to settle. We have Winkelman and Guarnacci on our side, who from medals and 
coins arrived at the belief that among the Etruscans the arts were more advanced at a very 
early age than among the Greeks ; and Dr. Clarke’s reasoning tends to prove for them a 
Phcenician origin. 

179. Great solidity of construction is the prominent feature in Etruscan architecture. 
Tlieir cities were surrounded by walls consisting of enormous blocks of stone, and usually 
very high. Remains of them are still to be seen at Volterra (fg, 108.), Cortona, Fiesole 

( Jig. 1 09. ), &c. “ Moenibus,** says Al- 

berti {De Re JEdiJic. lib. vii. c. 2.) “ ve- 
terum priesertim populi Etrurias quad- 
ratum eumdemque vastissimum lapidem 
probavere.” In the walls of Cortona 
some of the stones are upwards of 22 
Roman feet in length, and from 5 to 6 ft. 
high, and in them neither cramps nor 
, cement appear to have been employed. 

^ The walls of Volterra are built after the 

Fla. IDS. 

specimens of walling, the blocks of stone were of an irregular polygonal form, and so dis- 
posed as that all their sides were in close contact with one another. Of this species is the 
wall at Cora, near Velletri. The gates were very simple, and built of stones of an oblong 
square form. The gate of Hercules, at Volterra, is an arch consisting of nineteen stones ; a 
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dreunttUnee which, if its sntii^mty he allowed to be only of a moderately remote period, 
would go far to disprove all Lanxi's reasoning, for, as we have noticed in the preceding ax* 
tide, the arch was unknown in Greece till alter the time of Alexander. According to Gori 
(Museum Etruseum), vestiges of theatres have been discovered among the ruins of some of 
their cities. That they were acquainted with the method of conducting theatrical represent* 
ations is evident from Livy, who mentions an occasion on which comedians were brought from 
Etruria to Rome, whose inhabitants at the time in question were only accustomed to the 
games of the circus. The gladiatorial sports, which were afrerwards so much the delight of 
the Romans, were also borrowed from the same people. They constnictcd their temples 
peripterally ; the pediments of them were decorated with statues, quadrigte, and bassi 
rilievi, in terra cotta, many whereof were remaining in the time of Vitruvius and Pliny. 
Though it is supposed that the Etruscans made use of wood in the entablatures of their 
temples, it is not to be inferred that at even the earliest period they were unacquainted 
with the use of stone for their architraves and lintels, as is sufficiently proved in the Piscina 
of Volterra. 

180. The Romans, until the conquest of Greece, borrowed the taste of their architecture 
from Etruria. Even to the time of Augustus, the species called Tuscan was to be seen by 
the side of the acclimatised temple of the Greeks. 

181. The atrium or court, in private houses, seems to have been an invention of tha 
Pitruscans. Festus derives its name from its having been first used at Atria, in Etruria : 

“ Dictum Atrium quia id genus cdificii primum Atriae in Etruria sit institutum.” We 
shall, however, allude in the next section to Etruscan architecture as connected with 
Roman ; merely adding here, that in about a year after the death of Alexander the nation 
fell under the dominion of the Romans. 


Sect. XIII. 

ROMAK ARCHITECTURE. 

1 82. Tlie Romans can scarcely he said to have had an original architecture ; they had 
rather a modification of that of the Greeks. Their first instruction in the art was received 
from the Etruscans, which was probably not until the time of the Tarquins, when their 
edifices began to he constructed upon fixed principles, and to receive appropriate decoration. 
In the time of the first Tarquin, who was a native of Etruria, much had been done to- 
wards the improvement of Rome. He brought from his native country a taste for that 
grandeur and solidity which prevailed in the Etruscan works. After many victories he 
had the honour of a triumph, and applied the wealth he had acquired from the conquered 
cities to building a circus, for which a situation was chosen in the valley which reached 
from the Aventine to the Palatine Hill. Under his reign the city was fortified, cleansed, 
and beautified. The walls were built of hewn stone, and the low grounds about the Forum 
drained, which prepared the way for the second Tarquin to construct that Cloaca Maxima, 
which was reckoned among the wonders of the world. The Forum was surrounded with 
galleries by him ; and his reign was further distinguished by the erection of temples, schools 
for both sexes, and halls for the administration of public justice. This, according to the 
best chronologies, must have been upwards of GIO years b. c. Servius Tullius enlarged 
the city, and among his other works continued those of the temple of Jupiter Capitolinus, 
which had been commenced by his predecessor ; but the operations of both were eclipsed 
by monuments, for wiiich the Romans were indebted to Tarquinius Superbus, the seventh 
king of Rome. Under him the Circus was completed, and the most effective methods 
taken to finish the Cloaca Maxima. This work, on which neither labour nor expense was 
spared to make the work everlasting, is of wrought stone, and its height and breadth are 
so considerable, that a cart loaded with hay could pass through it. Hills and rocks were 
cut through for the purpose of passing the filth of the city into the Tiber. Pliny calls 
the Cloacae, “ operum omnium dictu maximum, suffossis montibus, atque urbe pensili, sub • 
torque navigata.** The temple of Jupiter Capitolinus was not finished till after the ex<« 
pulsion of the kings, 508 b. c. ; but under Tarquinius Superbus it was considerably ad- 
vanced. In the third consulship of Poplicola, the temple was consecrated. As the name, 
which was changed, imports, this temple stood on the Mons Capitolinus, and embraced, ac- 
cording to Plutarch, four acres of ground. It was twice afterwards destroyed, and twice 
rebuilt on the same foundations. Vespasian, at a late period, rebuilt it ; and upon the 
destruction of this last by fire, Domitian raised the most splendid of all, in which the 
gilding alone cost 1 2,000 talents. It is impossible now to trace tbe architecture of the 
Romans through its various steps between the time of the last kin^, 506 a. c.> and the sub- 
lugation of Greece by that people in the year 145 b. c., a period of 363 years. The 
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disputes in which they were contiinially engaged left them little leisure fur tlie arts of, 
peace ; yet the few inonuments with which we are acquainted sIk>w a power and skill 
that mark them as an extraordinary race. Thus in the year 397 b. c., on the occasion of 
the siege of Veii, the prodigy, as it was supposed, of the lake of Alba overflowing, when 
there was little water in tlie neighbouring rivers, springs, and marshes, induced the av« 
ihorities to make an emissarium, or outlet for the superfluous water, which subsists to this 
day. The water of the lake Alhano, which runs along Castel Gondolfo, still passes through 
it. A few years after this event an opportunity was afforded, which, with more care on 
the part of the authorities, miglit have considerably improved it, after its demolition by 
Brennus. This event occurred 389 b. c., and was nearly the occasion of the population 
being removed to Veii altogether, a place which offered them a spot fortified by art and 
nature good liouses ready built, a wholesome air, and a fruitful territory. The eloquence, 
however, of Camillus pr§yailed over their despondency. Livy (h. vi.) observes, that in 
the rebuilding, the state furnished tiles, and the people were allowed to take stone and 
other materials wherever they could find them, giving security to finish their houses 
within the year. But the haste with which they went to work caused many encroach- 
ments on each other’s soil. Every one raised his house where he found a vacant space ; so 
that in many cases they built over the common sewers, which before ran under the streets. 
So little taste for regularity and beauty was observed, that the city, when rebuilt, was even 
less regular than in the time of Romulus; and though in the time of Augustus, wlien 
Rome had become the capital of the world, the temples, palaces, and private houses were 
more magnificent than before, yet these decorations could not rectify the fault of the plan. 
Though perhaps not strictly within our own province, we may here mention the temple 
built in honour of Juno Moneta, in consequence of a vow of L. Furius Camillus when 
before the Volsci. This was one of the temples on the Capitol ine hill. The epithet above 
mentioned was given to the queen of the gods, a short time before the taking of Rome by 
the Gauls. It was pretended that from the temple of Juno a voice had proceeded, ac- 
companied with an earthquake, and that the voice had admonished the Romans to avert 


the evils that threatened them by sacrificing a sow with pig. She was hence called Monvta 
(from monere). The temple of Juno Moneta becoming afterwards a public mint, the 
medals stamped in it for the current coin took the name of Moneta (money). This temple 
was erected about 345 years b.c., on the spot where the house of Marcus Manlius had stood. 

183. In the time that Appius Claudius was censor, about .309 b. c., the earliest paved 
road was made by the Romans. It was first carried to Capua, and afterwards continued 
to Brundusium, a length altogether of 350 miles. Statius calls it regina viarum. Paved 
with the hardest stone, it remains entire to the present day. Its breadth is about 14 ft. ; 
the stones of whicli it is composed vary in size, but so admirably was it put together that 
they aie like one stone. Its bed is on two strata ; the first of rough stones cemented with 
mortar, and the second of gravel, the thickness altogether being about 3 ft. To the same 
Appius Claudius belongs the honour of having raised the first aqueduct. The water with 
which it supplied the city was collected from the neighbourhood of Frascati, about 100 ft. 
above the level of Rome. 1 he Romans at this time were fast advancing in the arts and 
sciences ; for in about nineteen years afterwards we find Papirius, after his victory over the 
Sarnnites, built a temple to Quirinus out of a portion of its spoils. Upon this temple was 
fixed (P/iny, b. vii. c. (50.) the first sun-dial that Rome ever saw. For a long while the 
Romans marked only the rising and setting of tlje sun ; they afterwards observed, but in a 
rude clumsy manner, the hour of noon. When the sun’s rays appeared between the rostra 
and the house appointed for the reception of the ambassadors, a herald of one of the consuls 
proclaimed with a loud voice that it was mid-day. With the aid of the dial they now marked 
the hours of the day, as they soon after did those of the night by the aid of the clepsydra 
or water-clock. 1 he materials for carrying on the investigation are so scanty, and moreover, 
as in the case of Grecian architecture, without examples whereon we can reason, that we 
will not detain the reader with further speculations, but at once proceed to that period 
(145 B.L.) when Greece was reduced to a Roman province. Art, in the strict application 
of that word, was not proper y understood by the victorious Romans; and a barrenness 
appears to have clung about that whereof we treat, even with all the advantages that Rome 

dhi^-Tmt- iL^'JhP that the impulse given to the arte would have been imme- 

diate , hke the waves generated by the ocean storm, a succession of them was necessary 
^fore tlw billows would approach the coast. Perhaps, though it be only conjectural, the 

f, ® Minerva at Rome, out of the spoils of the 

Mitliridatic war, by Pompey the Great, about sixty years h.c., after a triumph unDaralleled 
perhaps in the history of the world ; after the conclusion of a war of thirty years’^duration, 
millions of his fellow-creatures had been slain a^anquished^ 
1538 towns and fortresses had been reduceo 

U all the countries between the lake Msotis and the Red 

Sea been ^bdu^. It » to be regretted that no remains of thu temple exist The 
macniition ( Pltn, lib. viu o. 26.) was as follows : i n« 
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VOTU31 . MERITO . MINERVAE 

184. Tlie Villas of the Uoraans at this period were of considerable extent; the statub- 
of Greece had been acquired for their decoration, and every luxury in the way of decora- 
tion that the age could afford had been poured into them from the plentiful supply that 
Greek art afforded. To such an extreme was carried the determination to possess every 
thing that talent could supply, that we find Cicero was in the habit of employing two 
architects, Chrysippus and Cluatius (ad Atticumy lib. ill. epist 29. and lib. xii. epist. 18.); 
the first certainly, the last probably a Greek. Their extent would scarcely be credited but 
for the corroboration we have of it in some of their ruins. 

185. Until the time of Pompey no permanent theatre existed in liome: the ancient dis- 
cipline requiring that the theatre should continue no longer than the shows lasted. ITie 
most splendid temporary theatre was that of M.iEmilius Scaurus, who, when adile, erected 
one capable of containing 80,000 persons, which was decorated, from all accounts, with sin- 
gular magnificence and at an amazing cost. History (PUn. xxxvi. 15.) records an extra- 
ordinary instance of mechanical skill, in the theatre erected by Curio, one of Ca?sar*s par- 
tisans, at the funeral exhibition in honour of his father. Two large theatres of timber 
were constructed back to back, and on one side so connected with hinges and machinery 
for tlie purpose, that when the tl>eatrical exhibitions had closed they were wheeled or 
shing round so as to form an amphitheatre, whetein, in the afternoon, shows of gladiators 
were given. Returning, however, to the theatre erected by Pompey, which, to avoid 
the animadversion of the censors, he dedicated as a temple to Venus; the plan (Pliny ^ 
vii. 3. ) was taken from that at Mitylene, but so enlarged as to be capable of containing 
40,0CX) persons. Round it was a portico for shelter in case of bad weather ; a curia 
or senate house was attached to it with a basilica or hall for the administration of jus- 
tice. The statues of male and female persons celebrated for their lives and characters 
were selected and placed in it by Atticus, for his attention to which Cicero (Epht. ad 
Attic, iv. 9.) was commissioned by Pompey to convey his thanks. Tlie temple of Venus, 
which was attached to avoid the breach of the laws committed, was so contrived that the 
scats of the theatre served as steps to the temple ; a contrivance which also served to escape 
the reproach of encountering so vast an expense for mere luxury, for the temple was so 
placed that those who visited the theatre might seem at the same time to come for the 
purpose of worshipping the goddess. At the solemnity of its dedication the people were 
entertained with the most magnificent shows that had ever been exhibited in Rome. Wc 
cannot prolong the account of this edifice by detailing them, — indeed that would be foreign 
to our purpose; but we may add, that such a building presents to us a genuine idea of the 
vast grandeur and wealth of those principal subjects of Rome, who from their own private 
revenues could rear such magnificent buildings, and provide for the entertainment of the 
people shows to which all the quarters of the globe contributed, and which no monarch 
now on earth could afford to exhibit This theatre was finished about 54 b.c. 

186. In the year 45 b.c. Rome witnessed a triumph not less extraordinary than that wc 
have just recorded, — that of Julius Cajsar on his return from Utica. From the commence- 
ment of the civil war that had raged he had found no leisure for celebrating the triumphs 
which induced the people to create him dictator for ten years, and to place his statue in the 
Capitol opposite to that of Jupiter, with the globe of the earth under his feet, and the in- 
scription “To Ca5sar the Demi- God.” We need scarcely remind our readers that his 
first triumph was over the Gauls ; that this was followed by that over Ptolemy and Figypt ; 
the third over Pharnaces and Pontus; and the fourth over Juba. The triumph recorded 
these appropriately ; hut we leave that — merely observing, by the way, that the fruit of his 
victories amounted to 65,000 talents and 2822 crowns of gold, weighing together 20,414 
Roman pounds, — to state that on this occasion the Circus was enlarged, a lake sunk for the 
exhibition of Egyptian and Tyrian galleys, and that In the same year he dedicated a temple 
to Venus Oenetrix, and opened his new forum. Warriors are not often inclined to call in 
the aid of the arts, except for commemorating their own actions. Not so with Cwsar. In 
the year 44 b.c., after his triumph over the sons of Pompey, we once more find him engaged 
in the arts of peace. A temple to Clemency was erected by him, in which his statue was 
placed near to that of the goddess, and joining hands with her. In tlie next year he laid 
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the fouiidatioiu of what at the time were considered two magnificent edifices for the orna 
ment of the city : a temple to "Venus, which for grandeur it is supposed would have sur« 
passed every example of that kind in the world ; and a theatre of very gigantic dimensions, 
«~>both which were afterwards completed by Augustus. But the projects he conceived were 
only equalled by those of Alexander. He began the rebuilding and repair of many towns 
in Italy ; the drainage of the Pontine marshes, the malaria of which is the curse of Rome 
to the present day ; the formation of a new bed for the Tiber from Rome to the sea, for the 
purpose of improving the navigation of that river ; the formation of a port at Ostia for the 
reception of first-rate ships; a causeway over the Apennines from the Adriatic to Rome ; 
the rebuilding of Corinth and Carthage, whither colonies had been sent by him, a scheme 
afterwards perfected by Augustus ; a canal through the Isthmus of Corinth to avoid the 
navigation round the Peloponnesus ; and lastly, the formation of an exact geographical 
map of the Roman empire, with the roads marked thereon, and the distances of the towns 
from each other. Such was Caesar, whom to eulogise would be impertinent. 

187. Augustus deprived the Romans of their liberty, and in return for the deprivation 
consoled them with all the gratification the arts could supply. The victorious Romans 
had known little of the arts in their highest state of refinement, and the degraded Greeks 
were constrained to neglect them. They were in a state of barrenness during a portion of 
the last age of the Roman republic ; nor did they exhibit any signs of fruitfulness until 
( .‘I'sar had established the empire on the ruins of the expiring republic, and his succcs.sor, 
giving peace to the universe, closed the temple of Janus, and opened that of the arts. By 
liim skilful artists, pupils of the great masters, were invited from Greece, where, though 
languishing, they were yet silently working without fame or encouragement. Some who 
had been led into slavery, like Rachel of old, carried their gods with them — the gods of the 
arts. Encouraged by the rising taste of their masters, they now began to develop the 
powers they possessed, and their productions became necessary to the gratification of the 
people. Thus it was that our art, among the others, born and reared in Greece, made 
Italy its adopted country, and there shone with undiminished splendour, though perhaps 
less happy and less durable. Though the exotic might have lost some beauties in the soil to 
which it transplanted, the stock possessed such extraordinary vigour that grafts from 
it still continue to be propagated in every quarter of the globe. 

188. The Greek architects who settled in Italy executed works of surprising beauty: 

they raised up pupils, and founded a school. It must be conceded that it was more an 
imitative than an original school, wherein it wa.s necessary to engraft Roman taste which 
was modified by different habits and climate, on Greek art. And here we cannot refrain 
from an observation or two upon the practice in these days of comparing Greek and Roman 
architecture. Each was suitable to the nation that used it ; the forms of Greek columns, 
their intercolurainations, the inclination of the pediment, were necessarily changed in a 
country lying between four and five degrees further north from the equator. But the su- 
perficial writer.s. whose knowledge occasionally appears to instruct the world, never take 
these matters into their consideration ; and we regret, indeed, to admit that in this country 
the philosophy of the art is little understood by the public, from the professors being ge- 
nerally too much engaged in its practice to afford them leisure for diffusing the knowledge 
they possess. ° ® 

189. Tlie Romans were trained to arms from their cradle; and that they were very averse 

to the cultivation of the arts by their youth, the passage in the jEneid (b. vi. v. 847.), which 
has been so often quoted, is a sufficient proof; 

- Excudent alii spirantia mollius aera 

Credo equidemi vivos duceiit e marmore vultus. 

Tu ropere Imperio populos, Romano, memento ; 

Hce tlbi erunt artes. 


190. Tlicy were at all times anxious to subjugate for their own purposes those nations 
that successfully cultivated the arts : a motive which, joined to the desire of aggrandisement 
induced them at a very early period to carry their arms against the Etruscans, who were in 
a far higher state of cultivation than themselves. Tliis was also one motive to their con- 
duct in Si«ly and Asia Minor; whence, as well as from Greece, they drew supplies of 
artists for Rome, instead of employing their own cithens. 'ITiough in Rome architecture 
lost in simplicity, it gained m magnificence. It there took deeper root than the other arts 
from Its aftording, by the dimensions of its monuments, more splendour to the character of 
so dominating a nation. Its forms are more susceptible of real grandeur than those of the 
other arts, which are put in juxtaposition with nature herself; and hence they were more 
ui keeping with the politics of the people. The patronage of the fine arts by Augustus 
has never before m since been eijualleA They foflowed his good fortune, they dweU in 
the palace, and sat on the throne with him. His boast was not a vain one, when he asserted 
that he found liia capital built of bnck and left it of marble. By him was reared in tho 
capital i» question the temple and forum of Mars the Avenger- the temple of Jupiter 
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Tonans, on the Capitol ; that of Apollo PalatinCf with public librarief ; the portico anJ 
basilica of Caius and Lucius; the porticoes of Livia and Octavia$ and the theatre Mar- 
sel lus. ** The example,” says Gibbon, “ of the sovereign was imitated by bis ministers 
and generals ; and his friend Agrippa left behind him the immortal monument of the Pan* 
theon.” 

191. Under Tiberius and Caligula architecture seems to have been in a state ,of langi^i 
nor do we know of any thing in the reign of Claudius the fifth Caesar, save the completicm 
of one of the finest aqueducts of Rome, that of Aqua Claudiut whose length is 38 miles, in 
more than seven whereof the water passes over arches raised more than 100 ft. from the tur« 
fiice of the ground. Nero’s reign, though his taste bordered more on show than intrinsic 
beauty, was on the whole favourable to architecture. Much could not be expected of a 
man who covered with gilding a statue of Alexander, and decapitated fine statues for the 
punmse of substituting his own head for that of the original. The colossal statues of him- 
self which he caused to be sculptured indicate a mind prone to vice and excess. I'he same 
taste for exaggeration was carried into his buildings. His prodigality in every way was 
inexhaustible ; he seems rather to have left monuments of expenditure than of taste. A 
palace, which from its extraordinary richness has been called the Domus Aurea^ was erected 
for him by his architects Severus and Celcr, than which nothing could be more brilliant 
nor gorgeous ; beyond it no pomp of decoration could be conceived. In the midst of so 
much wealth the only object of contempt was its possessor. The reader may form some 
notion of it when told ( Plin. lib. xxxvi. ) that in finishing a part of it Otho laid out a sum 
equivalent to near 404,000/. sterling. 

192. Galba, Otho, and Vitellius scarcely reigned. It was reserved for Vespasian and 
his son Titus, to astonish the world by masses of architecture such as it may be predicted 

will never again be reared. The 
Coliseum (Jigs. 110. and 129.), 
named, according to some from 
its gigantic dimensions, to others 
from its proximity to a colossal 
statue of Nero, was commenced 
by the father and finished by the 
son. According to Lepsius, the 
seats held 87,000 persons. Fon- 
tana says it w'as capable of con- 
taining 109,000, who could \iew 
the sports in the arena. This we 
think an exaggeration. Taking 
the clear length at 615 feet, and 
breadth at 510 feet, we have an 
area of 246,340 sup. feet, whence deducting .38,842 for the arena, the remainder is 207,498. 
Now supposing this surface coveted with persons standing upright, each occupying only 

2 385 sup. feet, we have but 87,Ov.O, and in the circuit of the upper portico and parts relied 

upon by Fontana, 22,000 could not be placed. Hence the estimate of Lepsius seems 
worthy of confidence. The reader will, from the above description, identify the structure 
mentioned by Martial : — 

Omnis Cssareo cedat labor amphithentro, 

Uiium pro cunctis tama loquatur opub. 

“ Biennio post ac menses novem amphitheatri perfect© opere,” is the expression of Victor 
in respect to the time employed in its construction. Though the monument itself be 
astonishing, still more so is it that such a mass should have taken only two years and nine 
months in building, even with all the means that the emperors had under their power. We 
■hall reserve a more particular description of it. (See p. 94. and 95.) In spite of the 
ravages of time, and the hands, ancient and modern, which have despoiled it for its materials, 
enough still remains completely to exhibit the original plan, and to enable the spectator 
to form a perfect idea of the immense mass. The Baths of Titus were another of the 
wonders of the age. The remains of them are not so perfect as others, but they are still 
majestic. Besides the edifices erected by Vespasian and his son, they made it a part of 
their duty to take measures for the preservation of those which existed, and were in need 
of repair and restoration. 

193. ,T!be last Caesar, Domitian, was of a disposition too wicked to be of service to his 
country i his reign was, fortunately for it, but short. In the j^ear 98, on the death of Nerva, 
Trajan became master of the empire. He had served against the Jews under Vespasian 
and Titus, and probably acquired from them and their example a great taste for archi- 
tecture, in which he shed a lustre upon the country as great as his splendid victories over 
the Persians and Dacians gained for it in the field. Of bis works, which, as Gibbon says, 
bear the stamp of his genius, his bridge over Uie Danube must have been a surprising 
elFort. According to Dio Cassius, this bridge ^^'as co structed with twenty stone piers in 
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the river, 150 ft. high and 60 feet wide, bearing arches of 170 ft. span. It was destroyed 
by Hadrian, his successor : some say out of envy ; but the plea was, that it served the bar 
barians as an inlet to tlie empire, as much as it facilitated the passage of its troops to keep 
them in subjection. His triumphal arches, his column 11I*)» forum, and other 

works, attest the vigour and beauty of the art under the 
reign of Trajan. 'Hie forum was a quadrangle sur- 
rounded by a lofty portico, into which the entrance war 
through four triumphal arches, and in the centre was the 
column. Apollodorus was his principal architect, by 
whom was erected the column above mentioned, which 
was not only the chef-d’oeuvre of the age, but has never 
been surpassed. It is 115 ft. high witii the cap, 132 ft, 
with the Hgure, marking the height of the hill levelUd 
to form the forum. The public monuments with 
which Hadrian adorned every province of the empire 
were executed not only by his orders, hut under his 
immediate inspection. He was himself an artist i and 
he loved the arts, as they conduced to the glory of the 
monarch. They were encouraged by the Antonines, 
as they contributed to the happiness of the people. 
But if they were the first, they were not the only 
architects of their dominions. Their example was 
universally imitated by their principal subjects, who 
were not afraid of declaring to the world that they 
had spirit to conceive and wealth to accomplish the 
noblest undertakings. Scarcely had the proud struc- 
ture of the Coliseum been dedicated at Rome, before 
edifices of a smaller scale indeed, but of the same design 
and materials, were erectetl for the u"e and at the expense of the cities of Capua and Verona, 
Tlie insciiption of the stupendous bridge at Alcantara attests that it was thrown over the 
Tagus by the contribution of a few Tusitanian communities. When Pliny was entrusted 
with the government of Bithyniaand Pontus, provinces by no means the richest or most con- 
siderable ofihe empire, he found the cities within his jurisdiction striving with each other in 
every useful and ornamental work that might deserve the curiosity of strangers, or the gratitude 
of their citizens. It was the duty of the proconsul to supply their deficiencies, to direct their 
taste, and sometimes to moderate their emulation. The opulent senator^ of Rome and the 
provinces esteemed it an honour, and almost an obligation, to adorn the splendour of their age 
end country ; and the influence of fashion very frequently supplied the want of Uste or 
generosity. Among a crowd of these private benefactors, we select Herodes Atticus, an 
Athenian citizen, who lived in the age of the Antonines. Whatever might be the motive 
of his conduct, his magnificence would have been worthy of the greatest kings.” We make 
no apology for so long a quotation from the historian of the Decline and Fallf whose ex- 
pressions are so suitable to our purpose. Theftunily of Herod was highly descended ; but 
his grandfather had suffered by the hands of justioa; and Julius Atticus, his father, must 
have died in poverty, but for the discovery of an immense treasure in an old house, the 
only piece of his patrimony that remained. By the law this would have been the property 
of the emperor, to whom Julius gave immediate information. Nerva the Just, who was 
then on the throne, refused to accept it, desiring him to keep it and use it. The cautious 
Athenian hesitatingly replied, that the treasure was too large for a subject, and that he 
knew not how to use it. The emperor replied, “ Abuse it then, for Vis your own.” He 
seems really to have followed the monarch’s bidding, for he expended the greatest part of 
it in the service of the public. This man’s son, Herodes, had acquired the prefecture of the 
free cities of Asia, among which the town of Troas being ill supplied with water, he ob- 
tained from the munificence of Hadrian a sum equivalent to 100,000/. sterling for con- 
structing a new aqueduct. Tlie work on execution amounted to douliie the estimate ; and 
on the officers of the revenue complaining, Atticus charged himself with the whole of the 
additional expense. Some considerable ruins still preserve the &ine of his taste and muni- 
ficence. The Stadium which he erected at Athens was 600 ft. in length, entirely of white 
marble, and capable of receiving the whole body of the people. To the memory of his 
wife, Regilla, he dedicated a theatre, in which no wood except cedar was employed. He 
restored the Odeum to its ancient beauty ana magnificence. His boundless liberality was 
not, however, confined within the city of Athens. “ The most splendid ornaments,” says 
Gibbon, ** bestowed on the temple of Neptune in the Isthmus, a theatre at Corinth, a 
stadium at Delphi, a bath at Thermopylae, and an aqueduct at Camisium in Italy, were 
Insufficient to exhaust his treasures. The people of Epirus, Thessaly, Euboea, Boeotia, 
and Peloponnesus experienced his &vours, and many inscriptions of the cities of Greece 
and Asia gratefully style Herodes Atticus their patron and benefactor.” 
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194. Arcliitccture was still practised with success uiicicr the Aiitonines, the successors of 
Hadrinrij among whom Marcus Aurelius was a great patron of tlie arts. On these history 
almost instructs us, that the effwt of the individual ciiaractcr of the sovereign, and the 
general and leading circumstances of his reign, are so influential . as to enable us from the 
two last to estimate tlie prosperity of the first. 

1 95. IIjc rapidity with whicli after the time of Commodus, that most unworthy son of 
a worthy father, the emperors succeeded each other, was as unfavourable for the arts as for 
their country. A little stand was made against their rapid decline, under Septimiui 
Severus, whose triumphal arch still remains as a link in the chain of their decay, and 
perhaps the first. It is diflicult to conceive how in so short a period from the time of 
Marcus Aurelius, not thirty years, sculpture had so lost ground. In the arch commonly 
called that of the Goldsmiths, the form and character of good architecture is entirely 
obliterated. Its profiles are vicious, and its ornaments debased and overcharged. 

1 96. The art was somewhat resuscitated under Alexander Severus, but it was fast follow- 
ing the fate of the em])ire in the West, and had become almost lifeless under Valerian 
and his son Gallienus, whose arch is an index to its state in his reign. The number of com- 
petitors for the purple, and the incursions of the barbarians, were felt. Aurelian and 
Probus suspended its total annihilation ; but their reigns were unfortunately too short to 
do it substantial service. Tlie extraordinary structures at Baalbec and Palmyra have been 
referred, on the authority of a fragment of John of Antioch, surnamed Malala, to the age 
of Antoninus Pius ; but we are inclined to think the style places them a little later than 
that period. Baalbec. or, as its Syrian meaning imports, the City of Baal, or the Sun, is 
situate at the north-eastern extremity of the valley of Becat or Beka, near that place 
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wliere the two Lebanons unite, about fifty miles to the north-west of Damascus. Ilia 
first traveller who described it with accuracy was Maundrell, in bis Journey from Aleppo 

to Jerusalem, in 1697. It has, 
however, been since visited, as well 
as Palmyra, by Messrs. Wood and 
Dawkins, in 1751, and by M. 
Volney at a later period. The 
principal building, the temple, is 
of a rectangular form, and is seated 
in the centre of the western ex- 
tremity of a large quadrangular 
enclosure, two of whose sides were 
parallel to those of the temple; and 
parallel to its front was the thurd. 
To this was attached an hexagonal 
court, serving, as a vestibule^ in 
iVont of which was the grand en- 
trance portico. Tlie length of the 
quadrangle la about 360 ft and 
breadth about 350 ft (Seej^.l 12.) 
The temple, marked A, is, in rocna 
numbers, 200 ft. in length, and 
100 ft. ill breadth ; it was diptera*, 
and bad ten columns in front 
and nineteen on the sides. That the reader may form some idea of the style, which was 
tO^tbe but degree debased, and would not justify by any utility the extending this ao^ 
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eonwt, we here in fp. 1J3. given the sketch of a circular temple standing near the above. 
Of Einesa, the other celebrated Coelo- Syrian city, not a vestige remains. 

107. Of Tadmor, or Palmyra, denoting both in Syriac as well as Latin a multitude of 
palm-trees, Solomon was said to have been the original founder. It lies considerably to 
the east of Baalbec, and upwards of 200 miles from the nearest coast of Syria. Situate 
between the Roman and Parthian monarchies, it was sufTered to observe a humble neu- 
trality until after the victories of Trajan; when, sinking into the bosom of Rome, it 
flourished more than 150 years in the subordinate though humble rank of a colony. “ It 
was during that peaceful period,” observes Gibbon, “ if we may judge from a few remain- 
ing inscriptions, that the wealthy Palmyrenians constructed those temjiles, palaces, and 
porticoes, whose ruins, scattered over an extent of several miles, liave deserved the curiosity 
of our travellers.” ITie ruins of it were discovered by some English travellers towards 
the end of the 17th century, and were more lately visited by the Messrs. Dawkins and 
Wood, already mentioned. The power of Zenobia, who wished to shake off the sub- 
jection to Rome, was insufficient to withstand the forces of Aurclian, and Palmyra 
fell into his hands about the year 2S7. A slight sketch of the ruins 114.) is here 

given. "Die style of architecture 
is almost the same as that of Baal < 
bee ; and, like that, so vitiated in 
almost every profile, that we do 
not think it necessary longer to 
dwell upon it, although great the 
extent of its ruins. In the same 
way, we must pass over those of 
DJerash, vdiich were visited by Mr. 
Barry, and of other considerable 
cities, though some are said to con- 
tain exfimples in a better and purer 

Fig. 114. RUIM or rAiMVR*. Stvlc. 

1 98. The reign of Dioclesian was extended, and was illustrious from his military exploits. 
It was also remarkable for the wisdom he displayed in dividing with others the discharge 
of duties he could not himself perform ; as well as, finally, by his abdication and retirement 
to Spalatro. Architecture was, however, too far sunk for him to raise it ; and, though mo- 
numents of great grandeur were reared by him in Rome and his native town of Salona, they 
were degenerated by innovation and a profusion of ornaments which sometimes proved dis- 
astrous to those beneath, upon whom they occasionally fell, but the taste for which, among the 
Romans, had increased by their intercourse with the East. At a period when no sculptor 
existed in Rome, this monarch raised the celebrated baths there which bear his name. His 
palace at Spalatro 115.) covered between nine and ten English acres. Its form was quad- 
rangular, flanked with sixteen towers. Two of the sides were 600 ft., and the other 700 ft. 
in length. It was constructed of stone little inferior to marble. Four streets, intersecting 
each other at right angles, divided the several parts of the edifice ; and the approach to the 
principal apartment was from a stately entrance, still called tlie golden gate. By compar- 
ing the present remains with the Treatise by Vitruvius, there appears a coincidence in the 
practice here with the precepts of that author. Hie building consisted of only one story, 
and the rooms were lighted from above. Towards the south-west was a portico upwards 
of 500 ft. long, ornamented with painting and sculpture. We do not think it necessary to 
follow up further the decay of the arts in the West; it is sufficient to add that the fifth 
century witnessed the contemporaneous fall of them and of Rome itself. 

1 99. Towards the year 330, the seat of the Roman empire was removed to Constantinople, 
where the reign of Constantine, though brilliant, was unsuccessful in restoring the arts, 
upon which religious as well as political causes had begun to act. The establishment of 
Christianity had less effect on architecture than on her sbter arts. The new species of 
worship could be performed as well in the old as in temples of a new form, or the old 
columns might be employed in new edifices, in which, indeed, they were eminently ser® 
viceable ; but statues of the gods were no longer wanted, and the sculptor's art was aban- 
doned. The removal, however, of the government to the Bosphorus retarded the decline 
of the empire in the East, Bysantium, on whose foundations was placed the city of Con- 
^ntinople, owed its origin to a colony of Megarians ; and little was it to be imagined that 
ito disMters would have closed in so glorious a termination as occurred to it. Tlie ancient 
city still continued to possess some splendid productions of the schools of Asia Minor, which 
it almost ^ched, and in common with which it etdoyed the arts. Constantine profited 
by the circumstance, restored the monuments, and transported thither the best examples of 
capture. 

5JOO. Architecture was called in by the emperor to ud him in affording security, conveni- 
^noe, nnd pleasure to the inhabitants of the new metropolis. Vast walls surrounded the city ; 
iitperb porticoes, squares of every kind, aqueducts, baths, theatres, hippodromes, olielisks,. 
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triumphal arches, stately and magnificent temples, were provided for the public. Schools 
of arcliitecture, which none but persons of good birth were allowed to enter, were esta- 
blished. with professors and prizes for the meritorious. From all this care, one might have 
iupposed a plentiful harvest would have been reaped. Rut, alas I with all the expense, with 
ill the fine marbles that were employed, with the bronze and gold lavished on the 
instruction and decoration of the edifices erected, the art was not re-established on its 
rue principles. Every thing was rich ; but, notwithstanding the exaggerated praises of 
he ignorant writers of the day, every thing was deficient in real beauty. <IUchnes8 of 
nateriai will never compensate for want of elegance in form. “ The buildings of the new 
‘ity,” observes Gibbon, ** were executed by such artificers as the reign of Constantiiie could 
ifTord , but they were decorated by the hands of the most celebrated masters of the a^ of 
Pericles and Alexander. To revive the genius of Phidias and Lysippus surpassed, indeed 
he power of a Roman emperor ( hut the immortal productions which they had bequeathed 
o posterity wore exposed witbrat defence to the rapacious vanity of a despot. By his 
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cmvimands tlie chics of Greece and Asia were dc.s})oiled of their most valuable oriiamCDtl. 
The trophies of mcinorahle wars, the objects of religious veneration, the most finished 
statues of the gods nnd heroes, of the sages and poets of ancient times, contributed to the 
s])1endld triumph of Constantinople, and gave occasion to the remark of the historian 
CedrcRUS, who observes, with some enthusiasm, that nothing seemed wanting except the souls 
of the illustrious men whom those admirable monuments were intended to represent.'* 

201, In Rome, the triumphal arch erected in honour of Constantine presents, to this day, 
an example of the barbarous and tasteless spirit of the age. It is nothing less than an 
incongruous mixture, in sculpture and architecture, of two periods remote from each other. 
Rut, discordant as the styles are, the absurdity of placing on it part of the triumphs of 
'IVajan, whose arch was robbed for the occasion, is still greater. Not only was Trajan’s arch 
despoiled of its bas reliefs, but the columns and capitals, which the architect, from ignorance, 
scarcely knew how to put together, were stolen for the occasion. We have used the term 
ignorance of the architect, who, (^if the monument were not standing, the fact could scarcely 
be credited,) with the finest models before his eyes, placed modillions with dentils in the 
cornice, and has used the same parts in his impost. 

202. The partition of the empire at the death of Constantine vvas injurious as well to the 
arts as to the empire; and at its reunion by Constantins in 35.‘5, he exhibited but little soli- 
citude about their prosperity. On a visit of thirty days to Rome, he presented the city with 
the obelisk that now stands in front of the Rasilica of S. Giovanni Laterano. It had been 


intended by Constantine for his new city ; and, after being brought down the Nile from the 
Temple of the Sun at Heliopolis, was conveyed to the banks of the Tiber instead of those 
of the Rosphorus. After being landed about three miles from the city, it was first elevated 
in the Circus Maximus. 'J'liis piece of granite is about 118 ft. in length. 

203. Julian’s name is in bad odour with the Christian world ; but he ought, neverthe- 
less, to have justice rendered to him for his administration of the affairs of the empire, his 
love of freedom, and his patronage of the arts. 'I’liis emperor, at Constantinople, con- 
structed some porticoes and improved the port ; and, even at so remote a spot as Paris, there 
still remain the ruins of a palace and baths of his construction ; a circumstance winch should 
make his memory an object of respect, perhaps veneration, to the inhabitants of that city. 

204. Under Valculinian and Valens the arts received little attention, though the former 
manifested some care for them. Gratiau was entitled to a sort of negative praise for 
leaving the empire of the West to his brother Valentinian II., and that of the East to 'llieo- 
dosius ; who, after the death of the former, held the sway of the whole empire, patronising 
architecture, and erecting many large edifices in Constantinople. After this the empire was 
lastingly divided. On the death of Theodosius, Arcadius succeeded him in the East, and 
in the West Honorius, under whom, whilst he was ingloriously enjoying the pleasures and 
luxuries of Ins palace at Ravenna, Alaric, king of the Visigoths, entered and pillaged Rome 
in ye«r 410 Honorius raised or repaired several of the Rasilica? at Rome; among 
hem that of S. I aolo fuori le Mura ; and, in honour of the two emperors, a triumphal arch 

was erected in the city in 406, but of this iio remains are in existeoflu 

a05. After tins time, for sixty years the emi.irc of the West was in a state of distraction. 
Nine prinees hlleci the throne during that period, on and oli’ tlic stage, rather like actors 
than inonarchs. lint the extinction of the Roman name could bo no Wr protraae" 
In 4.W, (.enseric, king of the Vandals, gave up Rome for pillage to his iddlL for tlm 
space of three days, and some years after, his example was followed by Ricimcr. In 476, 
the Roman empire in the West was annihilated. 


206. Wc liave thus in this and the preceding section, shortly traced the history of Roman 
are nlecture from its dawn among the Etruscans to the close of the regal power in fiLe- 
mid from that period to the time of jts culmination under Augustus, an age of great splcnl 
dmir in the art, comparable even with the l^t days of Athens, if allow®, ce he mad^for 
the res|>^tivc habits of the nations and the climates under which they were placed. From 
the zenith we have followed it in its setting under Dioelesian, and after that throu/h iu 
crepiisculum, which, in 476, was succeeded by total darkness - a d»rkn^*!«t 
without meteors and coruscation which occasionally enabled us to enlighten the rca"der"i’n 
the journey he has undertaken with us. 'n.e revolutions, however, of empires, hVe those of 
the globe on its axis, bring other dawns : such is the case with the arts, which follow those- 
K-, gluttons j and we shall hereafter have to record another dawn of them, which like the 
light of our great luminary, had its day-spring in the east, whence carthe ncl.iter of 
Venice and 1 is^ Rut, before we approach that period, it will be necessary to take a cur 
wry gUnce at those- monuments of Rome and other place, under its dominion, in which the 
rums alone attest the extraordinary power and magnificence of that State, and to examine 
w “ respects what simply presents itself to the eye 

207. We now, therefore, proceed to a view, 1. Of the religious building, of the Rn. 
man, m quadrangular and circular templesj 2. Of their public building, in fora, tr uLhtl 
archer bridgei^ aqueducts, theatres, amphitheatres, and baths^ndciroil 3. Of their privX 
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bouses and tombs ; confining ourselves to those ruins in the cityi and occasionally the pro* 
vinoes, which best illustrate the subject. 

208. Tempkg. — 1. Tiie quadrangular Roman temple partook very much of its Greek, or 
perhaps Etruscan, original ; though occasionally, as in the Temple of Peace, there is a 
very considerable deviation from the type. But the exceptions to the general rule are very 
few indeed in number. The most beautiful temple of the Corinthian order that perha^ 
ever existed in the world was the (formerly so called) Temple of Jupiter Stator, in tliw 
Campo Vaccino or more properly the Forum at Rome, and now designated the Temple of 
the Dioscuri or of Castor and Pollux, in consequence of recent excavations. It was an 
octastyle peripteral temple, with eleven columns in flank, and the cell occupied eight 
columns on each side. No Greek work could surpass in elegance and beauty the profile of 
the Corinthian order employed in this edifice. The capital, whethir considered as tr 
design or execution, is unparalleled. At the same time it must be admitted that it bears 
every mark of the improvements that had been effected through the medium of Greek 
artists. Three columns with their entablature remain ; these are 47‘6'5 ft. high, the lower 
diameter being 4*84 ; so that the columns are 9*8 diameters high. The height of the 
entablature is a small fraction less than one quarter the height of the column. The inter- 
columniations are, as nearly os possible, 1*5 diameter of the column ; whence the size of 
the temple will be easily determined. 

209. At the foot of tiie Capitol stands the Corinthian Temple of Jupiter Tonans (so 
called), also called Temple of Saturn, but now of Vespasian, of which, as of the last, only 
three columns remain. This was an hexastyle peripteral (except on the side towards the 
rock) temple, 115 ft. long and 92 ft. wide, measured from outside to outside of column. 
The columns are 47*08 ft. high, and their lower diameter is 4*60 ft. ; their height, there- 
fore, in terms of tlie diameter, is very nearly 10|^ diameters. The height of the entablature 
is 9*77 ft., or not qaite one fifth of the height of the column. The intercolumniations are 
1*56 diameter. There is a tale in Suetonius, that Augustus had bells suspended round 
this temple on the occasion of his dreaming that the god complained of a falling off* in the 
number of his wcrshippeis. Its style is inferior to the one above described, yet it is not 
without beauty, though the cornice is, as compared with it, deficient in effect. (The de- 
scription of the difl'erent species of temples mentioned by Vitruvius is giren in the 
Glossary, s. v. Temple.) 

210. Tlie Temple of Mars Ultor was one of those erected by Augustus. Its profile ex- 
hibits a fine and bold example of tire Corinthian order. Its whole length was about 1 16 ft., 
and its breadth about 73 ft. 'i'lie cornice of the entablature is wanting. The inteicolumni- 
ations are about 1^ diameter. 

211. In the Campo Vaccino are the remains of a Corinthian temple, built by M, 
Aurelius in honour of Antoninus, his predecessor, and Faustina, the wife of M. Aurelius, 
about the middle of the 2nd century, in a high style of art, and is considered the last pure 
building in Rome. It was prostylos and hexastylos; the columns are 46*10 ft. high; 
the entablature 11*03 ft. ; diameter of the columns 4 85 ft. ; and the intercolumniations, 
except the centre one, which is wider than the others, are 1^ diameter of the columns; the 
columns are 9^ diameters high, and the entablature rather less than one fourth tliat 
height ; the frieze is ornamented with griffins and candelabra. It is not our intention to 
describe more than the principal temples, with their parts, but to afford to the reader in 
this place a general view of the art ; we shall therefore merely mention those of the 
Maison Carrie at Nismes. and the little edifice at Trevi, which last is erected in a very 
vitiated style : both are of the Corinthian order, and quadrangular in form. 

212. Rome is very poor in examples of Ionic temples, the only two remaining being that 
of Fortuna Virilis and tliat of Concord ; the first not very pure in its detail, and the latter 
in the very worst style. The Temple of Fortuna Virilis is of tlie species called prostyle 
and tetrastyle; that is, with four columns in front and se\en on the sides, whereof the cell 
occupies four intercolumniations. The height of the columns is 27*35 ft.*, the lower 
diameter of the columns 3*11 ft. ; and the height of the entablature 6*78 ft. A peculiarity 
has been noticed in this example of the different centres of the ornamented members being 
ranged so as to fall with exactness over the axes of the columns. 

213. The (formerly so called) Temple of Concord, now of Saturn, or the .^rarium, 
which is a restoration of a former temple, U probably of the age of Constantine, and 
scarcely deserves the notice here taken of it, except as a connecting link in the chain of 
art. It was hexastyle and peripteral. The eight columns which remain are of red and 
white granite of different diameten. The bases are Attic, and without plinths, except 
those of the angular columns. The capitals are inelegant and clumsily sculptured. The 
mouldings of the architrave have been chiselled away to form a plane surface fbr coniaining 
the inscription. Modillions and dentils are met with in the cornice, and the frieze in the 
interior was sculptured. The height of tfie columns is 42 86 ft., and their lower diameter 
4*48 ft. ; so that they are about 9| diameters high. The height of the entablature is 
7*2 ft. or about one sixth of the height of the column. 
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• 214. The circular temples of Rome and its neighbourltood will next be metttloiicd. Twm 
of them, that of Vesta at Home and of the Sybil at Tivoli, of the Corinthian order, an oi 
tonsiderablo antiquity. Their cells are cylindrical, and are supposed to liave been Covered 
with domes resting on the walls, though that is by no means certain. Tlie Temple of 
Vesta is raised on tlnce steps, whilst that of the Sybil is raised on a circular basement 
about five feet higli. Rotli the ccltae arc encircled about with a colonnade of the Corinthian 
order. The capitals of the Tem])lc of the Sybil are extraordinary as pieces of effective art 
The leaves of the capital, instead of being app/iguiei to the ImjH, as in oilier examples, art 
in this cut into it, and impart a magical appearance to it. The tout twttnMn of this 
temple seems to have been conceived with an eye to its situation, and tlie order seems 
calculated only for the spot on which it stands (see^^. J16.). The circular 'iemplc 



of Il.,ccl..is I, of a late -late. In its exterior there is nothing to remark, except that it has 
,^ 1 belonged to it. It consists of a cential eir- 
inlar ei I if s„el, it may be called, surrounded hy a eircid.ir aisle, the former heins 

nin of V“’'l " V*,"’" ? '’•'.‘’““bte columns, coupled in the directionuf titf 

d? mu' ' i ",T ' "•’‘"’K’ '""ybig a cylindrical wall 39 3B ft. 

dhi neter, cou-ied with a hemispherie.d dome (!f 0 ft high fioin the pavement. -I'lic 
aisle or corridor 18 H-75 ft. wide, surrounding the double colonnade, fiom which 
to the exterior wall is a semicircular vault, whose sofite is 32 ft. hich from the 

ro*'t:THaro“'N''‘’T' .» cued Temne of Minerva Medica, cordel!:^ 
to be a Ildll or Njmphaeum hthinging to the great Thermic of the 3rd century, 

" ' of the time of Deutus, 

- ^ little more than half of it is 

standing. It was 1 10 ft. in 
diameter; but the interior 
was formed into ten plane 
faces, each having a semi- 
circular recess towards the 
interior. A hemispherical 
brick dome was 113 ft, 
froni the pavement. A 
semicircular wing, covered 
by a hemisphei ically formed 
vault, stood on each side of 
the building, but they are 
noiv in ruins, /’/y. 117. 
shows the ruin as it was in 
181 ^, from a memorandum 
we tlien made. A reetan. 

•'Nr 117 . TEMriBor MiNEETA MBucA. gulaf vestibule with foui 

Corinthian columns formed 
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8 ? 

The temple now stands in a 


tim mftnd»ee« wA sltfinMinted by a pediment T09t 
private |tif4eii* 

Si 5. We have teacrved for the last examplt* of a circntar temple the celebrated Pantheon, 
BUppo^ to have fonsied atone time a portion of the baths of Agrippa, and erected about 

a c. S7. The l»ody of the temple was probably erected in the time of the republic with 

simple large niches, as in /pa. 118. and 119.; the left side shows it as originally built, 
and the right side as now standing ; the portico was probably erected by M. Aurelius 

Antoninus, cir. a.n. 166, and com- 
pleted by Septimius Severus, a.d. 

202, at which time the columns 

were added to the niches, and other 
alterations made, as seen on the right 
half of the plan and section. The 
interior is circular and about 139 ft. 
drameter, measuring from inside 
to infiide of the columns, which 
are about 33 ft. high. At a height 
of 75 ft. from the ground in the 
interior springs the bemispheric.il 
dome, which has five horizontal ranks 
of caissons or panels, the top of the 
dome being terminated by what is 
technically termed an eye, or circular 
opening, about 27 ft. dinmeter. All 
that is found in the temple is of the 
Corintliiah order. 

216. Fiy. 120. is an elevation ot 
the Pantheon, with the portico of the 
rarthenon below it, for tlie purpose 
of comparing the relative sizes of tlie 
porticoes of the two builtluigs. 'J’he 
portico, it will be seen, is octastyle, 
and projects 62 ft. from tlie circinn- 
ference of the circular part of tl»e 
ediiicc. nie shafts of the columns 
are plain, and the portico is sur- 
mounted by a pediment similar 
to that on tlie wall of the building. 
Tlie columns are 47*03 ft. higli, and 
their lower diameter 4*79 ft. The 
entablature is 10*22 ft., or nearly, not quite a fifth of the height of the column. The 

profile of the order is bold and well 
conceived, and the execution in a 
good style. It lias been stripped of 
its ornaments, many whereof were 
lironze, by the cupidity of the jios- 
sessors of power at various times. 
I'liough the present interior is com- 
paratively modern, we think it right 
to give the following particulars of 
the order : — The columns are 34 *67 
ft. high, the lower diameter being 
3*64 ft. 'nie shafts are fluted, and 
have what are called cablings up one 
’ third of their height. It will be seen 
on inspection of the plan that these 
columns are placed in front of the 
great niches. We are not aware that 
tlie circumstance whereto we are 
about to advert has been heretofore 
noticed, and we give the result of our 
calctilation in round numbers only, as an approximatjon to the truth. The rules for 
lighting apartments will form the subject of a future section. We shall here merely observe, 
that the contents of the building, measuring round the inner convexity of tlie columns, ana 
not calculating the niches, is about 1,787,300 cubic feet, and that the area of the eye of the 
dome is about 32 wiiiare ft., from which it follows that 2226 cubic ft. of space in this 
building are lighted by 1 foot suiwi ficial of light. The building is neither gloomy nor 
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dark i on the contmry a pleasant lifht is dimised tliwusliout and darkness is ^ 

S «,r“r orr^i. Kbjeef well worth; of co.«ideration, and one which we 
ptme h^enAer to turn to practicaJ account. 
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21 7. *^1110 Teinjkle of Peace has been reserved by us to close the notices of the Roman tem- 
ples, because of its deviation from the general form of other Greek and Roman temples, which 
in the quadrangular species arc so formed on one general plan thatali uno disce ornnes is the 
expression applicable to them. The Ji^s. 121. and 122 represent the plan and section of this 

building. The former will l>e^ seen 
to ha\e been rectangular, with a 
porch extending along the svhole 
breadth of the building in front. 
Tliis was vaulted, the summit in- 
teriorly being S5 ft. high ; and in 
front were aeven semicircular-headed 
apertures icrving as entrances. Tlie 
length of the temple outside, not 
including the depth of the porch, 
was 294 ft. ; depth of the porch 30 
ft. ; width ofthe building 197 ft. The 
temple was longitudinally divided 
into three nearly equal parts, whereof 
the central one was a rectangular 
salone of the whole length of the 
temple, whose breadth was one third 
of its length. The roof of this was 
a vault with three groins, formed 
by the intersection of semicylindrical 
^ vaults at right angles to the cen- 

tml one. The height of the vaulting from the pavement was al>out 116 ft., and 
appears to have been decorated with sunk panels. We shall not however pursue the 
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ftrbal'^etcnjitlon of this edifice, vi^liioh irill be much better understood hy on iiJ8|>ect!on of 
the diagrams. We trill add^ tj,at although the columns in tlie interior are entirkjr 
goaCf and the biuJding is in a sad state of dilapidation, enough has been discovered to prove 

that the restoration here submitted 
to the reader is not very fur from the 
truth. In many cases the restorations 
of Palladio, whose works it is tlie 
iashion amongst half-instructed arcliv 
tects and still less informed amateurs 
to decry, are not td be wholly relied 
on in his capacity of antiquary, and 
certainly must not be taken for granted; 
hut his restoration of tins temple cannot 
widely diflfer from the truth. It ap« 
pears to have been founded by Claudius^ 
and finished by Vespasian after the 
sonquest of Judea, and seems to have been the depository of the spoils of the temple at 
Terusalem. It is uncertain hy what accident in the reign of Commodus it was destroyed 
hut it is conjectured it was restored during his reign. It may not he here altogether out 
of place to notice that the temple in question seems in some measure to have furnished the 
liint for the nave of the Italian Duomo with its side aisles. It was but in the addition 
of the transepts and choir, whose type is indicated even in the basilica; of the first 
Christians, that a variation is to be seen. If the cross, however, be not sufficiently apparent 
in the basilica, it cannot be mistaken in the churches but little later. 

218. Fora. — 2. The Forum of the Homans is described generally in Vitruvius (Book \i. 
chap. 1.). He directs that it should be a large rectangular area, whose breadth is to ha 
ahull t two thirds of its length. The basilica or court of justice, serving also as an exchange 
for the merchants, is to be attached to it Tlie forum in a Roman city was the arena on 
which business, politics, and pleasure were equally transacted, discussed, and enjoyed. 
Among the Greeks it was called the ayopa, signifying a place in which the citizens were 
collected. It is here to he observed, that the fora of the llomans were of two sorts : Fora 
Civilia and jForo Vmalia ; the former wfiercof were designed as well with the object ot 
ornamenting the cities in which they were erected, as for admitting a site for the public 
courts of justice, and other public building ; the latter were intended to provide for the 
necessities and conveniences of the inhabitants, and no doubt bore a resemblance to our 
markets. The great Forum at Rome was seated between the Palatine and Ciipitoline 
lulls Its boundary has of late years been more satisfactorily traced, hy the exteii- 
bivc excavations which have laid bare the pavements and other details of the original 
buildings erected around it. The theories of Bunsen, Becker, Dyer, and Canina, 
are arranged and explained by the late Mr. A. Ashpitel, in the paper read by him 
at the Inst, of Brit. Architects, 1857. The explorations since 1870 arc to some extent 
shown in Burn’s Ro^tne and the Campagna, 1871 ; and in Taylor & Cresy, Antiquities 
of Romtf new edit fob 1874. Photographs of a large size have likewise been pub* 
lished, not only of the existing ruins but of the discoveries. The Forum of Nena 
is said to have been 867 ft. long and 164 ft. wide. At one end were five arched 
entrances, and at the other the Temple of Nerva. The Forum of Trajan, built by the 
emperor whose name it bears, was erected from the foreign spoils taken by him in his 
wars. Tlie coverings of its edihees were all of brass, and the porticoes and their cohiinns 
constructed in an exceedingly splendid style of execution. Ammianus Marcellinus {Hint. 
lib. xvi.) describes, with much force, the delight of Constantius on contemplating it when 
he made his triumphal entry into Rome. The representations make its length 1150 ft., 
and its mean breadth about 470 ft. In it was the emperor’s magnificent column (fig. 111.), 
at one end was the Temple of Trajan, and at the other his Triumphal Arch. This Forum 
contained the celebrated and splendid Basilica Ulpiann. Tlie other example we shall 
mention was at Fano, and we mention it because it contained a basilica by Vitruvius him- 
self. He describes the portico of the Temple of Augustus as joining that side of the 
basilica which was furthest from the centre of the Forum, and a temple of Jupiter as 
standing at the opposite end. He goes on to describe the Treasury, Prison, ana Curia, 
as placed on the longer aides of the Forum exteriorly to the shops which surrounded the 
area. Tlie commentators on Vitruvius have been at considerable pains to make out tlie 
plan of the basilica of this building from the verbal description of it by the author,— 
perhaps none of them with greater success tliati old Daniel Barbaro. 

219. But no words convey the descHpiion ofa place wf well as a diagram of tlie object 
under consideration; and as there exists at PompeH a fbrum so perfect, that all the rule# 
given by our great master are exemplified in it, we here place the plan {fig. 123.) of the 
forum there bi^re the reader, so that he may have a complete notion of the arrangerotMit. 
Filtering from the gate of Herculaneum, the principal street leads to its north-west corner, 
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wlietibe the access to U is by a flight of steps downwards, through an arch ih a brick wall 
•till partially covered with stucco. It has b#»tn conjectured with probability, that the en 
tranocs to it were occasionally closed, from the remains of iron gates having been J**'**'^ 
at some of them. A smaller passage occurs to the right of the arch just mentioned, and 
a fountain attached to the wall between them. A is supposed to have been a temple ol 
Venus; B. a public granary; C, a temple of Jupiter; D, probably a Senaculum, or 
council clmmber ; E, u temple to Mercury ; F, a Chalcidicum ; *G G, curiae; H, treasiiryj 
1, triumplial arch ; K, araeostylc portico with ambulatory above. 
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220. Triumphal Arches, — The Homans were the first people who erected triumphal 
arches ; their earliest examples being extremely simple and plain. A plain arch with a statue 
of the victor and his trophies on the summit, was for a long period the only method practised. 
The arch by degrees expanded in after times, the style became enriched, and the whole was 
at length loaded with a profusion of every sort of ornament. Latterly they were a rect- 
angular moss {sQQjig, 124. of the arch of Constantine), penetrated by three arches, a central 
and two smaller side ones. The upper part consisted of a very high attic, freipiently 
covered with inscriptions and has reliefs, statues, triumphal cars and ornaments of that kind, 
'file keystones were sometimes decorated with figures of victory. Of the triumphal arches 
that remain there are three classes: — first, those consisting of a single arch, as the arch of 
"iVajan at Ancona, and Titus at Rome; second, those in which there are two arches, as in 
the example at Verona ; third, those with three arches, whereof the centrjl) was the prin- 
cipal one, and those at the sides much smaller, as the arches of Constantine, Septiinius 
Sever us, &c. The most ancient of the remaining arches is that of Augustus at Rimini. 
It was erected on the occasion of his repairing the Flaminian way from that town to Rome, 
'i'he erection of these triumphal arches afforded the means of gratifying the extraordinary 
vanity of the people with whom they originated. Many of them are in very bad taste* a 
remark that applies even to the Arch of Titus, whicti wa.s erected before tlie arts had more 
than begun to droop. (See Jigs, in Book III.) The orders applied to them are unnecessary 
to be described in detail, because inapplicable except under precisely similar circumstances. 

221. Bridget. — lliere is perhaps no single point in the history of architecture by which 
the civilisation of a people is so easily recognised as by that of their bridges. I.atterly, in 
this country, the division of science as well as labour has so changed, that it seems almost 
neccasary to refer to other works for knowledge on this subject ; but as this is one in which 
architecture in all its branches must be considered, we shall here, as in the other sections 
of this work relating to the point in question, treat it in such manner as to give the 
deader some notion of the subject. l*lie history of the bridges in every nation is connected 
with local causes, which have great influence on their construction; and though in other 
reKjiects a nation may in the arts have attained a high pitch of excellence, yet it is ]iossib1t 
that in bridge building their progress may be very limited as respects science. 'Hie matter 
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wifi depend entirely on the nature of the country. In our riew of Grecian Architectnre 
tiiid subject has not been even mentioned, and it is nearly certain that Greece boasts no 
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bi idgc whose date is anterior to its occupation by the Homans. Butj independent of its 
want cf acquaintance with the arch, the circumstance may be accounted for by the country 
not being intersected by any river of magnitude. 7’hose to which one might be inclined 
to attach the name of river, are rather mountain torrents than sheets of water rolling their 
streams down to the ocean. A single arch in most cases would be all that was necessary 
to connect opposite banks, and the rocks themselves would form abutments fur the single 
arch that was to connect them, without danger of failure, 

222. Ill Italy, however, a country watered by many and considerable rivers, the study of the 
aichltecture of bridges was indispensable, as well for the accommodation of the cities with 
which it abounded, as for the service of the constant military expeditions of the restless and 
craving people who inhabited its surface. From its very earliest foundation, no city in the 
world would sooner have been placed in the predicament of requiring bridges tlian Roma 
herself; besides which, skill was required in their construction o\er a river like the Tiber, 
rapid and liable to be swelled by sudden floods. The earliest bridges of the Romans were of 
timber : such was that which joined the Janiculiim to the Mons Aventinus, called the 2V>«f 
Sublicitu from the sublica, stakes ( Liv. i. c. S3. ), whereof it was composed, it is not here our 
intention to enumerate the ancient bridges of Rome; but the ruins of those which have come 
under our observation exhibit skill and science not inferior to the most extraordinary ex- 
amples which modern art can exhibit ; witness the Pons Narniensis on tlie Flainlnian way 
near Narni, about sixty miles from Rome. It was built by Augustus, and at tlie present 
day tlicre remains, as though standing to mock modern science, an arcli of a sjian of 150 ft., 
whose intrttdos is 100 ft. above the level of the river below. Rut of the works of this 
kind executed by the Romans we know of none, either in ancient or modem times, that is 
comparable with that erected by Trajan over the Danube, whose piers from their foun 
dation were 150 ft. in height, and the span of whose arches was 170 ft., and to the 
numlier of twenty. The bridge was 60 ft. in width. This work, whose existence is 
scarcely credible, putting in the background all that of which in the present day it is our 
habit to boast, is reputed to have been destroyed by Hadrian, tlie successor of its fuuniiei, 
under a pretence that if the barbarians became masters of it, it might serve tbeiu as well 
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fyr making incursions on the empire, 'as for the empire in repressing those incursions. Rut 
other iess creditable motives have been attributed to H&driaii for its destruction, one w 
them the envy he bad of the name of its founder. There are still partial remains of an 
•ncieiJt Roman bridge over the Tagus near Alcantara. This consisted of six arches, each 
t\Q ft span, extending altogether 800 ft. in length, and some of them 200 ft. high above 
the river. We do not, in closing our brief view of the bridges of the Homans, more tJiaii 
mention the extraordinary temporary bridge which Caesar threw over the Rhine. 

22,^. Aqueducts. — It is obvious that of all the requisites for a city, the supply of 
wholesome water is only equalled by that of discharging it, which latter we have before 
seen was well provided for in the Eternal City. The aqueducts by which the Romans 
supplied their cities with this necessary element, are among the largest and most mag- 
nilicent of their works. Their ruins alone, without other testimony, supply the means 
of estimating their extraordinary power, skill, and industry. They are works which sink 
into nothingness all other remnants of antiquity, not even excluding the amphitheatres, 
which we shall soon have to notice, because they were for the comfort, not the pastime, of 
the people. The earliest aqueduct, that of Appius Claudius (par. 391), was constructed 
in 442 A.iJ.c., or about 311-312 b.c. It conveyed the Aqua Appia to Home, from a 
distance of between seven and eight miles, by a deep subterraneous channel upwards of 
eleven miles in length. We shall here digress for a moment, by observing that upon 
the discovery of good water at a distance from the city at a much higher level than the 
service therein indicated, it was the practice to supply by means of a channel raised at 
any height as the case needed, through a stone-formed trough raised on the tops of arches 
as the course of it required over valleys, and otherwise became necessary from the nature of 
the face of the country, such a quantity as the source would aHbrd. Hence the arcades 
raised to carry this simple trough of supply were often of stupendous height, and their 
length was no less surprishig. In the present day, the power of steam has afforded other 
me ms of supplying a great city with water; but we much question whether the supply 
afforded by all the concealed pipes of this vast metropolis can compete in refreshment 
and general utility to its inhabitants with those at the present day poured into Rome, 
without becoming a burthen to the respective inhabitants, and this principally from the 
mrans which their predecessors provided. 

224, The aqueduct of Quintus Mariius, erected 312 years before Christ, is among the 
most extraordinary of the Homan aqueducts. Commencing at a spring thirty>three 
miles distant from Home, it made a circuit of three miles, and then, after being conveyed 
through a vault or tunnel of 16 ft. in diameter, continued for thirty-eight miles along a 
series of arcades 70 ft. in height. It was formed with three distinct ihannels, one above the 
other, conveying the water from three different sources. In the upper one was the Aqua 
Julia, in the next the Aqua Tepula, and in the lowest the A(|ua Maitia. The Aqua 
Virginia was constructed by Agrippa, and in its course pas.sed through a tunnel 800 paces in 
length. The Aqua Claudia, begun by Nero, and finished 41-5t a.d. by the emperor 

Claudius {Jiy, 125.), conveyed water to 
Rome from a distance of thirty-eight 
miles ; thirty miles of this length was 
subterraneous, and seven miles on arcades, 
and it still affords a supply of water to the 
city. The Anio was conveyed to Home 
by two different channels ; the first was car- 
ried over a length of forty-three miles, 
and the latter of sixty-three, whereof six 
miles and a half formed a continued series of arches, many of them upwards of 100 ft. in 
lieiglit above the ground on which they stood. At the beginning of the reign of Nerva, 
there were nine great aqueducts at Home, That emperor, under the superintendence of 
Julius Frontinus, constructed five others, and at a later period there were os many as 
twenty. According to Frontinus (de Aquaeductibus) the nine earlier aqueducts supplied 
14,018 quiiiaria dail^, which are equal to 27,743,100 cubic ft. ; and it has been computed 
that when all the aqueducts were in delivery, tlie surprising quantity of 50,000,000 of 
cubic ft. of water was afforded to the inhabitants of Home, so that, reckoning the popula- 
tion at one million, which it probably never exceeded, 50 cubic ft. of water were allowed for 
the consumption of each inhabitant. More magnificent Homan aqueducts are, however to be 
found in the provinces than those that supplied the city. Tliat of Metz, whereof many of 
the arcades remain, is one of the most remarkable ; extending across the Moselle, a river 
of considerable breadth where it cros-ses it, it conveyed the water of the Corse to the city 
of Metz. From the reservoir in which the water was received, it was conducted through 
subterranean channels of hewn stone, so spacious that in them a man might stand upright. 
The arclios appear to have been about fifty in number, and about 50 ft. in height I hose 
in the middle of the river liave been swept a^^y by the ice, those at the extremities re- 
maining entire. In a still more perfect sUte than that at Metz is the aqueduct of Segovia, 
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of vfhich one hundred and fifty of the arches remain^ all formed of large blocks wwonnccted 
by cemcntf in two ranks of arcades one nltove the other. 

225* It has been coiyectured that the causes for not carrying these aqueducts in straight 
lines were first to avoid excessive height, where low grounds were crossed, and, secondly, to 
diminish the velocity of the water, so that it might not be delivered to the city in a turbid 
state. Along the line of an afjueduct, according to Montfau^on, at certain intervals, re* 
servoirs called Castella *vere formed, in which the water might deposit its silt; these were 
round towers of masonry raised of course os high as the aqueduct itself, and sometimes highly 
ornaineuted. The same author observes that below the general bed of the channel, pita 
were sunk for the reception and deposit of the earthy particles which the water contained. 
Vitruvius directs the channels to he covered over to protect the water from the sun’s rays, 
and (lib. viti. chap. 7.) he moreover directs that when water-pipes are passed across a 
valley, a etnUr should he formed, which is a subterranean reservoir wliei eiu the water may 
be collected, and by which its expansion may be diminished, so that the liydrostatical 
pressure will not burst the joints. He also recommends that open vertical pipes should 
be raised for the escape of the air which accompanies the water, a practice which the ino^ 
derns have found it necessary to adopt wherever it is necessary to bend pipes upwards, and 
tluis permit the escape of air, which would impede, and even stop altogether, the movement 
of the water in them. (Some additional details are given in the Glossary.) 

226 . Theatres, — The earliest stone theatre of Rome, as we have before stated ( 185 .), 
was tl>at of I’ompey ; hut it must be recollected that as there are notices in history of this 
theatre having been more than once consumed by hre, there can he little doubt that a 
portion, probably the scats and scenes, were of wood. The second theatre of stone was 
raised by Julius Caesar, after which Augustus reared one in honour of Marcellus, the son of 
his sister. The scanty ruins of this last enable one to do little more tlian trace its elevation, 
and from their curve to compute its extent. There was no essential difference between the 
form of tlie Homan and Greek Theatre, of which latter we have given a diagram in fy. 106 . 
We nevertheless think it right here to present the reader with one of the Roman Tlieatre 
fig. 126 .), as nearly as it can he made out from the description of Vitruvius. ' (Hook v. 

Chap. 6. “ The form of 
a theatre,’* According to 
that author, is to he 
adjusted so, that fron) the 
centre of the dimension 
allotted to the base of 
the perimeter, a circle 
is to be described, in 
which are inscribed, at 
equal distances from 
each other, four equi- 
lateral triangles whose 
points must touch the 
circumference of the cir- 
cle.” — “ Of these tri- 
angles the side of that 
which is nearest the 
scene determines the 
face of it, in that part 
where it cuts the cir- 
cumference of the circle. 

A line drawn parallel 
to it through the centre 
Thus the pulpitum be- 
comes more spacious and convenient that that of the Greeks, because our actors remain 
chiefly on the scene. In the orchestra are assigned seats to the senators : the height of its 
pulpitum must not exceed 5 ft., so that the spectators in the orchestra may have a clear view 
of the motions of the actors. Hie portions between the staircases (ouwet) of the theatre are 
to be so divided that the vertices of the triangles, that touch the circumference, may point to 
the directions of the ascents and steps between the cunei on the first prcecinction or story. 
Above these the steps are placed alternately and form the upper cunei in the middle of those 
below. Tlie angles thus pointing to staircases will be seven in number, and the remaining 
five will indicate certain points on the scene. That in the centre, for instance, is the situ- 
ation for the royal door, those on the right and left the doors of the guests, and those at the 
extremities tlie points at which the road diverges. The seats (gradus) for the spectators 
are not to he less than 20 in. in height nor more than 22. Their width is not to be 
.more than 2^ ft. nor less than 2 ft.” Besides the theatres named, that of Cornelius 
Dalhus, built by him in honour of Augustus, was on a scale of considerable magnifleenee. 
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will separate the pulpitum of the proscenium from the orchestra. 
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227. The large theatre at Pompeii, as was frequently the case, was formed upon the slope 
of a hill, the corridor being the highest part, whence the audience descended to tlieir sertf, 
and staircases were saved. The grudut at this theatre were aboiTt 1 ft. 3 in. high, and 2 ft. 
4 in. wide, and from a part which is divided and numbered off, 1 ft. ^ in. appear to have 
been allotted to each spectator. There still remain some of the iron rings, for the reception 
of the masts from which the velarium or awning was suspended. 

228. AmphWieaires The amphitheatre was unknown to the Greeks. At an early period, 

however, in Rome, human beings were compelled to fight for the amusement of spectators, 
nie taste for such spectacles increased with its indulgence ; b Jt it was nevertheless not 

until the time of the em- 
perors, that buildings were 
erected solely for exhibi- 
tion of gladiatorial shows. 
The principal amphithe- 
atres, of which remains 
still exist, are one at Alba, 
a small city of Latin in ; 
another near the 'I'iber at 
Otricoli ; one of brick 
near the banks of the Ga 
rigliano ; one at Puzzuoii. 
wherein parts of the ar- 
cades and caves for wild 

iH'Hsts still remain; one at L.apua; anotiicr at verona; a very fine one at Pola in Istria 
ifg. 127.). In France, Arles, Saintes, Autun, Nismes, and Nice possessed amphitheatres. 
In short, wherever the Romans went, they erected those extraordinary monuments of their 
power and skill. Rut all that we have enumerated were far surpassed by the Coliseum, 
which has been already briefly mentioned by us at page 79. Tlie form of this building on 
the plan is an ellipse, whose transverse exterior axis is Cl 5 ft. and its conjugate .510 ft., 
covering therefore nearly six English acres of ground. The whole mass is placed on an 
ascent of six stages, which encircle its whole circumference. In the centre is the arena, a 
name which it received from being strewed with sand, the transverse and conjugate axes 
whereof are 281 and 176 ft. respectively. Round the arena was a wall on which was the 
podium or fence ; and immediately behind this wall all round was a row of cells in which 
the beasts were placed preparatory to their entrance into the arena. In the rear of the 
cells was a corridor from which vaults radiated in directions perpendicular or nearly so 
to the curve of the ellipse, and serving to support the first inanianum or interior range 
of seats. In some of these vaults were steps leading to the podium; others were merely 
passages between the first corridor and the next towards the interior. The second corridor 
was lighted by apertures cut through its vault to the proicinctio which separated the first 
and second horizontal division of ^he seats. In rear of the second corridor, vaults again 
radiated, in some whereof were steps leading to the second division of the seats, and in others 
were galleries which led from the corridor to the double arcade, surrounding the whole 
edifice. The description will be better comprehended by reference to figs. 128. and 129., 
in the latter wliereof a portion of the exterior side is removed, to exhibit the section. 

229. About the whole exterior of the building, there are three orders of columns rising 
above each other, and one of pilasters crowning the whole. Tlie columns are of ecjual 
diameter, and arc filled in between with eighty arcades in each story, 'flie arches of these 
arcades have all archivolt mouldings round them. Four of the arcades in the lower tier 
were reserved for the admission of distinguished personages, the remainder for the populace ; 
these last were called vomitoria, serving both for ingress and egress to and from the places 
of the spectators, by means of steps under the vaults that supported the seats. 'I’he piers 
which support the arches are 7 ft. 4. in. wide ; on each is a half column projecting from 
the general face of the wall. The opening between the piers is 17ft. .3^ in. Impost 
mouldings are placed at the springing of the arches, and encircle the building except where 
interrupted by the columns and openings. Tlie lower order resembles the Doric, 
except that the frieze is without triglyphs and the cornice without mutules. Desgodetz* 
makes the height of the columns 27*6.3 ft., and their lower diameter 2 91 ft. llieir 
diminution is very small. Tlie height of the entablature is 6*64 ft., and the height, 
tlierefore, of the whole order above the pavement is 34*27 ft. The second order is 
Ionic, and stands on a dado 6 ft. high, broken under the columns to receive their 
projection from the wall. The columns are 25*73 ft. high. The volutes of tlw capitals 
are without ornament; the eye being merely marked by a circle. Tlie entablature is 
6*64 ft. high, and its subdivisions are like that in the order below. There are neither 
modiliiom nor dentils in the cornice. Die height of the whole order is 38*37 ft. The 
third order is Corinthian, standing on a dado 6*39 & high. The columns are 25*58 ft. high, 
tlie «ntabUittire 6*59 ft., and the height of the entire order, including the dado, is 38*57 ft. 
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running through the liack part of the comice, poles were placed for holding the velarium, 
which was occasionally stretched over the building to protect the spectators from the sun 
or rain. The whole height of the fa 9 ade above the steps was 162 ft The columns project 
rather more from the w^ls than their semidiameter $ and the faces of the walls are not in 
the same vertical plane, but recede from it towards the interior of the building. The widths 
of the piers vary in the different stories, being respectively from the lower part upwards as 
8*71, 8*38, and 7*28 ft Between the pilasters, in the fourth order, are square windows. 
The velarium was attached to the poles round the circumference with a fall towards the 
Interior, so that the rain was delivered into the arena. The following has been supposed 
as a method of spreading the velarium, of which Fontana gives a representation, but no de- 
scriptien. To a cable placed round and made fhst on the edge of the podium, and follow- 
ing its curve, strong ropes were attached in the direction (on the plan) of the radrating walls. 
These ropes passep tbrourt pullies in the poles, 240 in number, at the top of the building, 
which retted on the corbels above mentioned, and thus raised the velarium to the required 
beigbt It would follow the inclination of the seats, and the cloth, of whatever fiibrie or 
materials it might be, being formed in gores equal on the outer edges to the di^nce of tbo 
masts from each other, might move on the radiating ropes by rings attached to the edges of 
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aacli gord, to as to be moved backwards and forwards by persons stationed on tlie parapet 
^ Marine soldiers were employed for this purpose; Tha velarium was somethnes of silk, but 
more usually vellow or brown woollen clotlu Kero once liad a purple velarium stretched 
across the building, representing tlie heavens with stars of gold on it, and a design em 
broiderod thereon ^ the Chariot of tlie Sun. 

230. It has been conjectured by some Homan antiquaries that the arena was boarded ; 

and, from the changes that could be made on It in a very sliort period, the conjecture is 
higldy probable. Domitian covered it with water for the purpose of exhibiting marine 
allows and naval fights. Sometimes it was changed ‘into the representation of a forest with 
wild beasts roaming about These alterations were efiPected by means of machines called 
petpnata* In particular parts of the building, pipes were provided for the distribution of 
perfumes, which it was a common practice to sprinkle in showers ; but, on particularly 
great oceasions, the perfumes were allowed to flow down the steps or gradus of the amphi- 
tlrcatre. » 

23 1 . Tlie conjecture relative to the boarded floor of the arena has been corroborated by 
lie discoveries made while the French had possession of Rome. They excavated the arena, 
ind found vaults and passages under Its whole area. It is much to he regretted tliat these 
inc[uiries were not carried on, owing to an aceumulation of waters, for which no drainage 
having been provided, they became unwholesome fVom stagnancy, and it therefore was 
necessary once more to close it again by obvious means. Qreat care was bestowed on the 
drainage of this ediflee, which was encircled by a large sewer for the reception of the 
water of the interior drains, that were ail conducted into it. Another drain, 30 indies 
wide, was carried round under tlie second corridor, into which are conveyed the water 
from the perpendicular conduits and tliat from the third corridor, whose drain is 3 ft. in 
depth and 17 inches in width. The sides of these drains are lined with tiles. Another 
drain runs on ^h^utcr side of the third corridor, and is of the same size as the last named. 
Other drains edilpiunicate with these towards tlie arena in various directions. 

232. Paoli thinks that amphitheatres were first used by the Etruscans, and by them 
introduced into Rome ; that the people in question first exhibited their games in narrow 
v.allcys, and that the spectators were ranged around on the sides of the hills ; that when these 
sports were exhibited in cities, an arena was dug into the level ground, and the earth thrown 
out was formed into seats ; and that when the community became rich enough, or the games 
came to be held in greater esteem, the amphitheatre was enclosed with a wall, and the seats 
formed of wood or stone. It certainly appears to us that Paoli*8 conjecture is reasonable, 
and that Etruscan buildings or formations were the original type. 

233. The amphitheatre at Nismes was capable of containing 17,000 persons : it was 433 ft 
long and 333 ft, broad ; it is two stories in height with an attic, and is the most perfect 
sp^imen in existence after that at Verona, upon whose age antiquaries are divided in 
opinion, some maintaining that it was built in the time of Augustus, and others as late as 
the time of Maximian j it is SOS ft long and 403 ft. broad ; and in far better preservation 
than the Colosseum. Its exterior wall has three stories of Tuscan pilasters on the 
face of the wall ; between these pilasters are arcades of semicircular-headed apertures. 
Maffli says this edifice would seat 22,000 spectators. But in this there mast be some 
mistake. 


234 JJM,. — Pubhus Tictor ujrs tliat the city of Rome contained public and private 
baUis to tlie amazing number of »50. Some of these we know, from their rtiini were 
buildings of great extent and magnificence. Tliey were all constructed, we mean the public 
ones on plane very similar; and, in order to a description of them, we rive ia Jfo. 130 a 
restored plan of the baths of Caracalla, at Rome. ’ITiose of Titus and Diociedan may 
also be traced ; the chief others being t io« of Agrippa, Nero, and Domitian. The baths 
of Aiitoimiiis Caracalla are thus described by Eustace (vol. i. p. 22®. “ RePassinir tho 

Aventinc Hill, we <»ine to the baths of Antoninus Caracalla, that Ocrapy part of its dV 
clivity, and a considerable portion of the plain between it, Mont Cmlirius and Moni 
•J '“c 1 .^“ monument of ancient architecture u calculated to inspire Ah an exalted 
idea of Roman magnificence at the ruins of their therm®, or baths.*^ Many remain in . 
greater or less degrM ri preserration ; such as those of Titus Dioclesian, ^ Caracalla 
To give the nntravelled reader some notion of these prodigious piles, 1 will confine 
obrervations to the latter, as the greatest in extent and as the best pre,;ryed ; C ttaunh 
it be entirely rtnpped of its pillars statues, and ornaments both internal and eiteriS? yet 
Ite walls still sUnd, and its constituent parts and principal apartments are eviSJdfJf 
guishriiU The length of the therm® was 1840 k. JbreiSih It 

wo temples; one t^pollo, and another to Esculapius as the tuteiary de^ W Z! 
*<«.) of a place saeted to the improvement of the iqind and tbe care rfSTw? 
two other terapto were dedicated to the two protecting dirinifl.. of the 'fiJlT 

HutcuIos and Baechus, In tbe prmcipid building wer2 in thaifiMt nlM 
vostibule, with fcur hall, on Jh Je, for col/ t.p5, 

centre wu an immenK square for exercise, when the weuhet wm ualwhttrdiie^ R ^ 
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o^icn air ; beyond it a great hall, where 1600 marble seat*; were placed for the convenience 
of the bathers : at each end of this hall were libraries. This building terminated on both 
sides in a court surrounded with porticoes, with a spacious odeum for music, and in the 
middle a spacious basin for swimming. Hound this edifice were walks shaded by rows o( 
trees, particularly the plane ; and in its front extendi A gymnasium for running, wrestling, 
fic. in fine weather. The whole was bounded by a vast portico, opening into exedrze, or 
spacious halls, where the poets declaimed and philosophers gave lectures to their auditors, 
lliis immense fabric was adorned within and without with pillars, stucco work, ))aintings 
and statues. I'lie stucco and paintings, though faintly inde^, are yet in many places per- 
ceptible. Pillars have been dug up, and some still remain amidst the ruins ; while tlie 
Farnesian bull and the famous Herctiles, found in one of these halls, announce tlie multi- 
plicity and l)eauty of the statues whicli adorned the thermae of Caracal ia. 'fhe flues and 
reservoirs of water still remain. The height of the pile was proportioned to its extent, and 
still appears very considerable, even though the ground he raised at least 12 ft. above its 
tincient level. It is now changed into gardens and vineyards ; its high massive walls form 
separations, and its limy ruins, spread over the surface, burn the soil and check its natural 
fertility.” 

235. Returning to the plan of the baths in question, we base now to explain that the 
circular apartment, lettered A, was called the solar cell. It was 111ft in diameter, and 
cmitalned the different labra of the baths. Tliis solar cell, S)>artiamis says, could not lie 
equalled by the best architects of that age. The dome was lined with brass, of which ma- 
terial also were the lattices to the windows. D, the apodyterium^ or undressing room. 
C, a xy&tuMf or apartment for exercise in unfavourable weather. D contained the piscina, 
or large reservoir for swimming, K, vestibule for spectators and the dresses of Uic bathers. 
F, entrance vestibule of the therma?, having libraries on each side. G O, rooms wherein 
the athlets pre))ared for their exercises. H, a court, having a piscina for bathing in the 
centre. I, epheheum, place of exercise for the youth. K K, the elwutherinttif orapartment for. 
anointing the bathers with oil. L L, vestibules. M, hconicum, an apartmeht so called, as 
it is said, from the name of the stove by which it was heated, and fVom the custom of tlie 
BudatiOf or sweating, having originated in Laconia. N, caUlartum^ or hot water batli, wlddi 
was most firequented. O, tepidariuniy or tepid water bath. P, frigidariwm^ or cold water 
hath. Q, exedra for seats for the use of the philosophers and their scholars. W, rooms for 
conversation. 11 Ii» exedtast or large recesses for the use of the philosophers. Y, conisterium^ 
or place where, after anointing, tlie wrestlers were sprinkled with dust. 

^6. We have just given the common explanation to the word laeonicum ; but it is right 
the reader should know that its true meaning is in some doubt. Galiani considers it a great 
chamber wherein the people underwent sweating. To this Cameron adds, ** I for myself 
hold it certain that the apartment for this purpose has been by some authors improperly 
termed ; the laeonicum is notliing more than a little cupola which covered an aperture in 
the pavement of the hot bath, through wluol|;ihe vivid flame of thi hypocaustum, or 
furnace, passed and heated the apartment at pleaeure. Without this means,” continues that 
authW, « the hot bath would not have hwiji greater heat than the other chambers, tiie 
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tompcraturo of trhich was milder. I have been induced to form this opinion, not only 
from tlie ancient paintings found in the baths of Titus, but also by the authority of Vitru- 
vius, who says that the hot bath (coneanurafa tndatio) had within it, in one of the cornersi. 
or rather ends, the laconicum. Now, if the laconicum was in the comer of the hot bath, 
it is clear that it is not the bath itself, but merely a part of it ; and if, as others have thought^ 
it was the hot bath itself, to what imrpose served the concamerata sudatio ? ” 

237. Tlie baths and thermee of the Romans, like the gymnasia of the Creeks, were highly 
ornamented with bassi relicvi, statues, and paintings. The basins were of marble, and the 
beautiful mosaic pavements were only equalled by the decorations of the vaults and 
cupolas. Nothing more strongly proves the magnificence and luxury of the ancient 
Romans than the ruins of the batlis still to be seen in Rome. Agrippa decorated his baths 
with encaustic paintings, and covered the walls of the caldarium with slabs of marble, in 
M'hich small paintings were inserted. All these luxuries were introduced under the em- 
perors ; and the mere act of bathing, as described by Seneca in the instance of Scipio 
Africanus, appears to have been almost lost in the effeminacy of the later practice. The 
splendour of the places may be judged of by calling to the remembrance of the reader 
that the celebrated statue of the Laocoon was one of the decorations of the baths of Titua 
and that of the Farnese Hercules of the baths of Caracal la. 

238. We have, in the section on Aqueducts (224.), stated the extraordinary quantity of 
water with which the city was supplied by them, and there can be no doubt that the baths 
caused a very great consumi)tion of that necessary article of life. After the removal of the 
empire to Constantinople, we hear of no thermae being erected ; and it is probable that at 
that period many of tliose in the city fell into decay. The aqueducts by which they were 
supplied were, moreover, injurad by the incursions of invaders, another cause of the destruc- 
tion of the baths. Remains of Roman baths have been discovered in this country, for 
descriptions whereof the reader is referred to the Arck<ro!ngia. 

239. We shall conclude our observations on the Roman baths by the mention of some 
curious paintings in the baths of Titus, very similar in their features to those found in 
places on the walls of Rompeii ; we allude to representations of slender twisted columns, 
broken entablatures, and curvilinear pediments, columns standing on corbels attached to 
the walls, a profusion of sculpture, with fantastic animal figures and foliage, and many 
other estravaganzas, which found imitators after the restoration of the arts, and, in some 
cases, with great success. 

240. Circi, — The circus of the Greeks was nothing more tlian a plain, or race course ; 

from Its length called 2rd^iop (stadium); as also KtpKos, from its oval figure. With the 
Romans it became a regular building of great dimensions and magnificence, llie Circug 
Maximus, oonstructed originally in a rude manner by Romulus, and afterwards rebuilt by 
the elder Tarqu in, is, in its external dimensions, computed to have been 2000 ft. long and 
550 ft. broad, consisting of two parallel walls in the direction of its length, united at one 
extremity !)y a set of apartments, called carcercs, arranged in the form of the segment of a 
circle of about 430 ft. radius; and, at the opposite short end, by a semicircular enclosure 
1 he i^rcercs contained the cliariots ready for starting. Tho arena, or space thus enclosed* 
contained a long low wall called tlie spina, 1300 ft. in length, running along its longitudinal 
axLs, and commencing at the centre of the semicircular end, having a meta, or goal at 
tach of Its extremities. lake those of the theatre and amphitheatre, the seats of the spec- 
tators were placed round the arena with a podium in front ; between which and the spina 
l.ie races of the chariots were exhibited. Tlie circus of Nero was nearly of the same form 
lut neither so long nor so broad, being only 1400 ft. in length and 260 in breadth and 
us spina but 800 ft. ’ 


241 n,c Trains of the c.rc.is of Caracalla, of which Bianconi luu. given a very coort 
account, are still sufficiently abundant to trace the plan ( /ip. 1 31 . It was ncnrlv of the • 
same dimensions as that of Nero. Tlierc are in this building some curious oxamnles of 
lightening the spandrels of the arches over which the seats were constructed, by fillinit them 
in with light vessels of pottery; a practice which has been partially adopted in some 
modern buildings, and is still usefully practised on the Continent. Generally speakinir 
the circus was a parallelogram, whom external length was from four to five times Bs breadth 
It was surrounded by seats ranged above each other and bounded by an exterior waH 
pr^bly pierced with arcades. The spina was about two thirds the length of the buildinir’ 
aim was ornamented with stetues, obelisks, and other ornaments, termin^d ate^h 3^ 
he meta, which eon«sted of three obelisks or columns. The carcere. wc“e S 
m front ami rear, which were not opened till the signal was given for startiJ^ In tl^ 
etreus of Ce^lla, it will be seen that these carcercs were placed obliquely to the Ion* 
JJTwfl ^ “ “I ‘he Jength of their course from the s Jting p^im to 


242. Private Houses . — Hie domestic architeeturc of the Romans irrno* 

the general instructions spread over the sixth book of I'itruvius upSulmir pmts and 
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portiom luive received mtidi illustratiou firem the 
diicovcritMi at I’ompeii; and it is pleasant to find 
that, following his merely verlml directions, a build- 
iiig might be planned which would corre^mnd 
as nearly with wliat we no%v know was the case 
as two houses, even in a modern city, may be ex* 
pccted to resemble one another. In the following 
observations we have used most abundantly tlie ele- 
gant little work of Mazois (Le Palais de Scaunts, 
2d ed. 8vo. Paris, 1822), and feel a pleasure in thus 
acknowledging our obligations to that autbar ; but, 
before more immediately using his observations on 
the later habitations of the Homans, we shall pre- 
mise tliat until after tlie war of Pyrrlius, towards the 
year S180 h.c., the use of tiles as a covering for them 
a])pcars to have been unknown. Tilt then thatch or 
siiingles formed tlie covering of the houses. They 
consisted of a single story; for, according to I’liny 
(lib. xxxiv. c. 1 5.) and Vitruvius (lib. ii. c. 8.), a law 
was in force forbidding walls of a greater thickness 
than one foot and a lialf; wlience it is clear they 
could not have been safely raised higher than a 
single story with the unbaked bricks then ih use. 
Put thespace within which the city wasconfincd, with 
an increasing population, rendered it necessary to pro- 
vide in lieight that which could not beolitaincd in area; 
so tliat, in the time of Augustus, tlic height of a house 
was limited to 70 ft. (AvreL Viet; and Strabo, lib. v.) 

*J43. 71ie extraordinary fortunes tliat were realised 
in Home towards tlie last years of tlie republic, when 
the rehneinents of the arts of Greece were introduced 
into tlie city, soon led its more fovoured citizens to 
indulge in architectural splendour. Lucius Cassius 
had mx'orated his dwelling with columns of foreign 
marble ; but all other private edlBccs were thrown 
into sliadc by that of Taurus, in which were em- 
ployed Iduck marble columns of the height of 38 ft. 
Mamurra Hoed his apartments with marble; and, 
indeed, such was the prodigality, for it deserves that 
term, of the Itomans, that Pliny (lib. xvii. c. 50.) 
tells us of JDoinitius Ahenobarbus having ofTered a 
sum cijuivaleut to 48,5004 sterling (sexagirs .scster- 
tium) for tlie house of Crassus, which was refused, 
'i'heir villas were equally maaiificent. Cicero had 
two of great splendour — his Formian and Tuaeulan 
villas; but these were exceeded in beauty by those of 
Lucullus and Pollio, the latter near Posilippo, where 
tome remains of it are still to be seen. Though 
Augustus attempted to stop this extraordinary rage 
for magnificence, he was unsuccessful; and the ex- 
amples which were afforded by later emperors were 
unlikely to restrain tlie practice where the means ex- 
isted. In the Domus Aurea of Nero, domestic archi- 
tecture appeari, from all accounts, to have reached 
the utmost degree of splendour and magnificence. 

244. In the better class of Homan dwellings, cer- 
tain apartments were considered indispensable ; and 
these, in different degrees of size and decoration, 
were always found. There were others which were 
or were not so found, eooording to the wealth and 
fancy of the proprietor. Thus, every private house 
of any pretension was so planned tliat one portion 
was assigned to the rcceptfon of strangers, ot rather 
for pubiic resort, and the other for the private use 
of the family. The public part was destined for the 
reception of dependants or Uients, who resorted to 
the house of their patron for advice and asstsunen. 
li 2 
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The ntiniber of these cKcnts was honourable and useful to the patron, as they might, in 
chril matters, be depended on for their votes. Hence lawyers especially had their houiM 
thronged with them ; and it is amusing in the present day to see the term of clieni still 
kept up among our barristers : for although his state of dependence has lost notliing of 
its extent, the eminence of the patron is now measured by the quantity and amount 
bis clients enable him to consume. Vitruvius describes the public portion as consisting of 
the porticus, vestibvlvmy cavesdium or atriuniy iaUinum^ alcty fauces^ and some few others, 
wliich were not added except at the especial desire of the party for wliorti the building was 
to be erected. 


24.5, Tlie parts whicli v/ero sacred to tho 
use of the family were the perhtylty the eu~ 
hicuta (sleeping apartments), the triclinrutn, 
the ffci, the phiacoihectB^ or picture galleries, 
the biblictheca, or library, baths, exedrie, 
xysti, and others. 

246. In the more extended mansions of 
tlie Homans was an area, surrounded on two 
sides by porticoes and shops, and ornumentcSl 
with statues, trophies, and the like, and on 
the third (tl)e fourth being o]>en) was the 
decorated entiance or portico of the house, 
lint in smaller dwellings this entrance or 
portico was in a line with the front of the 
houses in the street ; the vestii)u}e or pro- 
thyrum (Jty. 132. ) being in the Roman houses 
merely a passage room, whicl) led from the 
street to the entrance of tl>c atrium. Jn 
tills vestibule, or rather by its side, the os- 
iiurtus or ))orter was stationed, as in French 
houses wc find a couc'urge. When there 
were two courts, we are inclined to think 
(hat the one nearest the street wa.s called 
the atrium^ and tlie farthest from it the ca* 
tvedium ; hut in many cases we also think 
that the atrium served e(|uully as a cawediiimi 
according to the owner’s rank. The explaii* 
ation of Varro will certainly answer for one 
as well as the other. It may be that the 
cav^edium was a second atrium of larger 
size. 

247. Of the atrium Vitruvius describes five sorts; 1. The T»«crtn, wherein the pvo- 
leetmg roof was a sort of pent-house on the four sides, supported by beams framed at 
right angles into each other ; the space in the centre forming the compluvinm^ and the 
basjn or area in the centre the impluvium, 2. The tetrugtyh atrium (one with four 
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column*), tvlifdi wm clmilar to the Tuscan, except tliat the angles of tlit beams of tfie roof 
or |>ent-liou«e rested on four coluiims. 3. The Corinthian atrium (Jf^. 133,), wliich dif- 
fered onitir from the last in its size, and the number of its columns. 4. Jlie atrium di»- 
pluvkUum ill which tlie slope of the roofs was towards the body of the building. 5. The 
atrium testudimUum, which wm covered with a ceiling, and w th nothing more than an 
afierture therein to afford light. Tlie compluviuin was sometimes (7V/«. xix. c. i.) 
provided wkli a sort of awning. 'J'lic roof of the four sides of the atrium was covered 
with ornamental tiles, the eaves’ faces whereof were terminated between their sloping junc- 
tions witii carved feces called aniejix<t, similar to those in the roofe of the Grecian tein. 
pies, 'llie atrium wes, moreover, frequently embellished with fountains. Jt was in the 
atrium that the splendid columns which wc have mentioned, as decorating the house of 
Scaurus, were placed. The walls were either lined with marble or jminti^ with various 
devices, and the pavement was decorated with mosaic work or with precious marbles. 

248. The tablinum, which usually ojumed towards the atrium, seems to have been a sort of 
levee room, wherein the master of the mansion received his visitors or clients, lists of whom 
were therein recorded, and where the maeatro di camera announced their names. Some 
have thought, and we do not say they are wrong, that tins apartment contained (which it 
might also do without affecting the truth of the first supposition) the family archives, 
statues, pictures, pedigree, and otlier a])purtenances incident to a long line of ancestors. 

249. Thu apartments on the sides right and left of the tablinum were caliud, its their 
name signifies, ala. These were also furnished with portraits, statues, and other pieces re- 
lative to the family, not omitting inscriptions comineinurativc of actions worthy their name. 

250. 'fwo corridors, one on each side of the atrium, which led to the interior of tlie hou.se 
from tlie atrium, were called fauces (jaws). 

251. In houses of moderate dimcnsioiLs chamlx'rs were distributed round the atrium fur 

the reception and lodging of strangers; but 
in establishments of importunce, wherein the 
proprietor was a person of extended con- 
nexions, there was a separate hospitium ap 
propriated to that purpose. 

252. We have stated that the |>eristyle was 
A portion of the private part of the house. 
It was mostly, if not always, placed beyond 
the atrium, with which it communicated hy 
means of the tablinum and fauces. Similar 
in general form and design to the atrium, 
for it was surrouiided by columns (see fp, 
134.), it was larger than that a|)artinent. 
'Hie centre was usually pro\i(ied with a par- 
terre ill which shrubs and Howers were dis- 
tributed, and in its middle a fish pool, 'fins 
portion of the peristyle was culled the xystus 
{yitr, lib. vi. c. 10. ). In better houses 
there was an ante-room culled procaton, to 
each of the bed-chambers, of whose arrange- 
ment very little is known. 'I'he tricliniiini 
(rpeis kKivcu, three beds), or dining-room, 
was so called from its having three couches 
round the table on whieh the dinner wu» 
served ; the fourth side being left open for 
the servants (see JJff. 135.). It was raised 
two steps from the peristyle, and separated 
from the garden by a large window. Winter triclinia were placed towards the west, and 
tliosc for summer to the east. In large houses there were several triclinia, whose couches 
would contain a greater or less nuin&ir of people. 'Hie aci were large salons or halls, 
of Greek origin, and, like tlie atria, were of more than one species ; as for instance the 
tetrastyle, tlie Corinthian, and the Egyptian. ** 'Hiere is this difference,” observes Vi- 
truvius (lib. V. cap. 6. ),** between the Corinthian and Egyptian cecus. The former has 
a single order of columns, standing either on a podium or on the ground, and over it 
architraves and cornices, either of wood or plaster, and a semicircular ceiling above tlie 
cornice. In the Egyptian cecus, over the lower column, is an architrave, from which to 
the surrounding walls is a boarded and paved floor, so as to form a passage round it in the 
open air. 'riien, perpendicularly over the architrave of the lower columns, columns one 
fourtli smaller are placed. Above their architraves and cornices, they are decorated with 
ceilings, and windows are placed between the upper columns, 'riius they have the appeal - 
mice of iMtsllicoi rather than pf Corinthian tricliiiia.*' The meusi called Cyxicene by the 
Greeks ^n'as 4^lfvrc|it to those of Italy. Its aspect was to the north, towards the gar- 
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deni, and Iiad doors In the iniddio. It tr«# 

I I made Jong, and broad enough to bold tiro 

! triclinia opposite to each other. The Greek 
oDcus was not, however, much used in Italy* 
The piaacotA^ (picture room), where p<»* . 
sihle, faced the north ; l)oth this and the Wk* 
liotheca (library), whose aspect was east, do 
not require explanation. The exedrtc of the 
Roman houses were large apartments for 
the general purposes of society. 'Jlic upper 
stories of the house, the chief being on 
the ground floor, were occupied by slaves, 
freedmen, and the lower branches of the 
family. Sometimes there was a solarium 
(terrace), which was, in fine weather, much 
resorted to. 

253. Fig. 736. is a plan of the house of 
Pansa at Pompeii, by reference to which the 
reader will gain a tolerable notion of the 
K„.I35. situation of the different apartments whereof 

we liavc been speaking. A is the prothyrum, 
which was paved with mosaic. IJ B B B, Tuscan atrium, in whose centre is the com- 
pluvium or basin (b) for the reception of the water from the roof. One of the proportions 

assigned to the atrium by Vitruvius is, that the 




length shall be once and a half the breadth ; 
and here it is precisely such, c, a pedestal or 
altar of the household god. C C, alee. lliey 
were on three sides surrounded by seats, and, from 
Sir W. Gell’s account, are analogous to similar re- 
cesses in the galleries of Turkish houses, with their 
' idivans ; the thresholds were mosaic. Vitruvius 
directs them to be two sevenths of the length of the 
atrium ; which is precisely their size here. D, ta- 
blinum. It was separated from the atrium by an 
aultTum, or curtain, like a drop scene. Next the 
inner court was sometimes, perhaps generally, a 
window, occupying the whole side. The tablinum 
was used as a dining-room in summer. E E E E, 
peristyle, which, in this example, exactly corre- 
sponds with the proportions directed by Vitruvius. 
F F F F were domestic apartments, as penaria, 
or cubicula, or cellae domesticfe. G, probably 
the pinacotheca, or apartment for pictures. H, 
fauces, or passage of communication between the 
outer and inner divisions of the house. I, cubi - 1 
culum. Its use cannot be doubted, as it contains a i 
bedstead, filling up the whole width of the further^ 
end of it. K, triclinium, raised two steps from thei 
peristyle, and separated from the garden by a large! 
window. In this room company was receiv^, 
and chairs placed for their accommodation. L L 
exedr®. M M M, cell® familiari®, or family cham- 
bers : the further one had a window looking into 
a court at d. N, lararium or armarium, a recep- 
tacle for the more revered and favourite gods. 
O, kitchen with stoves therein, and opening into a 
court at e, and an inner room P, in which were 
dwarf walls to deposit oil jars. Q, fauces con- 
ducting to the garden. Along the back front, 
R R R ^ is a portico or pergula, for training 
vines and creepers on the back front of the 
house, before the window^s of the triclinium. S S : 
these two rooms, opening into the pergula, were* 
it is presumed, cubicula. TT,&c. : the apartments 
thus marked seem to have constituted a distinct 
portion of the house, and communicated with the 
street by a separate door. That they were in. 
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eluded in the e$Mh»linwnt of Puiisa seems certain, from their being connected with the 
peristyle bv the large apartment U, On excavating here, four skeletons of females 
were found marked by their gold ear-rings ; also a candelabrum, two vases, a fine 
marble head of a taun, gold bracelets, rings with engraved stones, &c. Sec, V V V are 
shops, which appear, by the remains of staircases, to have had apartments above. They 
contain dwarf walls for ranging oil jars and other goods against. W W, &c. are dif* 
ferent shops. One is of a baker, and to it the necessary conveniences are appended. X X, 
apotheca or store-rooms. Y is the bakehouse, containing the oven Z, the mills, a 
kneading trough, &c. ; it is paved with volcanic stone in irregular polyg ons, g g, place for 
the wood and charcoal, h appears to have been almost a ^stit]|||j||^lmg : two of the 
apartments had windows to the street, which runs soutlfivard to th^i^H||f f ^ entrances 
from the street to the liouse of Pansa. Tlie house was surrounded byi||^Bii^ or, in otlier 
words, was an insula. We have thus named the principal apartments, an^wentified them 
by an example. In more magnificent houses there were the sacrarium, the veneraum, the 
sphscristerhim, the aleStorium, &c. &c. The painting /y. 137. is in the kitchen of the 
house of Pansa, and represents the worship of the lares, under whose care and protection the 
provisions and cooking utensils were placed. 
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254. Tombs. — The Romans were rather given to magnificence in the tombs erected fur their 
dead. Some of these were public, and others for the interment of individuals or families. 
n»e former were often of vast extent, and have been compared to subterranean cities ; the 
others were pyramids, conical and cylindrical towers, with ranges of vaults in them fur 
sepulture. 

255. Perhaps the earliest tomb at Rome is that of the Horatii, now known as that of 
Aruns, son of Porsenna, which stands on the Applan Way, and was probably constructed 
by Etruscan workmen. It has a basement 45 ft. square on the plan, on wliich btand 
five masses of rubble or earth, faced with masonry, in the form of ftusta of cones, four of 
which are ten feet diameter at the bottom, and are placed at the four angles of the basc« 
ment. The fifth stands in the centre of the whole mass, and is larger than the others. 

256. The principal tombs about Rome are; 1. The pyramid of Caius Ccstius, whose sides 
are 102 ft. long, and its height about the same number of feet. The interior contains in 
the centre a rectangular cell, 20 ft. long, and 13 ft. broad. At each external angle of this 
pyramid stands a Doric column, without any portion of entablature over it It is 
possible these were intended as ornaments, though it has often puzxled us to find out how 
tliey ever could have been so thought. 2. The tomb of Hadrian, now converted into the 
Castel St Angelo, had originally a square basement whose sides were 170 ft. long. From 
this substructure rose a cylindrical tower, 115 ft. diameter, probal>ly at one time encircled 
by a oolonnada. It is now used as a (ortress, and vras considerably altered by Pope 
Paul in. fi. The mausoleum of Cecilia Metella is circular, 90 ft. in diameter, and 62 ft, 
high, standing on a basement of the same form, 'which up to the frieze is of Travertine 
stone, used as a casing to a rubble wall; it is the eailie^t use of Travertine, bc. lOJ, 
though some writers state 50 b.c. The frieae is of matble. In what may be called the 
core 18 a cell, 19 ft. diameter, to which there is an entrance by a passage. 

257. We do not, however, think it necessary farther to detail the Roman tombs which 
way be found in Rome or theqprovineee, but, in Ueu^of extendfig our description on this 
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hcd, 'to giw'tli iMder a notion of tlieir forma in fy. 138. hj a group from 

... among the remain* of wnieii 

city there are a great many 
and various examples Tliey 
are in generalof small dimeii- 
sions, and stand so near one 
another as to form a street 
called the Street of the 
Tombs, Some of these are 
decorated very highly, both 
as respects ornament in die 
arpiiitecture and hassi relievi 
on the differeiit facw. 'ilie 
Homans were particular in 
keeping alive the memory* 
of the dead, hence their 
tomhsi^erc constantly looked 
nfter and kept in repair ; a 
matter which, in this country 
of commerce and politics, 
a man's descendants rarely 
think of, after dividing tlie 
spoil at his death. 
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2.58. Character of Roman Architecture The character of the Homan architecture in its 

best period was necessarily very different from the Grecian, on which it was founded. We 
envy not those who say that they feel no beauties except those which the pure Giecian 
©oric of the Parthenon possesses. Each style, in every division of architecture, has its 
beauties ; and those, among other causes, arise from each style being suited to the country 
in which it was reared ; neither can we too often repCat the answer whicli Quutremere de 
Quincy gives in the Encydopedie Mithodique to the question many years since propounded by 
the French Academy of Inscriptions and Belles Lettres, Whether the Greeks borrowed 
tlieir architecture from the Egyptians?” The answer of that highly talented writer is, 
** llmt there is no such thing as general human architecture, liecause the wants of mankind 
must vary in different countries. The only one in which the different species of archi- 
tecture can approach each other is intellectual; it is that of impressions, which the qualities 
whose effects are produced by the building art can work upon the mind of every man, of 
every country. I^me of them result from every species of architecture, — an art which 
sprung, as well from the huts of Greece, as from the subterraneous excavations of Egypt, 
from the tents of Asia, and from several mixed principles to us unknown. 'Hius the use of 
the word architecture is improper. We ought to name the species ; for between the idea ot 
arehitecture as a genus and as a species there is the same difference as between language 
and tongue ; and to seek for a simple origin of architecture is as absurd as a search would 
lie after the primitive languap. If so, the hut of Vitruvius would be but an ingenious 
fable, as some bate said ; but it would be a ridiculous falsehood if he had pretended that it 
was the typo of architecture.” If we must confine ourselves to the simplicity and 
purity of line which the Greek temple exhibite,— circumstances, be it observed, that no future 
occasion can ever again effectually call up,— all the admiration of the numberless monu- 
meats of the Romans is based upon false data, and we are not among those who feel inclined 
to set ourselves up agmnst the universal consent of our race. Thus far we think it neces- 
safy to observe on the silly rage which a few years ago existed for setting up in this 
metropolis pure Greek Doric porticoes and pure Greek profiles, Wliat could more 
exhibit the poverty of an artist’s imagination, for instance, if the thing exist, than appendinir 
to a theatre the Doric portico of a temple? But the thing is too ridiculous to dwell on 
and we pioceed to our purpose. Whether the Romans invented the Tuscan order we much 
doubt. No example of it exists similar in formation to that described by Vitruvius : it 
must, however, be admitted that it is a beautiful .combination of parts, and worthy so irreat 
a people. It SMms highly probable that this order was used by the Etruscans, and tlSit t<y‘ 
them lU ongin is attributable. The use of timber in the entablature, which we know was 



his usual quaintne&s and simplicity, that it is a sturdy labourer in homely 

25ft The Doric order with tlie Romans was evidently not a favourite. In their hands 
lU character Was mu^ chained. The renuiin* of it in the theatre of Marcellus. in the 
Pompfti.«nd tliefr.^meBt >t thebatlig<rf Diocle.iM.MenM.uffloient. 
/tm ef the firrt only excepted, to jusufy us in detoieing the reader on the matter. The 
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Itwvt order of the Cidheum, be it ulncrved, wrato ih««(^yiih, tlie dutioeuMiing future 
of the order; «e thet although in a previous m «« have described it as l^ie, we 
icarcely know wlwther we liave not erred in our deseriptioa. But to approach tlie suitject 
of the lloman Doric more closely, we will etamine the general form of the ecample which 
the theatre of Maroellus affords. 'ITierein the whole height of the order is SI-IS ft. 
whereof the entablature is rather more than one fifth, and the columns are 7-«<J diameten 
From the intercoJumntMtions nothing can he deduced, becetue the arcade which 
eeparatet puts them out of comparison with other examples. Its profile is clearly that 
which has formed the basis upon which the Doric of the Italian architects is founded ; they 
have, however, generally added a base to it There is great differ mm b etween it and the 
Grecian Doric, wJiicIi in its form is much more pyraididal, and <^^|fe|||eTen in ancient 
Home, been out of character with the decorations applied in the Hibitecture of the 
city, in wliich all seventy of foi^ was abandoned. Tl^e details, however, of the Roman as 
well as of the Grecian Doric will be given, and, from the representations, better understood 
1^ the reader, when we come to treat of the Orders in the third book of this work, where 
some vanities of it ore tiitbinitted.cto tlic reader. ^ 

260. In the exam|ilkfs of Roman Ionic, that of the tlieatfc of Marcellas excepted, there is 
a much greater inferiority than in tlie instance of Roman Doric to which we have just 
alluded ; indeed, that of the Temple of Concord, now knoivn as the Temple of j^turii. is 
composed in so debased a style, that allusion ought scarcely to be madeto it. The fol- 
lowing (able exliibks the general proportions of the four Roman proBles of it : — 


Examples. 

Height di- 
vided by 
lower Dia- 
meter In En- 
glish Feet 

Dia- 

meteriin 

Height. 

Entabla- 
ture in 
Terms of 
the Dia- 
meter. 

Inter- 

eolum- 

niatlon. 

Heiglitof 
Capital In 
Terms of 
the Dia- 
meter. 

r of 
Shall. 

Fortuna Virilis 

^109 

»*796 

2*182 

2*125 

•457 

*874 

Concord, now Saturn 

4SS6j _ 

4 4it 

9*554 

1*605 

1*80*7 

*500 

•625 

Marcellus (Theatre of) 

M»±0 „ 
a«6o “ 

9*000 

2*391 

• • : 

•557 

*842 

Coliseum • - - 

a»i *■ 1 

8*842 1 

2*280 

• - i 

•466 

*833 


261. Krom the above it appears that, except in the case of the Temple of Saturn* the 
LMitablature is about one fifth of the height of the whole order, and that the column diminislies 
about ^ of its lower diameter. The capitals of the Roman are much smaller than those 
of the Grecian Ionic, and their curves are by no means so elegant md gracefiiL Tliere is 
no appearance of refinement and care in their composition, for which the rules of Vitruvius 
give an altogether much more lieautiful profile than those examples, we have here quoted, 
present *ln the Temple of Saturp, the volutes are placed diagonally on the capital, So 
that the four faces arc similar in form. In the Greek s])eciinens, as alw in the Temple of 
Fortuna Virilis, this is done on one angle only of the capital of the columns, and that for 
the purpose of again bringing the faces of the volutes on to the flanks of the bOiiding, instead 
of showing the baluster sides of tlie capitals. On the whole, wb think the modem 
Italian architects succeeded in producing much more beautiful profiles of this ordbr, which 
never appears to have been a favourite in Rome, than their aheient predecessors. 

262. Tlie Corintliiaa seems to have been greatly preferred to the other orders by the 
uxurious Romans. Tliere is little doubt that the capitals were generally the work of Greek 
sculptors, and some of tiiose they liaNC left are exceedingly beautiful; one that we 
have already mentioned, tliai of Vespasian, points to sculpture of the highest class, llte 
following table contains tbe general proportions of six well-knOWn examples in Rome: — 


£xanip*es. 

Height di- 
vided by 
lower Dia- 
meter III En- 
glish Fjiet 

1 DU- 
meterb in 
Height. 

Kntabla- 
ture in 
Termt pf 
the Dia- 
meter. 

Intsr- 

colum- 

niadon. 

Height of 
Capital in 
Terms w 
the Dla^ 
latter. 

meHiror 

Shaft. 

Pantheon, Portico • • 

Paiitlieon, Interior 

Japiter Tonans, now Vespasian - 
Jupiter Stator, now Dioscuri • 
Facade of Nero ... 
Arch of Constantine • • 

m: 

* 

siJl* • i 

Z\ 

• sea * 

9*804 

9*499 

10*241 

9*820 

9*973 

9^1 

2 317 
2*251 
2*069 
2*534 
2*439 
2*388 

2*092 

1*834 

1*558 

1*575 

ia75 

1*000 

1*167 

4*08 

1*269 

1*095 

•855 

*866 

•867 

*891 

•888 

*882 


S63. From the jtbove, it appears a mean of the whole height of the Gorintliuiir 
order ki the BenMUH examples is 1 2 * 16 (Kdiamctors, and that Ihe entahUture is lets than a fifth 
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0 f the height of the order, being a* -1686 ! 1 -OOOa Tlie dimlnulion of the elwft le not ■« 
much u in tlie Ionic, being only of the lower dieineter. The Temple of the Sybil at 
Tivoli presents ouite tt distinct species, and is the romance of the art, if we may he alJoweu 
such an expression* The mean height of the columns is 9*833 diameters, being rather 
slenderer tlian the height recommended by Vitruvius (Lib. iv. c. 9. ). Tlie attic bas^ 
which will be considered in another portion of the work, was frequently employed by 
the Roman artists. 

964. The invention of the Composite order is attributed, with every probability, to the 
Romans. It resembles generally the Corinthian, the main variation consisting in the part 
above the second tier of leaves in the capital. The following table exhibits the general 
proportions of tkg||^ample8 : — 


Example. 

Helffht divided 
by lower Dia- 
meter in English 
Feet. 

Diame- 
ters in 
Height. 

Entablature in 
Terms of the 
Diameter. 

Height of Ca- 
pital in Terms 
of the Dia- 
meter. 

Dia- 
meter at 
top of 
Shaft. 

Arch of Titus • • 

Arch of Severus • • 

Baths of Dioclesian « 

22 aa 

2*07 

23 S41 _ 

2 887 

4 619 “ 

10-662 

8-260 

10-495 

2*533 

2*316 

2-3 

1*287 

1*144 

1*181 

*887 

•882 

*802 


365. The of these makes the entablature a little less than one fifth of the entire 
height of theWier, the ratio being as *1955 ; 1*0000. The diminution of the shaft is 
of the lo^er diameters. The mean height of the columns is 9*806 diameters. A 
strongly marked feature in Roman architecture is the stylobate or pedestal for the 
reception of columns, which was not used by the Greeks. In the examples, it varies in 
height, but, generally speaking, it is very nearly four diameters of the column ; a mean of 
those used in the triumphal arches comes out at 3*86 diameters. Another difference from 
Greek architecture is in the form of the Roman pilaster, which was sometimes so strongly 
marked m to fonn a sort of square column with capitals and jiases similar to those of the 
columns it accompanies, except in being square instead of circular on the plan. It is di- 
minislied in some hpildings, as in the portico of the Pantheon, and in that of Mars Ultor, 
while in others, noluch diminution takes place. The reader will recollect that the Greek 
antic were never diminished, that their projection was always very small, and that the mould- 
ings of their capitals were totally different from the columns with which they are connected. 

266. But the most wonderful change the Romans effected in architecture was by the in- 
troduction of the arch ; a change which, by various steps, led, through the basilica, to the 
construction of the extraordinary Gothic cathedrals of Europe, in its progress opening 
beauties in the art of which the Greeks had not the remotest conception. These matters 
will be more entered into in the next section ; we only have to observe here, that its import- 
ance was not confined to the passage of rivers by means of bridges, but that it enabled the 
Romans to supply in the greatest abundance to their cities water of a wholesome quality, 
without which no city can exist. To the introduction, moreover, of the arch, their 
triumphal edifices were indebted for their principal beauties ; and without it their theatres 
and amphitheatres would have lost half their elegance and magnificence. Whence the arch 
came is not known. It is now considered to have been borrowed from the Etruscans, 
and was etnployed at Rome in the oldest constructions of the Kings, as ea^^ns b.c. 640* 
In the section on Egyptian architecture, the subject has already been notidlC'^* 

267. The use of coupled columns and niches exhibits other varieties in whi(«tt4l| Romans 
delighted ; but the former are not found till an age in which the art of architecture had 
begun to decline. 

268. There is still another point to which the reader’s attention must be directed, and it 
is almost a sure test of Roman or Greek design ; namely, the form of the mouldings of an 
order on their section. In purely Greek architecture, the contours of the mouldings are 
all formed from sections of the cone, whilst in that of the Romans, the contours are all 
portions of oirclea. 

269. Under the climate of Rome it became necessary to raise the pitch of the roof higliet 
than was necessary in Greece; hence the Roman pediment was more Inclined to the 
horizon. As, however, when wo consider the practical formation of roofs generally, we 
shall investigate the law which, forced by climate upon the architect, governed the incli- 
nation of the pediment, the reader is referred, on that point, to the place in this work 
where the subject of roofs is treated. (See Book II. Ch IIL, sec. iv., par. 2027.) 
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Sect. XIV. 

■TZANTINE AND ROMANESQUE ARCHITECTURE. 

2 70, We propose in this section to take a concise viesr of the state of debased Roman 
arcliitccture, from the year 476, in which the Roman empire in tlie West was destroyed, Ip 
the introduction of the pointed arch at the latter end of the 12th century. It wilt be ne* 
cesSary to premise that the term Romanesque is very general, and comprises the works of 
the Lombards as well as those of a later species, which in this country are called Saxon and 
Norman, for the character of all is the same, and we think much confusion will l>e pre- 
vented by the arrangement we propose. Between the fifth and the d%hth centuries, at 
the beginning of which latter period the whole of Europe formed one great Gothic kingdom, 
the prospect is over a dreary desert in which the oages of our art are few and far between. 
The constant change of power, the division of the empire, which was so overgrown that it 
could no longer hang together, the irruptions of the Goths, whose name has been most 
improperly connected with all that is barbarous in art, make it no easy task to ^ive the un- 
earned reader more than a faint idea of what occurred in the extended period through 
which, often in darkness, we must proceed to feel our way. But, previous to this, m'c sh^l 
continue the state of the architecture in the East; because, having already given some account 
of Saracenic architecture, which had its origin about the seventh century, we shall not 
again have to divert his attention from the subject until the reader is introduced to the 
pointed style : an arrangement which, we trust, will assist his memory in this history. 

271. The emperor liicodosius, who died a. d. 395, exliibited great talent in arms nnd 
was desirous to extend the benefit of his influence to the arts, in which he did much for 
the empire. His sons Arcadius in the city of Constantinople, and Honorius at Rome, 
were incapable of doing them any service, though by them was raised the famous I'tieodosiaii 
column at the first named city, which was surrounded with bassi relicvi, after the fashion 
of that erected lon^ before in honour of Tr^'an at Rome. The ascent of Theodosius II. 
to the throne promised as well for the empire as for the arts. He called architecture to 
his aid for embellishing the cities of the empire. Under him, in 4 1 3, Constantinople was sur- 
rounded with a new wall ; some extensive baths, and a magnificent palace for the two sisters 
of Pulcheria were erected. In 447, an earthquake nearly destroyed the city, which was so 
admirably restored under this emperor that he might with propriety have been called its 
second founder. Except some trifling matters under Anastasius II., and Justin his successor, 
little was done till Justinian, the nephew of the last named, ascended the throne of the East, in 
527. By him the celebrated architect Anthemius was invited, to Constantinople. Hirough 
the genius of this artist, aided by his colleague Isidoius of Miletus, on the ruins of the 
principal church of the city, which, dedicated to Saint Sophia or the Eternal W isdom, had 
been twice destroyed by fire, was raised so splendid an edifice, that Justinian is said on its 
completion to have exclaimed, as Gibbon observes, “with devout vanity ; ’* “ Glory be to God, 
who hath thought me worthy to accomplish so great a work. 1 have vanquislied thee, O 
Solomon.” We shall make no apology for giving the description in the words of the 
historian we have just quoted; a representation of the building l>eing appended mfgs. 
139. and 140, “ But the pride of the Roman Solomon, before twenty years had elapsed, was 

humbled by an earthquake, which overthrew the 
eastern part of the dome. Its splendour was restored 
by the perseverance of the same prince ; and in the 
thirty-sixth year of his reign, Justinian celebrated 
the second dedication of a temple, which remains, 
after twelve centuries, a stately monument of his 
fame. Tlie architecture of St. Sophia, which is now 
converted into the principal mosque, has been imi- 
tated by the Turl^sh sultans, and that venerable 
pile continues to iXEite the fond admiration of the 
Greeks, and the tn^|i||^opal curiosity of European 
travellers. The e|BpPH||Bpectator is disappointed 
by an irregular pro^p^t IHIalf domes and shelving 
roofs : the western front,^e principal approach, is 
destitute of simplicity and magnificence; and the 
scale of dimensions has been much surpassed by 
several of the Latin cathedrals. But the archi- 
tect who first erected an aerial cupola is entitled 
to the praise of bold design and skilful execution.** 
The dome of St. Sophia, illuminated by four and 
twenty windows, Is formed with a fiattish curve, 
the height being 4 feeti according to Salscnberg, the internal diameter is 106 ft. 7^ in. 
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and the lofty centre, where a crescent has supplanted the cross, rises to the perpendicular 
height of 182 ft. above the pavem^ “The circle which encompasses the dome lightly 
reposes on four strong arches, anSWIir weight is firmly suppoited by four massy piles ” 
(piers), “whose strength is assisted on the northern and soutl.ern sides by four columns of 
Egyptian granite. A Greek cross inscribed in a qnailranglc represents the form of the 
‘ edifice; the exact breadth from /t. to b. is 231 fl., and 268 ft. from a. to a., or the extiemc 
length; the width under the dome from c. to c. is 109*6 ft. The vestibule opcnid 
into the nartfiex or exterior (loitico. That portico was the humide station of the 
penitents. 'Mte nave or l)ody of the church was filled l)y the congregation of the faithfid ; 
init the two sexes were ])rii(lently distinguished, and the upper and lower galleries were 
allotted for the more private devotion (*f the women. Heyond the northern and southern 
piles” (piers), “a balustrade, terminated on either side by the thrones of the emperor and 
the patriarcli, divided the nave from the choir ; and the sj)ace, as far as the steps of the 
altar, was occupied by the clergy and singers. 'J'he altar itself, a name which insensii>Iy 
became familiar to Christian ears, was placed in the eastern recess, artificially built in tl»e 
form of a demi-cylinder, and tliis sanctuary communicated !)y several doors with the 
sacristy, the vestry, the baptistery, and the contiguous buildings, subservient either to the 
pomp of worship or the private use of the ecclesiastical ministers.” We should be fearful 
of thus continuing the quotation, but that we prefer tiie language of Gibbon to oiir own • 
l>eyond which, the practical knowledge the rest of the description discloses is not unworthy 
the scientific architect, and the subject is the type of the great modern cathedrals, that of 
St. Paul, in Ia>ndon, among tlie rest. “ The memory,” he continues, “ of ]>ast calamities in- 
spired Justinian with a wise resolution, that no wood, except for the doors, shouhl be admitted 
into the new edifice ; and tlie choice of the materials was applied to the strength, the light- 
ness, or the splendour of the respective parts. The solid piles” (piers) “which sustained 
the Cupola were composed of huge blocks of freestone, hewn into squares and triangles, 
fortified by circles of iron, and firmly cemented by the infusion of lead and quicklime ; 
but the weight of the diminished by the levity of its substance, which consists 

either of pumice-stone JBrlmiits in the water, or of bricks from tlie Isle of Rhodes, five 
times less ponderous tl^ the ordinary sort. The whole frame of the edifice was con- 
structed of brick ; but those base materials were concealed by a crust of marble • and the 
inside of St. Sophia, the cupola, the two larger and the six smaller semi-domes, the walls, 
the hundred' columns, and the pavement, delight even the eyes of barbarians with a rich 
and variegated picture.” Various presents of marbles and mosaics, amongst which latter 
were seen representations of Christ, the Virgin, and saints, added to the magnificence of the 
edifice, and the precious metals in their purity imparted splendour to the scene. Ruforc 
the building was four feet out of the grotind its cost had amounted to a sum equivalent to 
200,0004 sterling, aii| the total cost of it when finished may, at the lowest computation be 
rci'lioned af exmtHng one million. In Constantinople alone, the emueror dedicated twenty- 
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Hrt tbureha to ChH§t, the Virgin^ and favourite minta, Theee vrere highly decorated, and 
hnooaing aituatiom were found for them. That of the Holy Apoatlea at Conatanthople, 
and of St John at Epheaua, appear to have had the church of St Sophia for their typeu; 
but in them tlw altar wan placed under the centre of the dome, at the Junction of four ' 
porticoea, expreasing the figure of the cross. « The pious tnunificeiice of the emperor waa^ 
difnised over the Holy I^ul ; and if reason,** says Gibbon, ** should condemn the monas- 
teries of both sexes, which were built or restored by Justinian, yet charity miist applaud 
the wells which he sank, and the hospitals wliicli he founded, for the relief of tlie weary 
pilgrims.** ** Almost every saint in the calendar acquired the honour of a temple; almost 
every city of the empire obtained the solid advantages of bridges, hospitals, and aqueducts ; 
but the severe liberality of tlie monarch disdained to indulge his subje^ in the popular 
luxury of baths and theatres.** lie restored the Byzantine palace ; hut selfishness, as re- 
spect^ his own comfort, could not l>e laid to his charge ; witness the costly palace he ereeted 
for the infamous 'Flieodora, and the iiiiinificent gif^ equal to 1R0,0(XV. sterling, which 
he -bestowed upon Antiocli for its restoration after an earthquake. His care was not 
limitc<l to the peaceful enjoyment of life by the empire over which lie presided; for the forti- 
fications of Europe and Asia were multiplied by Justinian from Belgrade to tlie Euxinc, 
from the conflux of the Save to the mouth of the Danulie ; a chain of above fourscore forti- 
fied places was extended along the banks of the great river, and many military stations ap- 
peared to extend beyond the Danube, the pride of tUe Roman name. We might consider- 
ably extend the catalogue of the extraordinary works of Justinian; but our object is a 
general view, not a history of the works of this extraordinary person, of whom, applying the 
verses architecturally, it might truly be said — 

SI Pergama dextta 
Defend! poisent : etiam hac defensa fuitieol ; — 

and by whom, if architecture could again have been restored, such a consummation would 
have lieen accomplished. 

27ti. In 565 Justin succeeded to the throne of the East, after whose reign nothing oc- 
curs to prevent our proceeding to the Western part of the empire, except tW notice neces- 
sary to be taken of i^eo tlie Isaurian, who ordered the statues in the diflerent churches to 
be broken in pieces, and the paintings which decorated them to be destroyed. Under him 
Ravenna was lost to the Eastern empire, and under his predecessors Maliomet appeared ; 
and in his successors originated the l^racenic architecture described in a previous section. 

It was under Justin, in 571, tlmt the prophet, as he is called, was born, and was in 6.12 
succeeded by Abuliekr. 

27.1. We now return to the empire in the West, whose ruin, in 476, drew after it that of 
the arts, which had grievously degenerated since the fourth century, at which period their 
decadence was strongly marked. But we must digress a little by supplying a cha.sm in the 
history of our art relative to the ancient basilicze of Rome, the undoubted types of the 
comparatively modern cathedrals of Europe; and within the city of Rome w« sliall Hud 
imple materials for tracing the origin whereof we speak. 

274. The severe laws against the Christians which Sevenis had passed expired with his 
authority, and the persecuted race, between a. n. 211 and 249, enjoyed a calm, during which 
they had been pcicmittcd to erect and consecrate convenient ediHccs for the purposes of re- 
ligious worship, and to purchase lands even at Rome for the use of the community. Under 
Dioclesian, however, in many places the churches were demolisheil, though in some situations 
they were only shut up. This emperor, as if desirous of committing to other hands the 
work of persecution he had planned by his edicts, no sooner published them, than he divocited 
himsdf, by abdication, of the imperial purple. 

275. Under Constantine, in the beginning of the fourth century, the Christians liegan 
again to breathe ; and though that emperor’s religion, even to the period of his deatli, is in- 
volved in some doubt, it is certain that his opinion, as fi^r as we can judge from his acts, 
was much inclined towards Christianity. Out of the seven principal churches, or ImisiHcic, 
of Rome, namely, Sta. Croce di Gienisalemmc, S. Giovanni I^terano, S. l-«orenxo ftiori le 
IVIur^, S. Paolo, S. Pietro, S. Sebastiano, and Sta. Maria Ma^^giore, all but the last were 
founded by Constantine himself. Hie ancient basilica, which derived its name from 
/9cur(A(vs (a king), and oikos (a house), was that part of the palace wherein justice was 
Silministered to the people. The building for this purpose retained its name long after 
tlic extinction of the kingly office, and was in use with the Romans as well as the Grecians. 
Vitruvius does not, however, give us any specifle difference between those erected by o»e 
or the other of those people. In lib. v. c. 1. he gives us the details nf its form and ar- 
rangement, for which the reader is referred to his work. Hie name of basilica was after- 
wards transferred to the first butldingc for Christian worship ; not because, as some have 
supposed, the first Christian emperors used the gn<4ent basilicie for the celebration of their 
religious rites, but more probably with reference td' ilie ideg of sovereignty which the relU 
gfotr exercised, thopgh we do not assert tliat such condunon is to be necessarily drai^'o. 
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There c«ii be no ()oubt that the most ancient Christian hasiltcffi were expressly oonstrnct^' 
Ibr the purpose of religioiit and their architectural details clearly point to tlie epoch m 
which they were erected, lliese new temples of religion borrowed, nevertheless, as well in 
thdit whole as in their details, so much from the ancient bosilicse, that it is not surprising^ 
they should have retained their name. We here place before the reader (fy, 141.) a plan ol 
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its general effect may be better understood. Tlie latter shows how admirably it was adapted 
to the reception of an extremely numerous congregation. I'lie numberless columns which 
the ancient buildings readily supplied were put in requisition for constructing these basilica?, 
whereof, adopting the buildings of the same name as the type, they proportioned the eleva- 
tion to the extent of the plans, and, in some cases, decorated them with the richest ornaments. 
Instead of always connecting the columns together by architraves on their summit, which might 
not be at hand, arches were spanned from one to the other, on which walls were carried up 
to liear the roofing. Though the practice of vaulting lar^e areas did not appear till a con- 
tidcrable time after the building of the first Christian basilicic, it must be recollected that 
the Temple of Peace at Rome had previously exhibited a specimen of the profound know- 
ledge of the Romans in the practice of vaulting : in that example, groined vaults of very 
large dirnemions were borne on entablatures and columns. Kor does this knowledge appear 
to have been lost in almost the last stage of decline of Roman architecture under tlie emperor 
Ohiolestaiu In tlie baths of this emperor arc to he seen not only groined vaults in three 
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dWiilont, whose spin Is nearly 70 but at tbe back of each sprihgef a buttress, pf^isdly* 
of the nature of a flying buttress, is contrived to counteract the thrusts of the vaulting. 

27ff. In recording the annihilation of the arts on the invanon of Odoacer, at the end of> 
the fifth and during the course of the sixth century, historians have imputed it to tlie 
Gothic nations, qualifying by this name the barbarous style which theii degraded tlte pro- 
ductions of the arts. Correct tliey arc as to the epoch of their ruin, which coincided truly 
enough with the empire of the Goths ; but to this nation they are unjust in attributing the 
introduction of a barbarous style. 

277. History informs us, tliat as soon as the princes of the Goths and Ostrogoths had fixed 
themselves in Italy, they displayed the greatest anxiety to make the arts again flourish, and 
but for a number of adverse circumstances they would have succeeded. Indeed, the people 
whom the Romans designated as barbarous, were inhabitants of the countries to the north 
and east of Italy, who actually acquired that dominion and power which the others lost. 
Instructed at first by their defeats, they ultimately acquired the arts of those who originally 
conquered them. Thus the Gauls, the Germans, the Pannonians, and Illyrians, had, from 
their submission to the Roman people, acquired quite as great a love for the arts as the 
Romans themselves. For instance, at Nismes, the birthplace of Antoninus Pius, the arts 
wore in a state of high cultivation ; in short, there were schools as good out of as in Italy 
itself. 

278. Odoacer, son of Edicon, the chief of a Gothic tribe, after obtaining possession of 
Rome in 476, preserved Italy from invasion for six years; and there is little doubt that one 
of his objects was the preservation of the arts. He was, however, stabbed by the hand, or 
at least the command, of his rival and successor, Ticodoric, in 49.8, Theodoric, the son 
of Thcodemir, had been educated at Constantinople, and though personally he neglected 
the cultivation of science and art, he was very far from insensible to the advantages they 
conferred on a country. From the Alps to the extremity of Calabria, the right of conquest 
nad placed Theodoric on the throne. As respects what he did for the arts, no better record 
of his fame could exist than the volume of public Epistles composed by Cassiodorus, in the 
royal name. ** The reputation of Theodoric,” says Gibbon, “ may repose with confidence on 
the visible peace and prosperity of a reign of thirty-three years ; the unanimcgus esteem of his 
own times, and the memory of his wisdom and courage, his justice and humanity, which was 
deeply impressed on the minds of the Goths and Italians.” The residence of 'ibeodoric was 
at Ravenna chiefly, occasionally at Verona ; but in the seventh year of his reign he visited tl)^ 
capital of the Old World, where, during a residence of six months, he proved tliat one at 
least of the Gothic kings was anxious to preserve the monuments of the nations he had 
subdued. Royal edicts were framed to prevent the abuses, neglect, or depredations of the 
citizens upon works of art ; and an architect, the annual sum of two hundred pounds of 
gold, twenty-five thousand tiles, and the receipt of customs from the Lucriue port, were 
assigned for the ordinary repairs of the public buildings. Similar care was b^towed on 
the works of sculpture, l^idcs the capitals, Pavia, Spoleto, Naples, and the rest of the 
Italian cities, acquired under his reign the useAiI or splendid decorations of churches, 
aqueducts, baths, porticoes, and palaces. His architects were Aloysius for Rome, and 
Daniel for Ravenna, his instructions to whom manifest his care for the art ; and under him 
Cassiodorus, for fifty-seven years minister of the Ostrogoth kings, was for a long period 
the tutelary genius of the arts. The death of Theodoric occurred in 526 ; his mausoleum 
is still in existence at Ravenna, being now called Sta. Maria della Rotunda. Tiat city 
contains also the church of St. Apollinaris, which shows tluit at this period very little, if 
any, change had been made in the arrangement of large churches on the plan of the basilica. 
The ftont of the convent of the Franciscan iflars in the tame town, which is reputed to be 
tVie entrance to the palace, bears considerable resemblance to the Porta Aurea of Dioclcsian, 
at Spalatro. These buildings are all in a heavy debased Roman style, and we are quite at 
a loss to understand the passage quoted by Tiraboschi, from Cassiodorus, who therein gives 
a particular description of the very great lightness and elegance of columns; thus-—** Quid 
dlcamut aolumtuu’um junoeam proccritatem ? Moles Ulas sublimissimas fabricarum quasi 
quibusdam crcctis hastilibut oontiMri et subatMittw qualitate eoncavis oanalibut axeavatas, 
ut magts ipsas eestimes ftiisso transfusas ; alias ceris judioes fiiotum, quod inetallis duriisimia 
videos expolitum.” (Lib, vii. Var. 15.) We know no examples of the period that bear 
out these assertions of Cassiodorus; on the contrary, what is known of this period indicates 
a totally different style, 

279. If the successors of Theodoric bad succeeded to his talents as well as his throne, 
and if they bad been assisted by ministers like Cassiodorus, the arts and letters of Italy 
might have recovered ; hut, after the retirement of that minister, from tlie succession of 
Vitises, towards 538, the arts were completely extinct In 543-7, Rome was taken and 
plundered by Totila; and afterwards, in 553, this ill-fated city was again united to the 
Eastern empire by the talents of Belitariua and Naraes, 

280. From the year 568 up to the conquest of Italy by Charlema^e, in 774, the country 
^as overrun by the I.«ombar<w, a pe^le who quiekly attained a high 'degree of elvilttatUm, 
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hiid #ere much gK«n to the practice of architecture. Mnffei, Muratori, and Tiraboichl 
Uve clearly proved that neither the Gotlw nor the Lombards iiitri»ducefl any particular 
Style, but employed the architects wliom they found in Italy. Kig liih Js the irosl-end 
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of the church of St Michael, at ra\ia, a work executed under tlic Lombards, and, therefore* 
here inserted as an example of style, 'hie anxiety, however, of the Lombards to preserve the 
arts was not sufficient to prevent their increasing decay, which daily became more apparent 
Not more than the Goths do they deserve the reproach for their treatment of and indiffer- 
cnce to them. Besides fortifications and citadels for defence, they built palaces, baths, ana 
temples, not only at Pavia, the seat of their empire, but at 'Purin, Milan, Spoleto, and 
Benevento. Hospitals under them began to be founded. The Queen Theodelinda, in 
particular, signalised her pious zeal in founding one at Monza, near Milan, her favourite 
residence, and endowing it in a most liberal manner. 

281. In the eighth century the influence of the popes on the fine arts began to be felt. 
John VI. and Gregory III., at the commencement of the eighth century, showed great solii 
citude in their behalf. During this age the popes gained great temporal advantages, and 
their re>enue8 enabled them to treat those advantages so as to do great good for Italy. In 
the ninth century Adrian 1. signalised himself in this passion to such an extent, that Ni- 
cholas V. placed on his monument the in* 
scription, — 

Kcstitult inore», mcBnia, tcmpla, Dnmot 

His works were many and admirable. Among 
those of great use, he constructed jioiticoes 
from the city to San Paolo and S. Lorenzo 
fuori le Mura. 

282. Before we advance to the ago of 
Charlemagne, it will be necessary to notice 
the church of St. Vitalis, at Ravenna, which 
we have re8er^ed for this place on account of 
the singularity of its construction. It was 
erected, as is usually believed, under the reign 
of Justinian, in the sixth century. See^^a 
144, and 145. The exterior walls are formed 
in a regular octagon, whose diameter is 128 ft. 
Within this octagon is another concentric one, 
54 ft. in diameter, from tlie eight piers whereof 
(55 ft. in height) a hemispherical vault is 
gathered over, and over this is a timber conical 




roof. The peculiarity exhibited in tlie con- 
struction of the cu})o]a is, that the spandrels are 
filled in with earthen vases ; and that round the 
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exterior of its base semicircular beaded windows are introduced, each of which it subdivided 
into two apertures of similar forms. Between every two piers hemicylindrical recesses are 
formed, each covered by a semidome, whose vertex is 48 ft. from the pavement, and each 
of them contains two windows subdivided into three spaces by two columns of the Corin- 
thian order, supporting semicircular-headed arches. Between the piers and the external 
walls are two corridors, which surround the whole building, in two stories, one above the 
other, each covered by hemicylindrical vaulting. The upper corridor above the vault 
is covered with a sloping or leaiito roof. We have before noticed the introduction of vases 
inr the spandrels at the Circus of Caracalla ; and we cannot help being struck with tiie 
similarity of construction in the instance above cited. It fully bears out the observation of 
Miiller {^DenkmaMar der Deuttchen Baukunst), “ that, though beauty of proportion seems to 
have been unappreciated in these ages, and architecture was confined within a servile imi- 
tation of the earlier forms, the art of compounding cement, the proper selection of build- 
ing materials, and an intimate acquaintance with the principles of solid construction with 
which the ancients were so conversant, were fully understood.** 

283, The asra of Charlemagne, which opened after the middle of the eighth century and 
continued into the early part of the ninth, gave rise to many grand edi^es dedicated to 
Christianity. Tbis extraordinary man, rising to extensive dominion, did much towards re- 
storing the arts and civilisation. ** Meanwhile, in the south-east,’* says an intelligent 
anonymous writer, “ the deevepid Grecian empire, itself maintaining but a sickly existence, 
had nevertheless continued so far to stretch a protecting wing over them [the arts] that 
they never had there equally ^>proached extinction. It seems probable that Charlemagne 
drew thence the arohit^ and artisans who were capable of designing and building such a 
church as the cathedral of Aix-la-Cbapelle, in Germany.** “If Charlemagne,** says Gibbon, 
had fixed in Italy the seat of the Western empire, his genius would have aspired to re- 
store, rather than violate, the works of the Cassars ; but as policy confined the French 
monarch to the forests of Germany, his taste could be gratified only by destruction, and 
the new palace and church of Aix-la^Cbapelle were decorated with the marbles of Ravenna 
and Rome." The fact U, that th^ Byzantine or Romanesque style continued, with various 
degrees of beauty, over the Continent, and m this country, till it was superse^d by the in- 
troduction qf the pointed style. Moller, ftom whom we extract j^. 146. which represents 
the portico of the Convent of Lorsch, situate about two and a half German miles from 
Darmstadt, considers it as all that remains of the first ehurch built in the time of Charle- 
maspie. Tbe same learned author observes, that, on comparison with each other of the 
ohumhes of Germany, two leading differences are discoverable in their styles, of 
wbdeh others are grades or combinations. The /rst, or earliest, whoee origin is from the 
South, is, tlKMilpi in its User peiisd much d^enerated, of a hi(|;hl^ finished character, 
dUtii^U^^ 1 m ftirini and decorations resembling those ef Roman buildings, by flat roofs, 
by hemieyundrleal VaultSi and by great solidity of sonilnietion. The Hcond ana later rtvle 
>till|ireserves the asnudroular forms ; but the h*gb pitched rpof, more adapted to the seasons 
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of a northern climate, begins to be substituted for the flat roof of the Soutli, as at the ca. 
tlieclial of Worms on the west side, the western tower of the cliurcli at Gelnhausen, and in 
many other examples. ’ 

284. We are now approaching a period in whicli more liglit can be tliro\vn on our sub- 
ject than on that we have just quitted. In tlie ninth century, on, as it is said, the designs of a 
Greek artist, rose the cathedral of St. IMark at Venice, the largest of tlie Italian churches in 
the Byzantine style. Its plan is that of a Greek cross, whose arms are vaulted hemicy- 
lindrically, and, meeting in the centre of the building, terminate in four semicircular arches 
on the four sides of a square, about 42 ft. in length in each direction. From the anterior 
angles of the piers, pendenthes gather over, as in St. Sophia, at Constantinople, and form a 
circle wherefrom rises a cylindrical wall or drum in which windows for lighting the interior 
are introduced. From this drum, the principal dome, which is hemispherical springs 
Longitudinally and transversely the church is separated by ranks of columns supporting 
semicircular arches. The aisles of the nave and choir, and those of the transepts intersect 
each other in four places about the centre of the cross, over which intersections’are small 
domes ; so that on the roof are four smaller and one larger dome. In tlie exterior front 
towards the Piaz/.a San Marco, the facade consists of two stories, in the centre of the lower 
one whereof is a large semicircularly arched ^trance, on each side of which are two other 
smaller arched entrances of the same form. These have all plain archivolts springing from 
the upper of two orders of columns. On each flank of the facade is a smaller open arcade 
springing at each extremity from an upper of two orders of insulated columns. A gallerv 
with a balustrade extends round the exterior of the church, in front whereof, in the centre 
are the four famous bronze horses which once belonged to the arch of Nero Tlie second 
story towards the Piazza San Marco consists of a central semicircular aperiure. with two 
blank semicircular arches on each side, not quite so high and wide. These five divisions 
are all crowned by canopy pediments of curves of contrary flexures, and ornamented S 
foliage Between each two arches and at the angles a turret is introduced consisting of 
three stories of columns, and terminated by a pinnacle. The building has l>een consideril v 
altered since its first construction; and, indeed, the ornaments last named noint 
Hge than the rest of the edifice, the «ner.l character of which h^ nevertheC Wn r. 
rhore IS considerable similarity of plan between this church and that of sl 

■ 285. Very much partaking the character of composition of St. Mark, but dfeimilar in 
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^noral plan, is the church of St. Anthony at Padua, which has six domes over the nave, 
ciansepts, centre, and choir. It is, moreover, distinguished by two slender towers or minarets, 
which impart to it the air of a Saracenic edifice. 

286. The Italian architecture in the Byzantine or Romanesque style preserved a very 
different sort of character from that of the same date in Germany and other parts of Europe. 
Tlius, — taking the cathedrals of Pisa and Worms, whose respective periods of construction 
are very close together, — the former is separated into its nave and aisles by columns with 
Corinthian capitals, reminding one very much of the early Christian basilica ; in the latter, 
the separation of the nave from the aisles is by square piers. The cathedral at Hsa, with 
its baptistery, campanile, and the carapo santo or cemetery, are a group of buildings of more 
curiosity than any four edifices in the world, and the more so from being so strongly 
marked with the distinguishing features of the Byzantine and Romanesque styles. Ihe 
cathedral (Jig, 147.), whose architect was Buschetto of Dulichio, a Greek, was built in the 

beginning in the. 11th cen- 
tury. It consists of a nave, 
with two aisles on each side 
of it, transepts, and choir. Its 
bases, capitals, cornices, and 
other parts were fragments of 
antiquity collected from dif- 
ferent places, and here with 
great skill brought together 
by Buschetto. The plan of 
the church isa Latin cross ; its 
length from the interior face of 
the wall to the back of the 
recess is 311 fl., the width of 
the nave and four side aisles 
106 ft. C in., the length of the 
transept 237 ft. 4 in., and its 
width, with its side aisles, 
58 ft. The centre nave is 
41 ft. wide, and has twenty- 
four Corinthian columns, 
twelve on each side, all of 
marble, 24 ft. 10 in. high, and 
full 2 ft. 3 in. in diameter. 
Prom the capitals of these 
columns arches spring, and over them is another order of columns, smaller and more nu- 
merous, from the circumstance of one being inserted over the centre of an intercolumniatioii 
below, and from their accompanying two openings under arches nearly equal to the width 
of such intercolumniations. 'Hiese form an upper gallery, or fn/ortuwi, anciently appropriated 
to the use of females. The four aisles have also isolated columns of the Corinthian order, 
hut smaller, and raised on high plinths, in order to make them range with the others. 'I'lie 
tra::septs have each a nave and two side aisles, with isolated columns, the same size as those of 
the other. The soffit of the great nave and of the transepts is of wood, gilt, but the smaller 
ones are groined. The height of the great nave is 91 ft., that of the transepts about 84 ft., 
and that of the aisles, 35 ft. In the centre nave are four piers, on which rest four large 
arches, supporting an elliptical cupola. The church is lighted by windows above the second 
order of the interior. The edifice is suripiinded by steps. The extreme width of the 
western front, measured above the plinth moulding, is 1 16 ft., and the height from the pave- 
ment to the apex of the roof is 112 ft. 3 in. The fa9ade has five stories, the first whereof 
consists of seven arches, supported by six Corinthian columns and two pilasters, the middle 
arch being larger than the others : tlie second has twenty-one arches, supported by twenty 
columns and two pilasters ; the third is singular, from the fa 9 ade contracting where the 
two aisles finish, and forming two lateral inclined planes, whence in the middle are columns 
with arches on them as below. The columns which arc in the two inclined planes gradually 
diminish in height : the fifth story is the same, and forms a triangular pediment, the columns 
and arches as they approach the angles becoming more diminutive. Tlie two exterior sides 
have two orders of pilasters, one over the other. The roof of the nave is supported, externally, 
by a wall decorated with columns, and arches resting on their capitals. The whole of the 
building is covered with lead. The drum of the cupola is externally ornamented with 
eighty-eight columns connected by arches, over which are pediments in marble, forming a 
s)>ecies of crowns. The principal point of difference in these cathedrals from the old 
bagilicK, in imitation whereof they were doubtless buHt^ is in the addition of the transep^ 
by which a crutjiform plan was given to these edifices. The style of the building in 
(luest^on i^^niuch lighter than most of the |>uildings of the period. But, whatever the taste 
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and style, tlie arcliltect of it was a very skilful mechanic. One of his epitaphs, at Pisa, vre 
subjoin, in proof of wliat we have stated. , 

Quod vix mlUe bourn possent juaa juncta movere, 

Kt quod vIx potuit per mare ferre ratis, 

Dusehetti nisu, quod erat mirabile viiu, 

Delia puellarum turba levuvlt onus. 

287. In Germany, the 10th and 11th centuries afford some edifices very important in the 
history of the art. Such are the cathedrals of Spire, Worms, Mayencc, and others, still in 
existence to testify their extraordinary solidity and magnificence. In that country, as Mdller 
remarks, there was a great disparity between its several provinces, as respected their degrees 
of civilisation. On the banks of the Rhine, and in the south, cities were e.stabli.shed when 
those parts became subject to the Romans, and there the arts of peace and the Christian 
religion took root, and flourished ; whilst, in the north and east, paganism was still in existence. 
Christianity, indeed, and civilisation gradually and generally extended from the southern 
and wester* parts. The clergy, we know from history, themselves directed the building of 
churches and convents. The buildings, therefore, of these parts are of great importance in 
the history of architecture. The leading forms of these churches, as well as of those that 
were built about the same period in France and England, are founded upon the ancient 
basilica*; that is, they were long parallelograms with side aisles, and transepts which represent 
the arms of the cross, over whose intersection with the nave there is frequently a Uyuvre. 
The choir and chancel terminate seniicircularly on the plan. The semicircle prevails in 
the vaultings and over openings. The nave is lofty, frequently covered with groined vaulting, 
sometimes with flat timber covering; the gables are of small inclination. In the upper 
parts small short columns are frequently introduced. The prevailing feature in the ex- 
terior is horizontality, by which it is distinguished from the style which came into u.se in the 
1 3th century. The profiles of the mouldings arc, almost without exception, of Roman 
origin ; the impost mouldings under the arches are, in this respect, peculiarly striking ; and 
among the parts the Attic base constantly appears. The lloman basilicae were always 
covered with flat horizontal ceiling.s; those of the churches we are speaking of are mostly 
vaulted. Hence the necessity of substituting pillars or piers for the insulated columns, 
which had only to carry wooden roofs. Tliere are, however, a few churches remaining, 
which preserve the ancient type, as a church at llatisbon, and the conventual churches of 
Vaultnzell and Schwarzach. Fig. 148. .shows the plan, and Jiy. 149. a sketch of one bay in a 
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IdiiKitudinal section of tlie north side of the nave of the catliodrnl 
at Worms, whicli was commenced in the year 99C, and consc- 
crated m 1016. It is one of the most ancient of the German 
churches, and one of the most instructive. On our examination 
of It, recently, we were ^tonlshed at its state of preservation. 
The plan, it will be seen, is strongly distinguished by the cross • 
the square piers are alternately decorated with half columns • and 
the chancel, at the east end, terminates with a semicircle. ’ ITm 
western end of the church, which is octagonal, i«ems7o be mo7e 
modern than the rest, inasmuch as the pointed arch appears in iL 
Fig. 150. is a view of the edifice. “PPears in it. 

288. Parts of the cathedral at Mentz are more ancient tlian 
any part of that at Worms ; lienee it may be studied with advsn 
tage, as containing a view of tlie styles of several centuries. Th« 

(rUt'eTl )? ""k 

289. wiiittington, a liigl.ly talented author, of whom the world 

was deprived at a very early age {HUtoricat S^oftht ^ 
,«.Ucai of Franco, 4lo. Loud. 1809), observes, thrt 

the buddings in France of the 9th and lOth centurieTww Li! 
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tated from the works of Charle* 
magne ; but that his feeble suo 
cessors, deficient botli in riches 
and power, were unable to ecjuai 
them in magnitude or beauty of 
materials. During a large por- 
tion of the 9th century the 
country was a scene of conster. 
nation and bloodshed. The 
must celebrated, and almost the 
only foundation of consequence 
which took place during this 
dreary period, was the abbey of 
Ciugny. It was built, about 
910, by Berno, alibot of Baline, 
with the assistance of William, 
Duke of Aquitaine and Au- 
vergne. But tliere is little 
doubt that the present churclj 
was built,, in the following cen- 
tury. During the 1 1 tli century, 
the French, relieved from their 
disordered state, hastened to re- 
build and repair their ecclesiac- 
tical structures, and their various 
cities and provinces vied with each other in dis^days of enthusiastic devotion. Hubert the 
Pious, by his example, encouraged the zeal of his clergy and people ; and the science of 
arcliitecture revived with majesty and effect from its fallen state. Morard, the abbot of 
St. Germain des Pres, was enabled by this monarch to rebuild the church of his con- 
vent on a larger scale. St. Genevieve was also restored, and a cloister added to it, by 
his order. He, moreover, made preparations for erecting a cathedral at Paris in a style 
of as great magnificence as the times would allow. At Orleans, the place of his na- 
tivity, he built the churches of Notre Dame de bonnes nouvelles, St. Peter, and St. Aignan, 
which last was consecrated in 1029. But our space does not allow an enumeration of all 
the workN undertaken during his reign. About this time, the cathedral of Chartres was 
reb jilt by Fulbert, its bisliop, whose great reputation, in France and the rest of jCurope, 
enabled liim to execute it in a manner till then unknown in his country. Canute, the 
king of England, and Uichard, Duke of Normandy, were among the princes who assisted 
him with contributions. Ilis successor, Thierri or Theodoric, cumjileted the building. The 
northern part was afterwards erected in lOfiO, at the expense of Jean Cormier, a native of 
Chartres, and physician to the king. 'J'hc length of the church is 420 ft., its height 108 ft., 
and the nave 48 ft, wide. The transepts extend 210 ft. The ahbey church of Cluny, 
which succeeded that above mentioned, was one of the largest and most interesting of the 
ecclesiastical monuments of France. It w’as begun in the commencement of the 1 1th century, 
by the abbot Odilo, and finished by his suv'cetsor Hugh, in 1069. The ceremony of its 
dedication did not, however, take place till man} years after. The style of architecture in 
France, in the 11th, was the same as in the preceding centuries ; but the churches were 
larger and more solidly constructed. The oldest buildings of France, with some exceptions, 
are traceable to this aera ; such are the venerable fabrics of St. Germain des Pres at Paris^ 
St. Benigne at Dijon, those of Chartres, La Charil^ sur Loire (Cluny w'as destroyed 
1789), and others ; these all remain to illustrate the history of the arts at this period. 
But as we have said before, and cannot too often repeat, the style which prevailed was 
no more than a debased and feeble attempt to imitate the ancient architecture of 
Home, and its best examples are not, in style even, equal to those of the art in its 
lowest state tmder the reign of Dioclesian ; indeed the investigation is only important as 
being one of the means by which we can arrive at a just conclusion on the state of civilisa- 
tion at different periods. Mores fahricce loquuntar is an expression of Cassiodorus, so true, 
that to prove it would indeed be lighting the sun with u candle ; and we must not trifie 
with the patience of the reader. 

290. 'Hie Saxon churches of England, to which and its more modern architecture our 
succeeding chapter will be entirely devoted, were very inferior in every respect to the 
Norman churches of France ; and these latter differed materially from those in the neigh- 
bourhood of Paris, and further to the south. The 'Norman churches were larger hi some 
examples ; but they were more rude in design and execution. The abbey churcli of 
St. Stephen, raised at Caen by William the Conqueror, and that founded by hia Queen 
Matilda in the same city in honour of the Holy Trinity, are tlie chief examples of the 
t>eculiar manner of builcUng introduqed by the Norman prelates into England at ti)e end 
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tjf th« nth century; after which, as we shall presently see, a new and extraordinary atylf 
made its appearance in Europe, a style when*of Jig. 151, will, on inspection, sulficiimtly 
give a general notion to the reader. 



^91. Before leaving the subject of this section, we must fall back again upon Italy 
to notice two or three works intimately connected with this period of the art. We 
here more particularly allude to the celebrated baptistry and campanile of Pisa, a city 
which seems to have been a great nursing mother to our art, no less than to those of 
painting and sculpture. The Carnpo Santo of that city, of which, from the number of 
examples to be noticed, we regret we shall be unable to give but a sliort account, belongs 
to the next period, and must be noticed after them. 

292. Dioti Salvi, whose birthplace even is unknown, commenced, in 1 152. the baptistery 
of Pisa 152.), and after eight years completed it It is close to the cathedral of the 

place, and though on the wall of 
the inner gallery there be an in- 
scription, cut in the character of the 
middle ages, “ a.d. 1278, jrdikicata 
F iiiT DR NOVO,” and it may be con- 
sistent with truth that the edi- 
fice was ornamented by John of 
Pisa, there is nothing to invalidate 
the belief that the building stands 
on the foundations originally set 
out, and that for its principal fea- 
tures it is indebted to the architect 
whose name we have mentioned. 
It is 100 ft. in diameter within the 
walls, which are 8 ft. 6 in. thick. 
The covering is a double brick 
dome, the inner one conical, the 
outer hemispherical. The fonner 
is a frustum of a pyramid of 
twelve sides. Its uj)per extremity 
forms a horizontal polygon, finished 
with a small parabolic cupola, 
showing twelve small marble ribs 
on the exterior. The outer vault 
terminates above, at the base of 
the small cupola, which stands like 
a lantern over the aperture. From 
the pavement, the height of the 
cupola is 102 ft. The entrance is 
by a decorated doorway, from the 
sill of which the general pavement 
IM. or Steps rouiid the build- 

ing ; the space between the steps and the wall having been provided for the accommodation 
of the persons assembled to view the ceremony of baptism. An aisle or corridor is con- 
tinued round its interior circumference, being formed by eight granite columns and four piers, 
from which are turned semicircular arches, which support an upper gallery ; and above 
tjie arches are twelve piers, bearing the semicircular arches Wluch support the pyramidal 
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dome. On ibe exterior art: two orders of Corinthian eolmnns engaged in the wat), which 
support semicircular arches. In the upper order the columns are more numerous, inasr 
much as each arch Ixjlow bears two columns above it. Over every two arches of the uj)pef 
order is a sharp pediment, se)>arated by a pinnacle from tlie adjoining ones ; and above the 
pediments a horizontal cornice encircles the building. AI>ove the second story a division 
in the compartments occurs, which embraces three of the lower arches ; the separation 
being effected by piers triangtilar on the plan, crowned by pinnacles. Between tliese piers 
semicircular head^ small windows arc introduce<l, over each of which is a small circulai 
window, and thereover sharp pediments. Above these the convex sur&ce of the dome 
springs up, and is divided by twelve ribs, truncated below the vertex, and ornamented witli 
crockets. Between tliese ribs are a species of donner windows, one between every two ribs, 
ornamented with columns, and surmounted each by thre^^ small pointed pediments. I’lie 
total height is about 179 ft, llie cupola is covered with lead and tiles; the rest of the 
edifice is imurble. 

293. '1‘hc extraordinary campanile, or bell tower, near the cathedral at Pisa, was built 
about 1 174. It is celebrated from tlie. circumstance of its overhanging upwards of thirteen 
feet, a peculiarity observable in many other Italian towers, but in none to so great an extent 
as in this. There can he no doubt whatever that the defect has arisen from liad foundation 
and that the failure exhibited itself long before the building was completed ; l)ecuuse, ou 
one bide, at a certain height, the columns are higher than on the other ; tlms showing an eih 
deavour on the part of the builders to bring back the upper part of the tower to as vertical 
a direction as was practicable, and recover the situation of the centre of gravity. Tlie 
tower is cylindrical, 50 ft. in diameter, and 180 ft. high. It consists of ciglit stories of 
columns, in each of which tliey hear semicircular arches, forming open galleries round tl>e 
story, 'llie roof is flat, and the upper story contains some bells. 'JIic last of the group of 
buildings in Pisa is the Campo Santo, which, from its style and date (127S), is only men- 
tioned here out of its place in order to leave this interesting spot without necessity for further 
recurrence to it. It is the ]iuhUc burying place of the city, and, whetlicr from the remains on 
its walls of the earliest examples of Giotto, and Cimabue, tlie beauty of its proportions, or 
the sculpture tliat remains about, is unparalleled in interest to the artist. It is a cjuadrangle, 
403 ft in length, 1 17 ft, in width, and is surrounded by a corridor 32 ft. in breadth. This 
corridor is roofed, forming a sort of cloister with semicircular-headed windows, which were 
at first simple apertures extending down to the pavement, but they have been subse<|uently 
divided into smaller apertures by columns, which, from tlie springing of the arches, brancli 
out into tracery of elegant design. The interior part of the rjuadrungle is open to the sky. 
Some of the arches above mentioned were completed as late as tire year 1464. 

The style of the transition to pointed art will be noticed in the sect’on on Pointu 
Auciiitectukk at the end of Book I. 


SxcT. XV. 

(a) OMGIK OF TH£ POINTED ARCH. 

294. About the etui ot the 12th and the beginning of the 13th century, a mowt singidai 
and important change took place in the architecture of Europe. I'he flat southern roof, 
wiys Mdller, was superseded by the high pitched northern covering of the ecclesiastical 
edifices, and its introduction brought with it tlie use of the pointed arch, which was sub^ 
biiiuted for the semicircular one; a necessary consec|uence, f«»r the roof and v:.ults being 
thus raised, the character of the whole could not he preserved without changing the entire 
arrangement of the comhinatioii of forms. But we have great doubts on Mdller’s hypo- 
thesis ; it will, indeed, be Itereafter seen we have a different belier on the origin of the pointed 
arch. Before we at all enter upon the edifices of the period, we think it will be better to 
put the reader in possession of the different hypotheses in which various writers have in- 
dulged, relative to the introduction or invention of the pointed arch ; and though wc attach 
very little importance to the discovery, if it could now be clearly established, we are, as our 
work would be incoini>lete without the notice, compelled to submit them for the reader’s 
consideration. 

295. 1. Sotne have derived this style from the holy proves of ike early Celts. — But we can 
see no ground for this hypothesis, for it was only, in the 14th and 15th centuries that ribs 
between the groins (whicli have been compared to the small branches of trees) were intro- 
duced ; hence it is rather difficidt to trace the similarity whicli its supporters contend for. 

296. 2. That the style oriyinated from, huts made with twigs and branches of trees intertwined* 
-—An hypothesis fancifully conceived and exhibited to the world by Sir James Hall, in 
some very interesting plates attached to his work. Mdller properly observes i}]>on this 
tliGory of twigs, that it is only in the buildings of the 15tli and IGtJi centuries that the 
supposed imitation of twigs appears. 
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S97. ft. From f/.e framed construction of ttniber huildiugg, — ITiis is an liypotliesis which 
it would be loss of time to examine, inasmuch as all the forms and details undoubtedly arise 
from the vault and arch; and a close examination of the buildings of the 13th century 
proves that the ancient ecclesiastical style involves the scientific construction of stone 
vaulting, all timber construction being limited to the framing of the roof. 

298. 4. From the imitation of the aspiring lines of the pyramids of Egypi. — I’his hypo- 
thesis is the fancy of Murphy, the ingenious and useful editor of a work on the convent of 
Ratalha, in Portugal, and also of some of the finest edifices of the Moors in Spain. The fol- 
lowing is the reasoning of the author ; — The pyramids of the Egyptians are tombs; the 
dead are buried in churches, and on their towers pyramidal forms are placed ; consequently, 
the pyramids of the towers indicate that there are graves in the churches ; and as the pyra<* 
midal form constitutes the essence of the pointed arch style, and the pyramids of the towers 
nre imitations of the Egyptian ])yramids, the pointed arch is derived from the latter. The 
reader, we are sure, will not require from us any examination of the series of syllogisms 
here enumerated. 

299. 5. From the intersection of semicircular arches which occurs in late instances of the lio^ 
manesque style. — This was the hypothesis of the late Dr. Milner, a Catholic bishop of great 
learning and most amiable bearing, and a person so intimately acquainted with the subject 
on which he wrote, that we regret his reasons for the conjecture are not satisfactory to 
us, albeit the combination (Jiy. 153.) whereof he speaks is, in the Romanesque style, of 

fre(juent occurrence. The venerable prelate seems 
to have lost sight of a principle familiar to every 
artist — that in all art the details of a style are 
subordinate to and dependent on the masses, and 
that the converse never occurs ; how, then, could 
the leading features of a style so universal have 
had their origin in an accidental and unessential 
decoration, like that of the theory in question ? 
None of the above hypotheses are satisfactory ; 
and Mdller well observes, that the solution of the question, whetlier the pointed style be- 
longs to one nation exclusively, is attended with great difficulties. And it may be said 
that the problem for solution is not, who invented the pointed arch, but, in what way its 
prevalence in the 13th century is to be accounted for. 

300. We are not of opinion that it is of much importance that this cexatn qucestlo should be 
settled ; and that it will now satisfactorily be done, we consider very much out of the limits 
of probability. Rut we suppose that the reader will be inclined to ask for our own bias on 
Hie subject ; and, as we are bound to answer such a question, the reply is, that we are of the 
fttith of the Rev. Mr. Whittington, to whose work we have before referred, that the pointed 
ircli was of Eastern extraction, and that it was imported by the first crusaders into the 
West. “ All eastern buildings,” says that ingenious writer, “ as far back as they go (and 
we cannot tel! how far), have pointed arches, and are in the same style; is it not fair to 
suppose that some of these are older than the 12th century, or that the same style existed 
before that time? Is it at all ])robable that the dark ages of the West should have given a 
mode of architecture to the East ?” Lord Aberdeen, whose taste and learning in matters of 
this nature well qualified him for the posthumous introduction to the public of the author 
we are using, observes, in bis preface to Whittington’s work, that, “ if we could discover in 
any one country a gradual alteration of this style [the Romanesque], beginning with 
the form of the arch, and progressively extending to the whole of the ornaments and general 
design ; — after which, if we could trace the new fashion slowly making its way, and by de- 
grees adopted by the other nations of Europe; — the supposition of Mr. Walpole [that it 
arose from what was conceived to be an improvement in the corrupt specimens of Roman 
taste then exhibited, and was afterwards gradually carried to perfection] would be greatly 
confirmed. Nothing, however, of this is the case. We find the Gothic [pointed] style, 
notwithstanding the richness and variety it afterwards assumed, appearing at once with all 
its distinctive marks and features, not among one people, but, very nearly at the same period 
of time, received and practised throughout Christendom. How will it be possible to account 
for this general and contemporary adoption of the style, but by a supposition that the taste 
and knowledge of all on this subject were drawn from a common source? and where can we 
look for this source but to the East, which, during the crusades, attracted a portion of the 
population, and, in a great degree, occupied the attention, of the different states of Europe ’ ” 
nds was an opinion of Sir ChrUtopher Wren, at least greatly so, his leaning being rather 
to dechioing the origin of the style from the Moors in Spain. It is the fashion of modern 
half-educated critics to place little reliance on such authorities as Wren. We have, from ex- 
perience, learned to venerate them. The noble author whom we have been quoting proceeds 
by stating that « the result receives confirmation from the circumstance of there being no 

Gothic [pointed] architecture erected in the West before the period in quet* 
tipH. Exception, however, is to be made for the rare occurrence of a very few examples, 
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<rhose construction inay perhaps be placed higher than the 1 2th century, abH the rause of whiiill 
existence may be satishictorily explained. ** It may be sufficient here to observe. Chat no 
people versed in the science of architecture could long remain ignorant of the pointed form 
of the arch, the most simple and easy in construction, as it might be raised without a centre' 
by the gradual projection of stones placed in horizontal courses ; and, whether producefi by 
Occident or necessity, we may reasonably expect to meet with it occasionally in their worlcs.** 

It is certain that, though neglected in their general practice, the ancients were acquainted 
with this mode of building * and the occurrence of an arch merely pointed and unaccom- 
panied with any other characteristic of the style, is no better evidence of the prevalence ol 
Gothic (pointed) architecture, than that the appearance of Corinthian capitakin Itomanesque 
buildings must give them the right to be called classical edifices. It is not easy to answer 
the question, — In what part of the East are we able to point to buildings constructed in 
the pointed style, of a date anterior to those erected in the West? A little reflection, 
however, will solve the difficulty; and here we must again trespass on the author we have 
so copiously used, though our limits will not allow us to follow him in his own words. It 
is manifest that the frequent wars and revolutions of the East entailed the same fate on 
works of art and utility as attended the princes and chiefs of the states subverted. I'hus 
the number of architectural examples, and especially those of early date, was greatly di- 
minished. Again, the people of the East with wlNMn we arc best acquainted, in a great 
measure sacrificed their less durable mode of building to that which they found established 
by the Greeks. Thus, the church of Santa Sophia was a model, after the conquest of Con- 
stantinopie, for all the mnsques that were erected, with the addition occasionally of minarets 
more or less lofty, as the piety and magnificence of the sultans might dictate. Previously 
to the conquest of the metropolis of the East, such a practice was prevalent, and in the 
cities of the empire many Christian edifices were adapted to the purposes of Mohammedan 
worship. Yet, notwithstanding these causes, which form an impediment to full information 
on the state of the early architecture of the East, there is an abundance of facts to give 
probability to our notion, except in the eyes of those who view the subject through the 
medium of prejudice and established system ; at least so we opine. 

.301. “ If a line,” says our author, “ be drawn from the north of the Euxine, through 
Constantinople to Egypt, we shall discover in every country to the eastward of this boun- 
dary frequent examples of the pointed arch, accompanied with the slender proportions of 
Gothic [pointed] architecture; in Asia Minor, Syria, Arabia, Persia; from the neigh- 
bourhood of tlie Caspian, through the wilds of Tartary ; in the various kingdoms, and 
throughout the whole extent of India, and even to the furthest limits of China. It is true 
that we are unable, for the most part, to ascertain the precise date of these buildings ; but 
tliis in reality is not very important, it being sufficient to stole the fact of their comparative 
antiquity, which, joined to the vast diffusion of the style, appears adequate to justify our 
conclusion. Seeing, then, the universal prevalence of this mode in the East, which is satis- 
factorily accounted for by the extensive revolutions and conquests effected by Eastern 
warriors in that part of the world, it can scarcely appear requisite to discuss the probability 
of its having lieen introduced from the West, or, still less, furtlier to refute the notions of 
those wlio refer the origin of the style [as some have very ignorantly done] to the in- 
vention of English artists. Had it been adopted from the practice of the West, such a 
peculiarity of taste and knowledge must have been imparted by some general communi- 
cation : this has only occurred at one period, during which no building of the species in 
question existed in Europe. Tlie inhabitants of the West could not convey a knowledge 
which they did not possess ; but, as it became pretty general amongst them shortly after 
the epoch alluded to, it is reasonable to infer that they acquired it from those nations they 
are said to have instructed. On the whole, it is probable that the origin of the Gothic 
style, notwithstanding the occasional imitation of a corrupt and degraded species of Komaii 
architecture, is sufficiently indicated by the lofty and slender proportions, by the minute 
parts, and the fantastic ornaments of Oriental taste.” 

302. Mbller, a writer for whose ojiinions we entertain the highest respect, is not, 
however, of opinion that the pointed arch originated with the Arabs ; and he observes that 
a scrutiny of their buildings will exhibit nothing that bears upon the Gothic, or pointed, 
style. He says that their arches are in the shape of a horseshoe ; that tlie columns are 
low, that they stand single, and are not connected in groups ; that the wiiidows are small, 
the rooft flat, and that the prevalent general forms are horizontal : thitt, in the ancient 
churches of the 13th centurv, the arches are pointed, the pillars high and composed of several 
columns, windows large, and roofs and gables high. But at the end of hk argument he admits 
that the solution of the question, ** which of the European nations first introduced or im- 
proved the pointed style is not so easy, for we And this style of building almost con- 
temporary in all parts of Europe.” Now, though we are not about to use the argument 
which is not always valid, post hoc erpo propter Aoc, we must observe, that the introduction of 
pointed arch immediately after the first Crusade, and not before, is a most singular 
ooourrcnce ; and we are inclined to give it the same force as that used by old Bishop 
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on tho subject of tlie Goodurin Ssnds and Tenterden steeple. One of the poiiiti 
of MolIer*s recsoning we do not think at all fortunate ; it is that on the forms of the 
Moresque arches. Now, it must immediately occur to the reader that one of the forms (as 
at the side), and that a common one, is to be found in their arches, that of contrary 
f ) flexure ; a form in the architecture of this country in the time of the Tudors uniyer* 

1 r gaily adopted, though, it must be allowed, much flattened in the application. 
Another point seems to have been altogether overlooked by MoUer, namely, the practice of 
diaptrlng tlie walls, whereof an iti<itance occurs in Westminster Abbey ; and one which has 
% very strong affinity to the practice of the Moors, who left no space unornamented. The 
liigher-pitched gables of the northern roofs, we admit, fostered the discovery, by the intro- 
duction of forms from necessity, which were admirably calculated to carry out to their ex- 
treme limits the principles of which the Crusaders had acquired some notion for practice on 
their return to their respective countries. As to the objection that the Arabs had no original 
architecture, it is admitted. They must, however, have had that of the tent, whose form in- 
verted would give all that is sought. These observations we do not throw out as partisans ; 
the hypothesis adopted by us is sanctioned, in addition to the learned author upon whom 
we have drawn so much, by Warburton, and T. Warton, and Sir Christopher Wren; anti 
though none of th^'se had the opportunity of basing their opinions upon the labours of the 
recent travellers whom we have been able to use, we do not think, upon this mooted ques- 
tion, either of them would be reduced to the necessity of retracting what he has respectively 
written. 

303. In glancing over the many writers on the subject, it is amusing to see the difference 
pf opinion that exists. For instance, twenty are of opinion that it originated in Germany; 
fourteen, that it was of Eastern or Saracenic origin; six, that it arose from the hint sug- 
gested by the intersection of the Norman arches ; four, that it was the invention of tlie 
Goths and Lombards; and three, that its origin was in Italy. Sprung, however, from 
whatever place, it appears to have given in every sense an independence to the art not before 
belonging to it, and to have introduced principles of far greater freedom, in respect of the 
ratio of points of support to the whole mass, than were previously exhibited or probably 
known. Those who may feel desirous of consulting these views in detail, will find notices 
of sixty-six theories in the fifth volume of Britton’s ArchiUcttiral Antiquities. Only two of 
these theories attempt to account for the introduction of the pointed arch on the ground of 
usefulness; one was put forward by Dr. Whewell as regarded vaulting; the other by Dr. 
Young and Mr. Weir, who urged that the use of the pointed arch was originally due to a 
discovery of its diminishing lateral pressure. Mr. Sharpe has advocated the same view, 
'i'hese theories will also be found in Ramee, Manuel de VHistoire Gen^rale de V Architecturet 
1843, ii„ ‘J38, 248. 

303a. Michelet de France} observes, “Or, lors de I’apparition de Togive en Occi- 

dent vers 1200, Innocent III est le dernier rayon de cette pui.-^sance universellc, le pouvoir 
de I’Eglise CathoHque s’aH'aiblit. La tentative des ordres des meiidiants, des peres precheurs 
est infructiieuse. Le pouvoir des pretres tombe dans la main des luiques. La puissance 
du droit canoniqiie, de ce robuste auxiliaire de I’Eglise, s’efface en France devant ces lois 
sages faites par le pieux Roi St. Louis, et ses etablissemcnts immortels servent de code 
nouveau a ses sujets. En Angleterre le Roi Jean-sans-terre donne, en 1215,1a grande 
Charte. En Allemagne, au comniencement du treizieme siecle, parait le Sachsenspiegel. 
Au milieu du quatoizieme, ou le regne de I’ogive est a son apogee, I’Empereur Charles IV 
donne la Bulle d or. Au treizieme siecle se terminent les Croisades qui mirent le Pape au 
dessus des pouvoirs temporels. Ces guerres saintes avaient fait prevaloir Tautorite dc 
i’Eveque de Rome. Mais au treizidme siecle I’activite des pcuples clir<^tiens avait prit une 
autre direction, et ils 6nirent par secouer toute espece de domination.” It is impossible, in 
naming the pontificate of Innocent III., to refrain from noticing that it was an epoch’ in 
which such men appeared on the scene as St. Thomas Aquinas, St. Dominic, St. Francis of 
Assisi, John Gerson, author of the “Imitation of Jesus Christ,” a composition that has 
been oftener printed than any other work; and in literature and the arts, about the same 
period, are to be found the names of Dante, Robert de Lusarches, Etienne de Bonneveil 
Pierre de Montereau, Lapo or Jacopo, besides a host of others. * 

304. The foregoing remarks comprise a resume of tlie early views on this subject 
but we must not omit to mention those held by the learned writer, Mr. James Ferirusson! 
who observes that Dr. Whewell, in his Notee on German Churches, has very distinctly stated 
the question of such inquiries “ These only tend to show how the form itself as an arch 
may have been suggested, not bow the use of it must have become universal ” f see alio 
Fergusson then (Builder Journal, 1849, p. 290, 303, 317), treating the history of the oointed 
ifch succinctly by certain facta, brings forward four sets of pointed arches I the Mcient 
buildings extending down to the period of the Roman empire; II., the decline of the 
Roman influence, extending to the present day, in the countries of the East to which thcM 
two otiwes of arches are confined ; II I., the arch appearing in the south of France alone 
the age of CharlemagiiB, extending to the lltb century, when it was superseded by the 
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round arcli atyh ; And I V , the true Gothic pointed arch* prevailing almoit univenally over 
the whole of Europe till the time of the lieformation, in the 1 6th century. In the East, 
** arches still are more frequently constructed by placing the stones horisontally than in a ra- 
diating position.** The history of the subject will never be correctly understood till we take 

both kinds into account* for the second 
almost certainly arose out of the first, llie 
first example put forth by him is from the 
third pyramid at Gizeh, in the roof of tlw 
sepulchral chamber I'Si^)* consisting 
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only of two stones, showing how early the curvilinear form, with a point in the centre, was 
used, and consequently how familiar it must have been to the architects of all ages. 
Another early form is here given from the tomb called “ CampbelTs Tomb,”yify. 15.5. The 
pyramids at Merde, in Ethiopia, dating about U)00 to 805 years b c., at all events being 
of a period anterior to the age of the Greek and Roman influence, were discovered by 
Mr. Hoskins. Here, stone arches show both circular and pointed forms (^y. 156); and 
Mr. Layard discovered, at Nimroud, drains with pointed vaults of the same age as tliose 
at Meroe. A tumulus near Smyrna, in Asia Minor, presents an example almost a counter- 
part of that from the third pyramid ; a gateway, near Missolonghi, is formed by the courses 
of masonry projecting beyond one another till they meet in the centre. Other examples art 
seen in the tomb of the Atridae at Mycen® 14 and 16, tomb called treasury of Atreus). 
in a city gateway at Arpino, in Italy ; in an aqueduct at 
Tusculum; and in a gateway at Assos, in Asia Mi- -i 

nor (^/fy 157). Tliis is known from the chaiactcr of its r; 
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masonry and other circumstances to belong to the best period of Greek art, in fact to !)• 
coeval, or nearly so, with the Parthenon. These examples explain all the peculiarities of 
this mode of construction. * 

305. With tlie appearance of Rome, this form entirely disappears from the countries to 
which her influence extended, and is supplanted so completely by the circular radiating 
form, that not a single instance is probably known of a pointed arch of any form or mode 
of construction during the period of the Roman supremacy. The moment, however, that 
her power declined, the pointed form reappears in Asia, its native seat ; and we recur to 
the very few that remain in Syria and Western Asia for examples llie first of these are 
in the church of the Holy Sepulchre at Jerusalem, built by Constantine the Great, 
and now known as the Mosque of Omar. Its arches are throughout pointed, but so 
timidly as to be scarcely observable at first sight. Fergusson also states the reasons for 
hit inability to give other specimens ; and desciibes the cathedr.d of Ani, in Armenia, (see 
also Donaldson, in the CivU Enginttr^ ^c. Journal^ 1843, p. 183) which is built with pointed 
arches throughout and contains an inscription proving that it was finished in the year 1010: 
he quotes M. Texler'8a8sertion(/>esfr. VArmenh^foi. 1 842) that *‘it results that, at a time 
^hen the pointed arch was altogether unknown, and never had been used, in Europe, 
buildings were being constructed in the pointed arch style in the centre of Armenia.** At 
Diarbekr, Mr. Fergusson continues, “there is an extremely remarkable building, now con- 
verted into a mosque ; tiie Armenians call it, with much plausibility, the palace of Tigrancs; 
tlKi friezes and cornices are executed according to the principles of Roman art of the 4th 
century, nevertheless the pointed arch is found everywhe^ mixed with the ar hitecturc, as 
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« building of the 6th'century, is remarkable for the gigantic pfort^I which has not a pointed 
but an elliptical arch. Tlie pointed arch, however, was employed in Mesopotamia long 
before it was known in Europe. , 

306. In the Roman empire, the aqueducts that supplied Constantinople with water, which 
•verc commenced under Constantine immediately after the founding of tlie city, hut com- 
pleted under Valens, a.d 364 and 378, exhibit pointed arches, generally in the lowest 
story, and alwajs in the oldest part, as near Pyrgos — “ I would have no hesitation,” he says. 
** in asserting the general use of tlie pointed arch by the Mahomedans from the earliest years 
of their existence to the present hour. The Arabs, it must be recollected, when they led 
their deserts to subdue the world, were warriors and not architects ; they consequently em- 
ployed the natives of the conquered countries to erect their mosques ; yet, with scarcely 4 
single exception, all tlieir edifices are built with pointed arches. They are used in the oldest 
part of the mosque of Amrou, at Old Cairo ; this portion was built in the twenty-first year 
of the Hegira, a.d. 643. Except the two mosques of Amrou, in Egypt, I do not know of 
any erections of the Saracens anterior to the end of the 7th century. The pointed arch is 
used throughout the mosque erected by the Calif Walid at Jerusalem, in the year 87, or 
about A n. 705. The great mosque at Damascus is of the same age ; and from that 
period to the present time there is no difficulty. In Sicily, too, which the Saracens occupied 
for two centuries preceding 1037, they used the pointed arch in all the monuments they 
have left there. In Spain, however, although pointed arches occur in the baths at Gerona, 
at Barcelona, and other places in the north, whose date is tolerably well ascertained to be of 
the 9th or 10th centuries, as a general rule the Moors used the round or horseshoe arch 
(see^g. 85), almost universally in their erections in that country. One other example 
that should he noted, occurs at the celebrated mosque of Kootuh, at Delhi. When the 
Pathans conquered India, in the beginning of the 13th century, they brought with them 
their own style of architecture. This building, carried out by the Hindoos, was com- 
menced about the year 1230, and completed in about ten years. Tlie principal arch, 22 feet 
span and about 40 feet high, though of the pure equilateral Gothic form, is erected with 
horizontal coumes to nearly the summit, when courses of stone are placed on their ends, as 
done in the aqueduct at Tusculum, before mentioned. 

307. “With the Western styles, the first seiies to be noticed is that found in the south 
of France, comprised to the south of the Loire and the north of the Garonne, extending 
from the Gulf of Nice to the shores of the Bay of Biscay ; being, in date, from about the 


age of Charlemagne till the middle or end of the 11th century, when it was superseded by 
the round arch styles. This assertion may startle some readers, but it would long ago 
have been received as well established facts, had it not been for the preconceived opinion 
that no pointed aich existed in Europe anterior to the 12th century. One of the best 
known examples is that of the cathedral at Avignon, where the porch and general details 
of the church are so nearly classical, that they are usually ascribed to the age of Charlemagne, 

and CNen earlier. At Vaison are two well- 
known churches, so classical also, that they 
are often called Roman temples; both are 
roofed with wagon vaults of a pointed 
I form, and must certainly date before the 

I middle of the 12th century, when Vaison 

was destroyed and deserted ; they at e pro- 
bably of the 9th or 10th centuries. The 
same remark applies to the churches at Per- 
nes, Souillac (j^y. 158), Moissac, Carcassone, 
and many other cliurches of that age, all of 
which are covered with pointed vaults, but 
of a form extremely different from the true 
Gothic vaults of the 13th and 16th cen- 
turies.” The chapel in the Ciistle of Loches 
in Lorraine is given by Mr. Fergussori in 
his Handbook, as explaining most of the 
peculiarities of the style. The original 
building was founded by the Count of 
Anjou in the year 962, and the western 
tower certainly belongs to him. The nave 
is either a part of the original edifice, or 
was erected by his son, Foulques Nerra, 
between 992 and 1040. The supposition 
that it belongs to the latter receives con- 
Fig. 1&S. cuuttCH AT BOUIW.AC. firmatioH ftom its singularly Eastern aspect 

and the fact that this Count three times visited the Holy Land, and died there in the year 
above quoted. The churches of Moissac, Souillac, and St. Frond at Perigueux, with 
several others, are stUl more eastern in their appearance. This latter building, of which 
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give a plan 1S9), was commenced in the year 984, and was completed in 1047* 

on the type of, if not copied from, the 
cathedral of St. Mark, at Venice. A 
section is given in 160, exhibiting 
the use of the pointed arches in con> 
struction only. The choir at Loches 
was erected between the years 1140 
and 1180, and is in the late and elegant 
Norman style universal in that country, 
just anterior to the introduction of the 
true pointed style, which was timidly 
effected in the nortk of France about 
the year 1 150, being mixed with round 
arches in all the great cathedrals and 
churches erected between 1150 and 
1200, at which date the style may be 
said to have been perfected in all its 
essential peculiarities 

S07a. “ In England it was in e\ery 
respect above twenty- five years late* 
The first really authentic example ot 
Its use is in Canterbury Cathedral after 
the fire in 1 175, and was apparently in- 
troduced by William of Sens; nearly 
half a century passed before it can be 
said to have entirely superseded the 
Norman arch. In Germany, the intro- 
duction was somewhat later, and we 
know of no authentic specimen of pure 
Gothic anterior to the commencement 
of the nth century, and even then 
nearly half a century elapsed before it 
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entiiely superseded the round arch style. During the whole of the hrst half of that century, 
we find round arches mixed up with the pointed ones which were then coming into fashion.** 
0076. These views were combated by Mr. E. Sharpe, as noticed in the JSutldei, p. 317, 
es[K'cially as to the first named works being considered as arches at all ; and a question 

arose at the Institute of 
British Architects, as to 
the age of the French 
buildings named; Tians- 
actioHs, 1860^1, p. 
211, &c., and 1T5. Mr. 
Street, in his Brick 
Architecture in Italy, 
states, (p. 258) rhat — 
“The Italians ignored, 
as much as possible, the 
clear exhibition of the 
pointed arch, and, even 
when they did use it, 
not imfrequently intro- 
duced it in such a way 
as to show their con- 
tempt for it as a feature of construction ; employing it often only for ornament, and never 
hesitating to construct it in so faulty a manner, that it required to be held together with iron 
rods from the very first day of its erection. This fault they found it absolutely necessai^ to 
commit, because they scarcely ever lirought themselves to allow theuse of the buttress.** 
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(6) MEDIJBVAL AUTIFICERS. 

308. In considering the question of the origin of pointed architecture, those who have 
hitherto been supposed to have devised the pointed arch itself must not be neglected; and 
to these persons we are Indebted for the gigantic masses ofexquisitely decorated composition, 
to be seen in the structures which they designed and erected. These men are imagined to 
have belonged to a corporation or guild having authority over all countiies, or to a guild 
m each country, having authority only in its own nation. This ao-called confraternity has 
been known as the Freemasons. In the fbllCwing account of them we shall much abridge 
the two papers read before the Royal Institute of British Architects^ and given in 
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tlie Trwuartum* of that society, 1860 and 1861. Before doing so, however, it will be 
necessary to introduce a few preliminary remarks on the state of architecture previous to 
the period when the so-called body of Freemasons is said to have arisen. 

S09. ITie pontificate, towards the end of the 10th century, of a Benedictine monk, named 
Gerbert, afterwards known under the name of Sylvester II., and whose life, if Platina 
{Lives of the Ponies) may be relied an, was not of the most virtuous character, seems to 
have induced an extraordinary change in the arts. Gerbert was a native of Auvergne, and, 
under Arabian masters at Cordova and Granada, applied himself to, and became a great 
proficient in, mathematical learning. He afterwaids appears to have settled at liheims, 
and to have there planted a school which threw out many ramifications. The scholars of 
tlie period were confined to the clergy, and the sciences, having no tendency to injure the 
Church, were zealously cultivated by its members. 

309a. In the 11th century, architecture, considered as an art, was little more than a bar- 
barous imitation of that of ancient Home, and in it, all that appears tasteful was, perhaps, 
more attriliutable to the symmetry flowing from an acquaintance with geometry, than the 
result of fine feeling in those that exercised it. It was adapted to religions monuments, 
with great modifications ; but the materials and resources at hand, no less than the taste 
of those engaged in it, had considerable influence on the developments it was doomed to 
undergo. The sculptures of the period were borrowed largely from the ancients, and 
among them are often to be found centaurs and other fabulous animals of antiquity. 

3096. In the l^th century, the Elements of Euclid became a text book, and though this 
country was then behind the Continent, as respected the art of architecture, there is good 
reason for believing it was by no means so in regard to proficiency in mathematics, inas- 
much as the Benedictine monk, Adelard of Bath, is known to have been highly distinguished 
for his acquirements in them. 

310. The crusades had made the people of Europe acquainted with the East, and in tlie 
llith century the result of the knowledge thus acquired was manifest in France, England, 
and Germany ; it could, however, scarcely be expected that the art would emerge otherwise 
than slowly under the hands of the churchmen, who were the prinL'i))nl practitioners, as it 
is generally supposed; hut there were undoubtedly professional men, as they may be called, 
in the 12th century, who undertook the management of work, as we shall notice presently; 
and it is w’ell authenticated (De Beka, Episcopis Ultrajeef.) that, in 1099, a certain 
Bishop of Utrecht was killed by the father of a young freemason, from whom the prelate 
had extracted the mystery (arcanum magisterium) of laying the foundations of a church. 
The period at wliicli arose the celebrated Confrateruite des pouts, founded hy St. Benezet, 
is known to liave been towards the latter end of the 12th oi- the beginning of the 1 Uh 
century. The association of Freemasons had, however, its types at a period extremely remote. 
Among the Romans, and still earlier, among even the Greeks, existed corporations (if they 
may lie so called ) of artificers and others ; such were Numa’s Collegia Fahrorum and Cof- 
legia Artificum, who made regulations for their own governance. These collegia were much 
in favour with the later Roman emperors, for in the third and fourth centuries we find that 
architectU, painters, and sculptors, and many of the useful artificers, weie Iree from taxation. 
The downfall, however, of the eastern and western empires, involved tliem in one common 
ruin, though it did not actually extinguish them. 

311. The idea of the early establishment of a superintending body of co-workers siicli as 
the Freemasons are said to have been, appears to have originated in the assumption, that 
as the monuments of the l.Sth century bear so great a resemblance to each other, no 
othet probable cause could l>e assigned for their similarity, than the influence of some 
powerful association of operators. Allowance, however, must, in many cases, be made for 
the materials at hand in ^^erent lY>palitie8, which, it is hardly necessary to observe, in- 
fluence style in architecture most perceptibly. Another point loo often forgotten in this 
inquiry, is the gradual progression of the art, and the long transitional periods between 
each phase of pointed architecture. . Some writers on the Freemasons have imagined 
that the concealment of their modes of arranging arch stones was the chief object of 
their association, and tliere can be no doubt that the whole science of construction was 
studied and taught in the lodges. Others have tl ought that they inclined to Municheism, 
of which the sects were numberless ♦. hut we think they had enough to engage their 
attention, without discussing whether all things were effected by the combination or 
repulsion of the good and the bad ; or that men had a double soul, good and evil ; or that 
their bodies were fonned, the upper half by God, and the lower half by the devil. Some 
have considered that though the Freemasons, as a body, were not hostile to the Church, they 
were inveterate enemies of the clergy and more particularly of the monks. This may' be 
abundantly, seen in the ridicule and grotesque lampoons bestowed on them in the sculptures 
of the 13th century. As an instance of the extreme length to which the ridicule of 
the priests was then carried, there is at Strasburg the representation of an ass saying mass 
and served by other animals as acolytes : and this work must have been done under the 
eyes of the monks themselves I 
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- 312, The rertiarks by the present editor, On the Superintendents 6f EngVisfi Buildings in 
the Middle Ages contains the first classified account of the official situations of persons 
engaged, with some general’ idea of their duties. This list includes the terms: — 
Architect ; 2, Ingeniator ; 3, Supervisor ; 4, Surveyor ; 5, Overseer j 6?, Master of tlie 
Works i 7, Keeper of the Works; 8, Keeper of the Fabric; 9, Director; 10, Clerk of the 
Works ; 1 1, Devizor ; 12, Master mason ; and 13. Freemason and mason, or inferior work- 
man. It will be impossible here to give more than a brief outline. To commence with 
the freemasons; — In 1077, Robertus, cementariust was employed at St. Albans, and fot 
his skill and labour, in whicli he is stated to have excelled all the masons of his time, he 
had granted to him and his heirs, certain lands and a house in the town. In 1113, Arnold 
\ lay brother of Croyland Abbey, is designated “of the art of masonry a most scientific 
master.*' William of Sens, employed at Canterbury, was a layman and was called “ magis- 
ter” ; the history of his work has been preserxed to us in tlie well written account by the 
monk Gervase, who details the burning and rebuilding of that cathedral. A number of 
chosen cementarii were assembled at St Albans in 12D0, of whom tlie cliief, magister Hugo 
de Goldclif, proved to be a “ deceitful but clever workman. ** Very many other names of 
masons are noticed, but these cannot all be here given. In 1217, a writer uses the synt»- 
nyms maszun for cementarins ; artijicer is a word also used in the same century ; marmoiariun, 
or marbler ; and latomus or lathomus^ stone-cutter, also occur. In 1.360, a ir ason de frauuche 
ftere ou de grosse pere is named in the Statutes; while it is not until 1396 that the terras' 

lathomos vocatos ffremaceons,” and “ lathomds vocatos ligiers,” are used to designate the 
masons who were called frec( stone )masons, and the masons called layers or setters. In the 
fabric rolls of Exeter cathedral, the term simentariua is used before, and the term fremason 
after, the above-named period of 1396. Thus the derivation of the term freemason, from a 
freestone worker, appears more probable than tlie many fanciful origins of it so often quoted. 
What becomes then of the “travelling bodies of freemasons’* who are said to have erected all 
the great buildings of Europe ? Did they ever exist? The earliest mention of them appears 
to have been promulgated liy Aubrey, some lime before 1686, who cited Sir William Dug- 
dale as baxing told him “many years since, that about Henry Ill’s time (1216-72), 
the Pope gave a bull or patents to a company of Italian freemasons to travel up and down 
over all Europe to build churches. From them are derived the frat^»rnity of Adopted 
Masons.” No evidence has been adduced in support of this statement; searches hAve been 
made in the Vatican library without success. Wren’s Parentalia gives an account of these 
personages to the same purport, though somewhat enlarged, {par, 401), and this has been 
quoted as an authority. From a careful comparison of circumstances, Dugdale’s in- 
formation to Aubrey most probably referred to the “ Letters of Indulgence ”of Pope Nicho- 
las III., in 1278, and to others by his successors as late as the Hth century, granted to the 
lodge of masons working at Strasburg cathedral, as also noticed on page 131 herein. 

31.3. Concerning the Fratres Pontisy or tlie Confraternite des ponts^ already referred to, 
{par. 310), much has been xvritten during the last one hundred years asserting that this 
brotherhood had been founded for the express purpose of travelling far and wide to build 
bridges. Even as regards France, only a notice is found of such a troop having been 
formed by St. lienezet, for building the bridge at Avignon, and that of St. Esprit, 
over the Rhone, during the I2th and Hth centuries, (1 178 1188 and 1265-1.309). In 
England no such companies are found recorded ; but wherever a bridge was built, a chapel 
appears to have been founded, to wbicb a priest was attached to pray for the soul of the 
founder, to receive passage money, and sometimes to pray with the passenger for the safe 
termination of his journey. Two instances only, of an early date, have been put forward 
of so called fraternities of masons ; the first is tliat Godfrey de Lucy, bi.shop of Winchester, 
formed in 1202, a confraternity for repairing his church during the Hve years ensuing. 

“ Sucli,” says Milner, “ was probably the origin of the Society of Freemasons.” The 
second, as asserted by Anderson, {Constitutions of the Free and Accepted Maeons^ 1738), but 
not since authenticated, is that the register of William Molart or Molash, prior of Can- 
terbury cathedral, records that a respectable lodge of freemasons was held in that city in 
1429, under the patronage of Henry Chichele, the archbishop, at which were present' 
Thomas Stapylton, master, the warden, fifteen fellowcrafts, and three entered apprentices. 
It does not then appear to have been known that eacli cathedral establishment possessed a 
permanent staff of officers, with certain workpeople, and “ took on *’ additional hands when- 
ever the edifice was t6 receive additions, or to be rebuilt. The monarch also had an office 
for carrying out the repairs and rebuildings at the palaces and royal houses. A guild of 
masons was undoubtedly in existence in London, in 1375, 49th Edward III , and in 1376 
two companies of masons and of freemasons were in existence. The .Masons* Company of 
London was incorporated in 1411, and Stow says “they were formerly called freemasons.” 
The masons, during the 17th and I8tli centuries, often became designers or architects, 
as witness Nicholas Stone, George Dance the elder, Sir Robert Taylor, and others. 

314. At this date of 1375, some writers have placed the origin of that wonderful society, 
caused, as they urge, by the masons combining and agreeing on certain signs and tokens by 
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ivhicb they might know one another; engaging to assist each other against the th^n common 
custom of impressment by the monarch ; and further, not to work unless five and on their 
own terms, especially as the monarch would not pay them as highly as did his subjects. All 
tins appears probable, but there is no sufficient authority for it. The workpeople had at 
dines, as at Stratford-on-Avon, in 1353, special protection until the edifice was completed. 

315. But previous to 1375, the date above mentioned, the Statutes at Large afford much 
valuable information, hitherto unquoted, on the subject of the manners and customs of 
workpeople. In 1349, the Statute 23rd Edward III. relates that “great part of the 
people and especially of workmen and servants late died of the pestilence, whereby many 
demand excessive wages and will not work the hours of labour were settled at the same 
time, because “diverse artificers and labourers, retained to work and serve, waste much part 
of the day (the manner of doing so is described) and deserve not their wages.” Their 
wages were settled in the year following; while in 1360-1, a Statute declares that “carpenters 
and masons and all other labourers shall take from henceforth wages by the day and not by 
the week, nor in any other manner,” and continues “ that all alliances and co%ines of masons 
and carpenters, and congregations, chapters, ordinances and oaths, betwixt them made or to 
be made, shall he from henceforth \oidand wholly annulled,”— with other details. This im- 
portant Act was enforced by many others, and by the well-known Statute of Srd Henry VI , 
1425, passed at the “special request of the Commons,” again putting down all chapters and 
congregations held by masons. In 1436-7, 15th Henry VI., the “ masters, wardens, and 
people of the guilds, fraternities, and other companies incorporate, dwelling in divers parts 
of the realm,” were warned not to “ make among themselves unlawful and unreasonable 
ordinances, for their singular profit and common damage to the people” — their letters 
patent were to be brought to the justices and others for their approval. Many later 
Statutes were passed ; but they were all at length superseded by the well known Statute of 
5th Elizabeth, 1562.3, which continued in force until so late as 1813, when such portion 
was repealed as forbade exercise of trades by persons not having served, and as regulated 
the mode of binding apprentices &c., but at the same time the customs and privileges of 
cities and boroughs were saved. It is certain, from all these observations, that there were 
fellowships or guilds of masons existing befoie the middle of the 14th century; but 
whether the one in London had any communication with those guilds existing in the other 
corporate towns, or whether there was a supreme guild which led to a systematic woiking, 
is still without elucidation. It has been asserted for years, on the faith of certain manu- 
script “ Constitutions,” that a company of Freemasons, formerly existing at York, held a 
charter of incorporation from King Athelstan, dated in 926, under which they claimed 
authority over the companies throughout Eng'and. As noticed hereafter (par. 322a), it is 
distinctly proved that the Grand Lodge of Masons of Germany was not established until 
so late as 1 452. 

316. These guilds or companies had legendary histories, as had probably most of the 
other building trades. That which belonged to the stonemasons was accepted by the Society 
of Free and Accepted Masons, when it was established or reestablished in 1722 ; this last has 
descended as a highly respected charitable and friendly society to the present day. Of such 
histories or “ constitutions,” besides at least six in manuscript, dating about 1 646-60, there 
are two others in the British Museum. The earliest one is presumed to date about the 
latter part of the 14 th century, and has the form of a poem in about 575 lines, entitled Con- 
utitvtions of Geometry-, it was first noticed by Mr. Halliwell, and edited by him in 1840. 
The other manuscript, dating about 1500, has been printed nearly in facsimile by Mr. 
M. ('ooke. They were all undoubtedly compiled for the use of a body of working 
masons; they refer to yearly assemblies, to a lodge as a workshop, taking apprentices, 
workmanship, moral conduct, punishment of offenders, and observance of their “ articles 
and points,” or bye-I^ws as they may be termed. No references are made to secret signs or 
to masonic marks ; as regards the latter, a few remarks will be offered subsequently. 

317. The masons when about to set to work, had a fodpe ‘or workshop provided for them, 
and sometimes had to make it for themselves ; this shed or building also served them oc- 
casionally as a lesidence, or place for eating their meals, as often occurs at the present day. 
'i'his lodge is noted in an early account as being covered with thatch, while in a much 
later one it is to be “properly tiled,” an expression still in use by the modern society, when 
the door of their place of meeting is closed. This lodge is adverted to in the manuscripts 
above mentioned, as also in the Fabric Rolls of York Minster, published in Browne’s History 
if York Cathedr^ 1838-47, and separately by the Surtees Society, in 1859. These record 
elucidate many interesting points connected with works and workpeople ; and causes us to 
regret that the example set in printing them has not yet led other Deans and Chapters to do 
the like, or to allow them to be published. They show that there was a continuous line of 
master masons from 1347, the date of the earliest document, who were duly sworn to the 
office, had a fixed salary, a residence, and if becoming blind (which appeals to have been, 
and n still, very often a result of employment in masonry), or compelled by bodily infirmity 
to give up the direction of the works, he was pensioned, and spmetipies he was bound not 
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to undertake duties elsewhere while engaged at the cathedral. Tlio master maton was 
'often succeeded by his junior or assistant ; in one instance a Hght took place in conae- 
■quenoe of a master mason, who was a stranger to the place, having been appointed to the 
office. Gowns or robes, the latter sometimes lined with fur, were provided for the master, 
and tunics for his men, as well as gloves (at l^d. each) to the masons and carpenters ; also 
aprons and clogs, and occasional potations and remuneration fo** extra work. This officer in 
the king*s household had a livery, as probably had the carpenter and other officers. 

! 3Z8. It is necessary to mention that the trades, from a very early period, appear to have 

Itept themselves to their distinct handicrafts *, thus, while the monasteries had masons and 
carpenters, and a plumber and his boy, at hand, yet the glazier, bell-founder, painter or 
♦decorator, smith, and some others, were residents in the town or some adjoining city. Only 
'in a few of the monasteries were the monks able to perform some of these duties them- 
tclves. In Italy, however, talented youths were received and educated at such establish- 
ments, and became lay brethren, as mucli for their own safety as out of gratitude to their 
masters ; the devotion of their time and talents in ornamenting the saertd edifices, has led 
persons to urge that ecclesiastical buildings were designed, erected, and decorated, by clerical 
hands. 

319. We will now proceed to notice very succinctly the other official titles. As far as 
the design of the building was concerned, that labour appears to have been left to the 
master mason, whatever interest the monatch, the bishop, the abbot, or the prior, may have 
displayed in giving instructions as to their wishes; no doubt clever men then, as now, in- 
terfered with tlieir architects and induced them to follow special orders, whether correct in 
taste or otherwise. 1 he term “ Architect ’* l>as rarely been found in the middle ages ; 
perhaps to a certain extent the word ingeniator,*’ so early as 1199, may have taken ifs 
place. “ Supervisor ’* occurs constantly, soon after the Conquest, and has bi'en translated 
“ surveyor,” and sometimes ** overseer ; ” it is not always clear what is to be understood by 
the term ; whether actually a “ designer ” and professional man, as held l y some persons in 
the celebrated example of William of Wykeham, at Windsor Castle; or merely as a 
•‘director,” seeing to the orders of others being carried out : as we hold was the position of 
Wykeham, acting for the monarch, the design being attributable to the roaster mason. 
Numerous examples are given in the paper from which' w6 are quoting; and it likewise 
contains a searching enquiry into Wykebam’s professional capacity, with what result we 
must beg the reader to judge for himself. The “Mapiiter Operiim ” or “master of the 
works ” was an important officer in many monastic es ||(tj|||p aents ; at Croyland, for instance, 
he was the first of the six greater officers, and to MH||^ submitted the 

construction, reparation, beautifying, and cnlargin^^MPip buildings belonging to the 
monastery, Tlie sacrist often held this office, and many names are known, more especially 
tliat of Alan de Walsingham, at Kly monastery, wliose history and labours deserve attcMi- 
tion. In the agi cement made at York, in 1367, it was arranged that the plumber 
was to work wi«h his own hand wherever he should be required by the “master of the 
fabric if liis services were not required, he might obtain leave of absence from the chap- 
ter, or from the “ master of the work,” but to return when required by the said master. At 
the same period there appears to have been a “ keeper of the fabric ” who was to settle the 
amount of the day’s woilc for the plumber and his servants, and to pay salaries. Ap the 
“ master of the work,” the “keeper of the works,” and the “ master mason,” are all mentioned 
in one document of the same period, they cannotbe considered as one person. The house* 
hold of the monaich, as before noticed, comprised an office for carrying out works at the 
royal palaces. The earliest list yet found is of the reign of Edward IV. (1461 83); in it 
the “ clerk of the works,” who is placed 6rst, has a fee of two shillings per day, or 367. 10s. 
per annum, a clerk at sixpence per day, four shillings per day fur riding expenses, and 
twenty pence for boat hire. The next olficer in the list is the comptroller, then follow the 
clerk of the engrossment of the pay* book, the purveyor with an allowance for his horse, the 
keeper of the store* house, the clerk of the check, the clerk of the comptrollements, the car- 
penter, the plumber, the mason (in th's list is omitted), the juiner, the glazier, the surveyor 
of thgrmines, who has also 36/. 10«. per annum, and lastly, the devizor of building, who has 
tile ^ne amount. It would appear from a passage in the Ordinances published by the 
Society of Antiquaries, 1790, that this clerk of the works was first instituted by Edward 
111., and the livery for that officer is known to have been given as early as 1391. Similar 
lists occur later ; in Elizabeth’s reign, the title becomes that of surveyor and paymaster, or 
surveyor and clerk ; in one of 1610, containing the household of prince Henry, Inigo Jones 
is “ surveyor of the works ; ” Mr, Smith, “ paymaster and overseer ; ” and Edward Carter, 
“clerk of the works.” Jones was subsequently “surveyor’* of the king’s works; and 
Denham, Sir C. Wren (who received the fee of 45/. 12^. 6d. ), and others, were styled 
“ surveyor-general.” This royal establishment eventually became the Board of Works, then 
the Office of Works, and is now known as the Commission of Public Works It was this 
Board of Works that served os the school for architects, or to which the best architects were 
ittaehed, during the 1 7 th and 1 8th centuries The earliest instance of the term “clerk of 
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the works’* occurs in I24i; 25th HeniO^ IJf., for certain works to be done ftt 

later times it appears in connection with the palaces at Westoinster 

such an appointment it will be remembered was held by William of Wykeham, in 1356, 

and by Geoffrey Chaucer, in 1389. The “devizor” already named, although it so 

early as about 1470, is a title to which but one name has been attached, that or John ul 

.Padua, on the faitli of a passage in Walpole's AnecdoUi. 

320. 'J'hese careful notices are concluded by the statement that “ there is one circumstance 
res(>ecting nearly all these officers which perhaps needs a passing comment. Very iwny ol 
them were either ecclesiastics or were rewarded with eccleswstic preferment. But it must 
be remembered that, during the period to which our attention has been confined, the church 
was the only field for exertion open to those of the nobility and gentry who were not in- 
clined to embrace the profession of arms ; it also afforded a means by which to obtain a 
livelihood ; therefore the clergy, so called, would thus secure the offices at the disposal of 
the monarch and of the nobility. Sume names, however, appear to have been unconnected 
with the church.” It might be added that in late times in France, eminent architects were 
appointed abh^dy and from their establishments derived the funds for the remuneration of 
their services. “ It is very difficult to understand the duties of tliese officers. The over- 
seer would be, pcrhu|»s, t!ie most easily explained, but his Latin designation as used in the 
Records, is unknown to us unless the Latin word “ Supervisor ” has been the one the trans- 
lators have found. The English word supervisor, if that of steward be questionable, is, 
perhaps, best kept for those who, acting on behalf of others, as Wykeham for the monarch, 
have yet no grounds to be considered tlie designers of the building. The master of tluJ 
works, as he was called in the monastic establishments, and later in Scotland, held the 
place of the English king’s cliief professional man, and was, no doubt, one of the talented 
advisers of the day. The king’s clerk of the works clearly stood in the place of the archi- 
tect. The master or keeper of the fabric was probably the keeper of the whole structure ; 
‘and the keeper of the works was, perhaps, only the custodian of the particular works then 
in progress ; the edifice, under those circumstances, being developed by the master of the 
works or by the master mason. But there is one officer of whom we should desire to know 
much, but of whom nothing whatever is known ; this is the de vizor of buildings.” 

.321. We would refer the student to the paper by Mr. Ferrey, read at tlie same society 
in 1864, Some remarks upon the works of the early media: ral anhitectSy Guudulph, Flambardy 
iVilliam of Sens^ and others. 'I’he subject will be well concluded by quoting the result of 
Mr. Street’s enquiry into the r1 n|j«i)(|jrr of the buildings in Spain. He states in his Account 
of Gothic Archit'ctiire in Spain, 464, tliat ‘‘it is often, and generally thoughtlessly, 

assumed that most of the churdW^f the middle ages were designed by monks or clerical 
architects. So far as Spain is concerned, the result at which we arrive is quite hostile to 
this assumption, for in all the names of architects that I i>ave noticed there are but three 
who were clerics. In our own country it is indeed commonly asserted that the bishojis and 
abbots were themselves tlie architects of the great churches built under tlieir rule. Gun- 
dulph, Flambard, Walsingham, and Wykeham, ha^e all been .so described, but I suspect 
upon insufficient ev idenee j and those who ha\e devoted the most study and time to the 
subject seem to he the least disposed to allow the truth of the claim made for tliem. The 
contrary evidence whicli I am able to adduce from Spain certainly serves to confirm these 
doubts. In short, the common belief in a race of clerical architects and in ubiquitous 
bodies of fieemasons, seems to me to be altogether erroneous.” This work treate very 
minutely on the position of the designer of the buildings in Spain. (See par. 395*) 

822. Among other matters connected with the progress of the art. Stieglitz, in 1834, 
brought to the notice of the public, the marks on courses of stone in many buildings in 
Germany, and elsewhere, called mason’s inaiks,” which hysome hate been supposed to be 
the personal marks of the masters of the woiks, but which are, in fact, nothing more than 
directions to the seUers, and, indeed, are used by masons up to the present hour. Some of 
these, however, are curious in form and figure, and were most probably determined by the 
lodges. 'J'heir forms are principally rectangular, of forty-five degrees, of the equilateral 
triangle, of the intersection of horizontal and perpendicular lines, and circular. Some of 
them have so great a resemblance to Runic characters, that therefore it has been argued tlie 
Anglo-Saxons taught the Germans architecture, and that they cultivated the art, and had 
masonic lodges among themselves, at a very early period ; but this seems rather unreason- 
able; neither is it likely that the natives of this island were the chief artists employed on 
foreign cathedrals, though some may have been. I'hat these marks, however, were used 
from some traditional knowledge has also been urged. Thus the mark the cruciform 
hammer of Thor, is found in the minster at Bale, and repeated in the sixteenth century in 
the church at Oschatz. This mark abounds in a great variety of phases, — on medals, on 
.annulets, in the museum of the Royal Academy of Copenhagen; and on many Runic munu- 
ments, as mentioned by Hobhouse in his illustrations of Childe Harold, It is also found 
on the sacred jar of the Vaishnavas {Asiatic Researches, vol. viii.). At the Chateau de 
Couey (LSth century) is found the Runic letter S. One mark of frequent recurrence 
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Is an inverted Eunie T. It may be seen at Frilxnirif, at the beautiful church of St 
Catherine at Opfienheim. and at Strishurg, connected with the letter N. Without found- 
ing any hypothesis upen the singular agreement of these marks wi^ the siiteen letters 
of the Runic alphabet, it is at least a curious matter for further examination, Hobhouse, 
•8 above mentioned, states, that a character resembling the hammer of 
'fhor is found in some Spanish inscriptions, and he seems to think it 
i>ears affinity to Jig, 161. wliich is often drawn by boys in Italy, though 
no meaning is ascribed to it ; this figure is found at New Shoreham 
church; y§rchao/ngical Journal^ vii., p, 390. 

322a. The earliest lodge of which we have any authentic knowledge, 
was that of Strashurg. Krwin von Steinbach seems to have been at 
the head of it ; he appears also to have been the first secular architect 
of importance that arose, and to have had privileges of gnat im- 
portance conceded to him by the emperor, Uodolph of Hapsburg, I'hb lodge was 
regularly constituted, with power, round e certain extent of territory, to maintain order 
and obedience among the workmen under its jurisdiction. In 1278, Pope Nicholas III. 
granted to tlie body a bull of absolution, which was renewed by his successors up to the 
time, in the fourteenth century, when Benedict XII. occupied the papal chair. To 
lodoque Dotsinger, master of the works at Strasburg in 1452, the merit seems attri- 
butable of so forming an alliance between the different lodges of Germany, as to induce 
a greater uniformity of practice. Whether from tlie central lodge of Strasburg, whence 
certainly branched lodges at Cologne, Vienna, and Zurich, branched also the lodges of 
France, England, and Italy, in which last named country one existed at Orvieto, it is now 
perhaps too difficult a task to discover. 

3226. Much stress has been laid upon the marks, which are found upon the faces and beds 
of stones in nearly all countries. In 162. are given several of these fanciful forms, as wf 


« h AWP c d ^ Y 

/ #2^ Tv A i > X 

i^KXf 

Hg. 102, MASONS’ MARKS ON 8TONK8. 

niaiiitain them originally to have been, a and 6, are from the interior and exterior of tha 
naie of Gloucester cathedral, c, Malmesbury abbey church, d, Furness abbey, e, Poi- 
riers in France. /, St. Radigonde. g, Cologne cathedral ; and 6, Roman altars at Rising- 
ham: these are all from Mr. G. Godwin’s paper in the Arch(rologia, vol. xxx. i, from 
Segovia cathedral ; A, Tarragona cathedral ; and /, Veruela cathedral ; are given, with many 
others, by Mr. G. E. Street in his Gothic Ar^'kitecture of Spain. Numerous examples are 
given in the Freemasons' Monthly Magazine, &c. new series, 1862, and in the Builder Journal 
for 1863. Perhaps the fact of their occurrence, as in the present day, is simply due to their 
being the marks or signs by which each mason recognises the particular stone for the 
correct workmanship of which lie is answerable. On large works a list is kept of them 
by the foreman, and any new man having a mark similar to one already on the list, has to 
make a distinctive difference. An eminent practical mason assured us that from the 
Bharacter of the mark he could tell at once the kind of stone on which it was made. 

A general history of Pointed Architecture is placed at page 233; the Practice or 
Pointed Architecture is placed in Book III., together with much relative information 
and illustration in Principles of Proportion, in the same Book. 


Sect. XVI. 

ITALIAN ARCHITECTURE. 

.323. The commencement of a new era in architecture first dawned in Florence, and then 
soon spread its meridian liglit over Italy and the rest of Europe. The French have well 
applied the term renaisrance to its commencement. It is with us denominated that of the 
rei-iv^ of the arts. The Florentines had at an early period, according to Villani, de- 
termined to erect in tlieir city a monument which should surpass all that had bef re 
■ppeared; in 1294 Arnolfo di Lapo (according to Vasari), but Arnolfo di Cambio da 
Colle (according to Molini), had so prepared his plans that the first stone was laid Sept, 
8, 1296, and the name of Sta. Maria del Fiore was then given to it The works were 
•topped 1310 on the death of Arnolfo. In 1324 Giotto was eapomaestro, who, dying 
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ISSC, his desi^ for the campanile was carried out by Taddeo Gaddi, who died 1.S66. 
In 1SS5 Ffartcisco Talent!, as capomaehtro^ was ordered to make a irtodel to sbo^e how 
the chapels in the rear were to be disposed correct without any defect. On Jiftie IP, 
,1357, the foundations of a new and larger church were begun by Talenti. Andrea 
Orcagna, Bucozzo, Taddeo Gaddi and other architects of talent were consulted in turn, 
and in 1376 the last of the four arches was completed; the central tribune with its five 
chapels were completed H07 ; and in H21 the armatures (centering?) of the last tribune 
were taken down (7%e T/Wr, May 12, 1887). This ^ifice, though commenced before 
the revival of the art«, is one of particular interest and instruction in the history of archi- 
tecture, and one wherein is found a preparation for changing the style then prevalent into 
one sanctioned by the ancient principles of the art. Fig* 163. shows the plan, and Jig* 164 
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the half section and half elevation of it. The walls are almost entirely cased witn 
marble. The whole length of it is 454 feet ; from the pavement to the summit of the 
cross is nearly 387 feet ; the transept is nearly 334 feet long ; the height of the nave 
153 feet, and that of the side aisles 96j. In 1407 Brunelleschi was consulted with others 
as to the dome, but was not appointed until 1420; he nearly completed the drum at his 
death in 1446. The church was consecrated March 25, 1436, and the works ceased in 
1474. The fa 9 ade, destroyed in 1588, was rebuilt from a design by E. de Fabris, and 
unveiled in May 1886. The revival of architecture is so connected witli the life of 
Brunelleschi, that a few passages in the latter will, assist us in giving information on the 
former. He was born in 1377, and was intended by his father, Lippo Lippi, a notary of 
Florence, to succeed him in his own profession; but the inclination of the youth l>eing 
bent towards the arts, the parent with reluctance placed him with a goldsmith, an occu. 
pation then so connected with sculpture that the greatest artists of the time applied 
themselves to the chasing and casting ornaments in the precious metals. Brunelleschi 
became skilful as a sculptor, but determined to devote himself to architecture, in which 
the field was then unoccupied. In company with Donatello he therefore visited Rome, 
and applied himself with ardour to the study of the ruins in the Eternal City, where he 
first began to meditate upon the scheme of uniting by a grand cupula the four arms of the 
Duomo at Florence. During his residence he settled in his mind tiie proportions of the 
orders of architecture from the classic examples which the city alforded, and studied the 
science of construction as practised by the ancients ; from them he learnt that perfect 
accordance which always exists between what is useful and what is beautiful both of 
which are reciprocally subordinate to each other. Here he discovered the principles of 
that nice equilibrium, equally requisite fur the beauty no less than for the solidity Of 
an edifice. He returned to Florence in 1407. In this year the citizens convoked 
an assembly of architects and engineers to deliberate upon some plan for finishing 
the Duomo. To this assembly Brunelleschi was invited, and gave his advice for raising 
the base drum or attic story upon which the cupola should be placed. It is not im^ 
por^ant here to detail the jealousies of rivals which impeded his project; nor, when the 
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commission was at length confided to him, the disgraceful assignment to him of l^orenzo 
Ghiberti as a colleague, whose incapacity for such a taslc our architect soon made manifest 
Suffice it to say, that befor# his death he had the satisfaction to see the cupola finished, 
with the exception of the of the drum under the cupola ; for whose decoration, aa 

well as for the lantern witli"^%Tii<lrhe proposed to crown the edifice, he left designs, which,» 
however, were lost. One of the directions he left on his death particularly insisted upon 
the necessity of following the model he had prepared for the lantern, and that it was es- 
sential that it should be constructed of large blocks of marble so as to prevent tlie cupola 
from opening ; an advice which experience has since proved in other cases to be far from 
sound. This cupola is octagonal on the plan, as will be seen by reference to the figures, 
and is I.'IS feet 6 inches in diameter, and from the cornice of the drum to the eye of the 
dome of the height of 133 feet S inches. Before it nothing had appeared with which it 
could lie fairly put in comparison. The domes of St. Mark and that at Pisa are far below 
it in grandeur and simplicity of construction. In size it only yields to St. Peter's at 
Home, for which it is probable it served as a model to Michael Angelo ; for in both, the inner 
and outer cupolas are connected in one arch at their springing. It is moreover well 
known that Buonarroti's admiration of it was so great that he used to say that to imitate 
it was indeed difficult, to surpass it impossible. Vasari's testimony of it shall close our 
account of this magnificent structure: — ** Se puo dir certo che gli antichi, non aiidaranp 
mai taiito alto con lor fabriche, ne si roessono a un risico tanto grande, che eglino volessino 
oombattere col cielo, come par veramente ch' ella combatta, veggendosi ella estollere in 
tMt' altezza^ che i monti intorno a Fiorenza paiono simili a lei. £ nel vero pare, che il 
•ielo ne abbia invidia poiche di continuo le saette tutto il giorno la percuotono." It might 
be supposed that such a work was sufficient to occupy the whole of Brunelleschi’s time ; 
M ao s the Duke Filippo Maria engaged him on the fortifications at Milan, besides which 
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tie WM employed on sewral other military works; a proof of the great diversity of talent ho 
possessed. It is, therefore, from the extensive employ he enjoyed, not only in Florence* 
but in many other parts of Italy, quite certain that he infused anew taste into its buildings* 
imd that he is justly entitled to the title of the Restorer of Architecture in Europe. He 
died, and was buried in the church he had raised in 1444. He left a number of scholars, 
among >vhom Luca Fancell i and Michelozzo were perhaps the ablest, 'lliese pupils spread 
throughout Italy the effects of the vast change that had been thus begun ; a taste for archi- 
tecture was excited ; its true principles became known ; and in a short space of time, as if 
the matter had lieen one of arrangement between them, the illustrious house of Medici, the 
dukes of Milan, and the princes and nobility of the country contended who should most 
patronise its professors. The learned began to expound to artists the books of Vitruvius, 
the only writer among the ancients whose works on that subject have come down to us. 

324. Leo Battista Alberti, of the ancient and illustrious family of the Alberti of 
Florence, succeeded Brunellesclii in carrying on the great change of which we have been 
speaking, and was, indeed, a great contributor to the art, not only by his literary labours 
on architecture, in which he displays profound erudition, knowledge of construction, and 
an intimate acquftintanoe with the works of the ancients, but also by the distribution, ele- 
gance, grace, aifi^rariety, which his designs exhibit. His book, De Re Edijicutoridt is the 
foundation of all that has been since written on the art, and deserves careful perusal by 
every one who studies for the purpose of practice. We shall here present a short account 
of it, which, in imitation of Vitruvius, he divided into ten books. 

325. The first book treats on the origin and utility of architecture ; tlie choice of the 
soil and situation for placing buildings; the preparation, measurement, and suitable divi- 
sion according to their nature, of the edifices to be erected ; of columns and pilasters ; of 
the different kinds of roofs, doors, and windows, their number and size ; of the different 
sorts of staircases and their landings ; of the sewage or drains, and of suitable situations for 
them respectively. In the second book the subjects are, the choice of materials; the pre- 
cautions to be taken before beginning a building ; the models, of whatever description, that 
should be made ; the choice of workmen ; the trees fit for use, and the season in which they 
should be felled ; the methods for preventing rot, and susceptibility of fire ; of stone in its 
varieties; the different sorts of bricks, tiles, lime, sand, and mortar. The //uVrf book 
treats of construction ; foundations according to the varieties of soil ; encroachments ; the 
carrying up and bond of masonry ; rough and rubble work ; on the different sorts of 
masonry ; on the inlaying and facing of wails ; on beams, joists, and the method of 
strengthening them ; on flours, arches, and vaults ; the covering of roofs, ])avements, and the 
season for beginning and completing certain works. Tim fourth book is confined to the phi- 
losophy of the art, showing tlie causes which influence mankind in the adoption of inodes 
of building according to thd climate, the soil, and the habits or government of a people. It, 
however, treats of the proper position of a city ; of the size to be given to it ; of tlie form 
of the walls ; of the customs and ceremonies of the ancients as applied to this point ; of 
fortifications, bastions or towers gates and ramparts; bridges, both of timber and stone; 
sewers, ports, harbours, and squares requisite in a city. The fifth hook contains in- 
structions for the erection of palaces for peaceable, and castles for absolute princes ; for the 
houses required by a republic ; large and small religious edifices ; academies, public 
scliools, hospitals, and palaces for senators. In it are given some hints on military and 
naval architecture* on farm buildings, and country hoiMMi. In the sixth book Alberti 
treats on architectural ornament, columns, and the method of adjusting their proportions. 
After some observations on the principles of beauty, on taste, and on the inode of im- 
proving it, he enters shortly on the history of architecture. These are followed by several 
chapters on the doctrine of mechanics, machines, the method of raising and working 
columns, polishing them, imitations in stucco and incrustation in thin layers, and matters 
of that nature. The seventh book continues the discussion on ornaments in architecture 
but chiefly in respect of columns, showing the edifices in which the use of them is suitable* 
and, in imitation of Vitruvius in his directions relative to temples, our author dilates on 
buildings for ecclesiastical purposes. He shows what sorts of columns and pilasters are 
best suited to them, how far the employment of statues is proper, and how they should be 
sculptured. The eighth book is on roads and their decorations, tombs, pyramids, columns 
altars, epitaphs, &c. In it he turns to the subjects of streets, cities, ornaments appropriate 
to gates, ports, arches, bridges, crossways, markets, public squares, walks, porticoes, theatres 
amphitheatres, circi, libraries, colleges, baths, Ac. ; and the style in which public buildincs 
should be constructed and decorated. The ninth book is a continuation of the precedimr 
one ; but in this he speaks in addition of the appropriate decoration of royal palaces and of 
the ornaments respectively suitable to city and country dwellings, and of the paintings and 
sculpture that should be employed in them. In the tenth and last book the princip5 sub- 
jeet is the finding a supply of water for buildings both in town and country, and it closes 
with some useful hints on the aid of architecture to domestic economy. Tliis truly great 
nm coiiitrueted many works in different cities of Italy, some of which still xemm to 
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attest his skill* We are not to examine them witli the eye of an architect flourishing oven 
half a century later, though under that category they do him honour, but with the eye 
of an artist of his own day, and we shall then And our veneration for his mt^mory cannot be 
too strongly expressed. In Florence he finished the liuccellai palgce, and built the choir 
of the Annunziata. At Mantua he built a church of singular beauty, consisting of a simple 
nave, crowned with a vault decorated with caissont, which rivals the works of the ancients. 
The additions he made to the church of St. Francesco at Rimini, a pointed church, though 
not in the same style, because it then came into disrepute, show an extraordinary aptitude 
for overcoming the most difficult and repulsive subjects with which an architect has to deal, 
snd that work alone would stamp him as a man of genius. On his other acquirements it is 
not within our province to dwell ; we shall merely sum them up by saying tlmt he was poet, 
painter, scul})tor, philosopher, mathematician, and antiquary. Such was Alberti, in whom 
was concentrated more refinement and learning than have hardly since appeared in a single 
individual of our species. The time of his death is not accurately known : some place it at 
the end of the fifteenth, and others at the beginnuig of the sixteenth century. 

326. About the time that Alberti was engaged on the practice and literature of tliQ art, 
a very extraordinary volume, written by a member of the Colonna family, was published by 
Aldus, at Venice, in 1499, folio. Its title is as follows: — PolyphiH Hypntrotomachia , 
opus italica lingud couHcriptum ; ubi humana omnia non nisi somniwn esse doeet. This work 
deserv es to be better known than we fear its rarity will ever permit. With the singularity 
of the plan, it unites the advantage of placing before the reader many elevated and elegant 
ideas, and, under the veil of a fable, of inculcating precepts of the greatest utility to artisti 
and those that love the art. 'Die testimony of Felihien in favour of this work runs so fa- 
vourably, that we must transcribe it: — ** Sans prejudice,** says that author, “ du grand profit 
qu’on peut tirer de la lecture de Vitruve, et de Tetude qu’on doit faire de ses principes et de 
ses regies, il nc faut pas moins examiner les tableaux curieux de plusieurs superbes Edifices, 
inonumens ou jardins, que Timagination riante et fi^conde de Tauteur du Songe a mis sous 
les yeux de ses lecteurs.'* When it is recollected that the manuscripts of Vitruvius were 
extremely rare, and that when Colonna wrote (1467) that author had not been translated, — 
when we reflect that in his descriptions he rears edifices as magnificent and regular at 
those which Vitruvius presents to us, we cannot withhold our surprise at the genius and pene- 
tration of the author. With him architecture appears in all her majesty. Pyramids, 
obelisks, mausolea, colossal statues, circi, hippodromi, amphitheatres, temples, aqueducts, 
baths, fountains, noble palaces, delicious gardens, all in the purest taste and of the most 
perfect proportion, attend in her train, and administer to the pomp with which the author 
Httires her. With him all these ideal productions of the art were not merely the result of 
an ardent imagination, but were the fruit of an intimate acquaintance with its rules, which 
he explains to his reader, and inspires him at the same time with a taste for the subject of 
his pages. He often breaks out against the gross ignorance of the architects of his da), 
and endeavours to inculcate in them the sound principles of the art. He demonstrates 
that it is not enough that an edifice possesses stability and solidity, but that it must be 
impressed with a character suitable to the purpose for which it is destined ; that it is not 
enough that it be well decorated, but that the ornaments used arise from necessity, or at 
the least from utility. Architecture thus treated in fiction was much more pleasantly 
studied than it would have been by mere application to the dry rules of Vitruvius. Tlie 
impression made by the work was increased by the poetic glow with which the precepts 
were delivered ; the allegories it contained warmed the imaginations of a people easily excited, 
and Italy soon saw realised what Polyphilus had seen in a dream. This work is decorated 
with wood engravings of singular beauty, in which the details and accessories are strictly 
classical ; it is written with great spirit and elegance, and we are not amazed at the magical 
effect which, with the accompaniment of Alberti’s book above mentioned, it every where 
produced. 

.327. The Italian school, which ultimately appropriated and adapted the ancient Roman 
orders and their details to comparatively modern habits, was for a long while engrafted 
on or amalgamated with what is, called Gothic. We here 165. ) place before the reader 
an instance of this, in the celebrated Loggia at Florence, designed by Orgagna. The same 
feeling appears, indeed, in what Hrunelleschi did in his Duomo, and in many other buildings 
in Florence, in Pisa, Sienna, and other cities. Brunelleschi doubtless made a strong effort to 
emancipate himself altogether from the mixture of two discordant styles, and in some mea- 
sure succeeded. Still there continued, as is evident in the Ricardi, Strozzi, and other palaces 
in Florence, a lingering love for the mixture, which the architects had great apparent diffi- 
culty in shaking off. It is, however, extraordinary that with all this lingering love for the 
ancient style, in which there was much littleness, when the architects of this period came 
to the crowning members of thoir edifices, they placed on them such massive and finely 
'x>mposed cornices that the other parts are quite lost; and in this member it is evident they 
were influenced by those feelings of unity and breadth that gave so much value to the best 
stdrks of the ancients. ‘ - - * 




32a. Tlie revival of the arts in Italy was vastly assisted by the commerce and riches ol 
the country ; and with tlie decay of that commerce, nearly 3(K) years afterwards, their palmy 
days were no more ; from that time they have never thriven in the country that gave 
them birth. It is our intention, in this view of Italian architecture, to consider it under 
the tliree schools which reigned in Italy — 1. ITie Florentine; 2. Tlie Homan; 3. The 
Venetian. 

329. 1. Fhrentive School. — Climate and the habits of a people are the principal agents 
in creating real style in architecture: but these are in a great measure controlled, or it is 
periiaps more correct to say inoditici by the materials which a country supplies. Often, 
indeed, these latter yeilrict the architect, and influence the lightness or massiveftess of the 
style he adopts. The quarries of Tuscany furnish very large blocks of stone, lying so close 
to the surface that tliey are without other difficulty than that of carriage obtained and 
removed to the spots where they are ifanted. This is probably a circumstance which will 
account for the solidity, monotony, and solemnity which are such commanding features in 
the Florentine school ; and which, if we may judge from the colossal ruins Still exist- 
ing, similarly prevailed 'm the -buildings of ancient Etruria, In later times another cause 
contributed to the continuation of the practice, and that M^as the necessity of affording places 
pf defence for the upper ranks of society in a state where insurrection continually occurred 
/i’hus the palaces of tlie Medici, of the I^itti, of the Strozzi, and of other families, served almost 
e<}ually for fortresses as for palaces. The style seems U have interdicted the Use of columns 
in tlie facades, and on thiMccount the stupendous cornices that were used seem actually 
necemry for the purpose of imparting grandeur to the composition. In the best and most 
celebrated eiuimples of their palaces, such as the Strdzsi, Pandolfini, and others in Florence 
and the Picolomini palace at Sienna, the cornices are proportioned to the whole height of 
the building considered as an order, notirithstandihg the horisontal subdivisions ancf small 
iaterposad oornices that arc practised between tlie base and tlie crowning member. The 
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•ourts of these palaces are usually stiir^u^ed Ijy columns or arcades, and if^ir Ulterior i|i 
scarcely ever indicated by the external distribution. Front ainqii^ the extraordinary palaces 
with winch Florence abounds, we place before the reader tlie eaqyiUitc facade of Ihe l*an» 
dolhii; palace, the design whereof (j^p. 16G.) is attributed to tlie divine dialSaclle d^urbino* 
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la it almost all the requisites of street architecture are displayed. It is an exam|i)4 
wherein the principles of that style arc so admirably developed, as to induce us to recom- 
mend it, in conjunction with the facade of the Farnese palace hereafter given, to the 
elaborate study of the young architect 

3 SO. Without further allusion to the double cupola of the Duomo, already noticed, 
the first of its species, and the prototype of that of St. Peter’s at Rome afterwards reared 
by Micliael Angelo, the principles and character of the Florentine school are not so 
inanlfest in its churches as in its palaces. These nevertheless possess great" interest ; for 
they were the bases oJii which those of the Roman school were formed, as well as of those 
t'xamples wliich, with different degrees of purity, were afterwards erected in many of the 
capitals of Europe. Besides the plan of the Duomo, those of 8t. Michele, Sta. Maddelina, 
St. l^ancrazlo, St. Lorenzo, and St. Spirito, aic the key to all excellence in modern art, as 
lespects leal church architecture. It is iinlortunate that of this school few of the churclies 
have been finished, so that their fa 9 adcs arc generally imperfect. The interior was pro- 
perly, with them, a matter to be fiist considered and brought to perfection. 

3JJ. Amongst the many extraordinary architects of the Florentino sclmol, whereof a 
list will hereafter be given, was Bartolumeo Ainmanati, whose bridge, Santissima 

J'rimtdt* sufficiently proves that the greatness of the Florentine school (toes not alone 
depend on its palaces and churches. This, one of the most beautiful examples, as well 
for design as constructive science, in which was obtained for the waters of the Arno a 
maximum of waterway, combined with a beauty of form inappreciable through graphic 
means, still strides the river of Florence, to attest the consummate skill of Aminanati. 
The bridge in question consists of three arches : the middle one is 96 ft. span, and each of the 
others 86 ft. ; the width of the piers is 26 ft. 9 in., and the breadth of the bridge between 
the parapets is 33 ft. The arches are very lightly pointed, the cusp being hidden by the 
rams* heads sculptured on the keystones i their rise above the springing is very little, 
hence they have been mistaken by some writers for cycloidal aroh^. Alfonso and Giulio 
Partgi, Who assisted in construotuig the work, left an account of the mode in which it was 
carried on, and the manuscript is still preserved in the Florentine Library. More recently, 
a description of this bridge has been published by Ferroni, under the title of “ Della vera 
Curva degli Archi del Ponte della Santissima Trinita di Firenze.” The Pitti palace had 
been begun in the time of Brunelleschi, in 1435, fbr Luca Pitti, a wealthy citizei of Florence. 
Remaining long unfinished, it was at last sold to Eleonora, wife of Cosmo I., who pur- 
oliased the adjoining ground, and planted the Boboli Gardens. About the middle of the 
16th century, Nicolo Bracciani, surnamed Tiribolo, made design^ for finishing the building; 
and was succeeded by Bernardo Buontalenti. After him came our Ammanati, who left 
other designs for finishing, which was accomplished by Alfonso and Giulio Parigi. It is 
now the residence of the gn^ duke, and has served as a model ft»r imitation to many modern 
architects, though there is in it much 4o condemn. Tlie details, however, and proportions 
of the orderi^used in it by Ammanati, are vefy beautiful. I'his architect died in 1586, at 
the age of seventy-five. He was a pupil of Baccio Bandinelli, and during his life composed 
a large work, entitled La Cittdf wliieh contained designs for all tlie fabrics belonging to 
a regular and well-arranged city, beginning witb4he gates, then proceeding to the palaces 
^ of the prince Mid magistrate, tlic churches, the fountains, the squares, the loggia for the 
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mmhants, the bridlge8« theatres, &c. This work appears to have been lost, the last posseasot 
of it known having been the prince Ferdinand of Tuscany, lliough in the higher re- 
finement of finished details the Florentine school did not reach tlie extreme elegance of the 
Homan and Venetian schools, yet for bold imposing masses of architecture we think no 
city presents such a collection of highly picturesque architectural examples as Florence. 
Tlte Pitti palace indeed, just mentioned, is more imposing by its broad parts than almost 
any other building with which we are acquainted, though it becomes poor when translated 
into French, as at the Luxembourg. 

332. So late as 1454, we find in the Strozzi and other palaces semicircular-headed win- 
dows, wherein are half columns at the sides, and a column in the middle, resembling those 
in the Byzantine or liomanesijue edifices. The two apertures thus formed are crowned by 
semicircular heads, which are circumscribed by the outer semicircle, and the spandrel formed 
by the three curves is occupied by a patera. 

333. The period of the Florentine school, which must be taken as commencing with 
Brunelleschi, includes the names of Michelozzo, Leo Battista Alberti, Pollaiuolo (who ob- 
tained the soubriquet of Chronaca, from his constant recital of his travels), the architect 
of the Strozzi palace, Raffaelle Sanzio, Benedetto da Majano, Baccio d’Agnolo, Baccio 
Bandinelli, Buontalenti, Ammanati, and others: it extends from a. n. 1400 to a. n. 1600. 
'J'he works of Michael Angelo, though a Florentine, do not belong to this school ; neither 
do those of San Gallo and some others, who have been improperly classed as Florentine 
architects. 

334. 2. Roman School. — Though the city of Rome, during the period of the rise and 
progress of the Homan school of architecture, was not altogether free from insurrectionary 
troubles, its palatial style is far less massive tliun that of Florence. None of its buildings 
present the fortress-like appearance of those in the last-named city. Indeed, the Roman 
palaces, from their grace and lightness, indicate, on the j)art of the people, habits of a much 
more pacific nature, and an advancing state of the art, arising from a more intimate ac- 
quaintance with the models of antiquity which were on every side. The introduction of 
columns becomes a favourite and pleasing feature, and great care and study appear to have 
been constantly bestowed on the fa^-ades of their buildings; so much so, indeed, in many, 
that they are but masks to indifferent interiors. In them the entrance becomes a principal 
object ; and though in a great number of cases the abuses which enter into its compo- 
sition are manifold, yet the general effect is usually successful. The courts in these 
palaces are most frequently surrounded with arcades, whence a staircase of considerable 
dimensions leads to the sala or principal room of the palace. The general character is that 
of grandeur, but devoid altogether of the severity which so strongly marks the Florentine 
school. Tlie noblest example of a palace in the world is that of the Farnese family at 
Rome, to which we shall afterwards have occasion to return. 

3.35. Brainante, bora in 1444 at some place, but which is still in doubt, in the duchy of 
Urbino, must be considered the founder of the Roman school. Though educated as a 
painter under Fru Bartolomeo, and likely to have ranked in that occupation us a master 
of no ordinary powers, his great love of architecture induced him at an early period to 
quit ])ainting as a profession. In Lombardy he wandered from city to city for the pur])ose 
of obtaining employment as an architect, but there is no evidence that his exertions in 
tliat part of Italy were rewarded with great success. The dry style which afterwards cha- 
racterised his works has been said to have had its origin in his protracted stay at Milan 
while the works of the Duoiiio were carrying on there under Bernardino di Trevi a 
builder of such skill to have gained the esteem of Leonardo da Vinci. Be this as' it 
may, it was in this city his determination to follow our art became irrevocable. From 
Milan he went straightway to Rome; where, however, he was obliged to make himself 
known by some works in his first profession of a painter in tlie church of St. Giovanni 
Laterano. Naturally of hospitable and social disposition, and a lover of expense and 
hixury, so intense was Itis ardour to become great in the art lie adopted that he refrained 
from all society, holding commerce only with the monuments of antiemily by whicli ho 
WM surrounded, studying with the utmost diligence, and drawing them for his future an. 
plication of tliy principles upon which they were founded. He even extended his researchli! 
to Naples, losing no opportunity of noting all the ruins from which instruction in his art 
could be drawn. Oraffa (Cardinal of Naples), who had remarked his zeal, ffave liim hi. 
first commission m Rome, which was the construction of the cloister of tlie Convent d 11 
Race ; and this, from the intelligence and speed with which he executed the task brnuJhf 
him at once into repute. At this period Rome could boast but of few architectr*^ 
those that were established there were of small account. The Florentine school seem t 
have sprung in the most decided manner from the habiu of the people and the 
ol‘ their materials, modified by some knowledge of the buildings of the ancients - 
of Rome seems to have been founded upon the principle of making the ancient architootn/ 
of Rome suit the more modern habits of a very different people, though living cm Si'* 
same spot. To explain more immediately our meaning, Ve cite the small circulrr cliaiS 
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of St Pietro in Montorlo, wherein we Bad a jump at once in tlie adaptation of the circular 
peripteral temple of the Romans to the purpose of Christian ceremonies. And agaiOf it 
IS impossible to look at the Palazzo della Caticelleria without being struck by the base- 
ment and two orders, which would be suggested by a contempla^on of the Colisseum, 
though afterwards the Roman architects had the good sense to see that the orders of 
architecture placed against the walls of a building where the use was not required by the 
interior distribution was a tasteless and useless application of them. The architect of the 
Palazzo Farnese only uses them for the decorations of his windows. In this respect we 
hope good sense is once more returning to this country ; and that the absurd practice in 
almost every case of calling in the orders to aid the effect of a fii9ade, will be abandoned 
for the better plan of obtaining an imposing effect from the simplicity and arrangement of 
the necessary parts. We must, however, return to Bramante, whose other employment we 
pass over to come to his great work, — one which, after the continued labour upon it of his 
successor Michael Angelo, seems to have exhibited the great canons of art ; one which 
has regulated all the modern cathedrals of Europe, for they are, in fact, but repetitions 
of it ; and one, therefore, which requires a lengthened notice in this place, as intimately 
connected with the rapid progress of the Roman school. The ancient Basilica of St. 
Peter had become so ruinous that Pope Nicholas V.,a man who delighted in magnificent 
undertakings, a lover of architecture, and of more than ordinary genius, had conceived the 
project of rebuilding it, and under the designs of Bernardo Rosellini had actually seen a 
portion of the design rise from the ground before his death. Tlie project seemed then to 
i>e forgotten and abandoned, until Michael Angelo Buonarroti, seeking a place for the 
erection of the mausoleum of Julius II., upon which he was engaged, thought that the 
tribune of Kosellini’s projected new basilica would be well suited for its reception, and 
accordingly proposed it to the pontiff. Julius, pleased with the suggestion, immediately 
sent for San Gallo and Bramante to examine into it. In these cases, one project generally 
suggests anotiier, and the rearing a new St. Peter's became a fixed object in the mind of 
Julius II. 'fhe tribune of Nicholas V. was no longer thought of, except as a space to 
be included within the new works. He consulted several architects upon the subject ; but 
the fact is, that the only real competition lay between Giuliano di San Gallo and Bra- 
mante. The Idst ^Vas the successful artist ; and from a great number of projects the pope 
St last chose that upon which St. Peter's was afterwards commenced. The real design of 
Bramante can scarcely be traced in the basilica of the Vatican as executed. The changes 
it was doomed to undergo before completion, more than perhaps any other building was 
ever subjected to, have been drawn into a history by the Jesuit Bonanni. When Bramante 
died, his designs, if indeed he made any, were dispersed ; and for what we do know of them 
we are indebted to llaffaelle, who took much pains in collecting the ideas of our architect, 
as they afterwards appeared in Serlio's Treatise on Architecture, The original plan of 
Bramante was simple, grand, and in its parts harmonious, and would doubtless have 
been effective, far beyond the edifice as executed. It has been well observed by Q. de 
Quincy, in his Life of Bramante, “ Le Saint Pierre d’aujourd’hui parait moins grand qu’il 
ne Test en effet. Le Saint Pierre de Bramante aurait certainemeiit 4te plus grand encore 
en apparence qu'en realite.” There would moreover have been an accordance l>etween 
die interior and exterior. The peristyle was to have three ranks of columns in depth, 
which would have necessarily had unequal intercolumniations. ITie cupola was rather 
that of the Pantheon, ornamented exteriorly with an order of columns. Bramante carried 
his imitation even to tlie steps round the springing of that monument. From the 
medals of the design struck about tlie period, it seems that the fayade was to have been 
decorated at its extremities with two canipanili ; but the authority of a medal may be 
doubtful. The idea, therefore, wliich is said to have originated with Michael Angelo, 
of placing the dome of the Pantheon upon the vaulting of the Temple of Peace emanated 
from Bramante, though the honour of actually carrying such a project into execution 
belongs to Michael Angelo da Buonarroti. It is not, however, probable that if Bra- 
mante had lived he could have strictly executed the design he produced ; for it has been 
well proved that the piers which carry the dome would not have been sufficiently sub- 
stantial for the weight to be placed upon them, inasmuch as Bramante's cupola would 
have been much heavier than that executed by Michael Angelo, and that architect con- 
sidered it necessary to make bis piers three times as thick as the former had proposed 
for his cupola, Bramante’s general design having been adopted by Julius II., was imme- 
diately commenced with a boldness and promptitude of which few but such men as Julius 
and Bramante were capable. One half of the ancient basilica was taken down ; and on the 
18th of April, 1506, the first stone of the new fabric was laid by the pope in the pier of the 
dome, commonly called that of Sta. Veronica. The four piers soon rose ; the centres were 
prepared for connecting them by vaults, which were actually turued. The weight and 
thrust of the vaults, however^ Iient the piers, and cracks and fissures made their ap- 
pearance in every direction, 'fhus, without more than their own weight, much lest 
that nf tile cupbl^ the works threatened ruin llie great liaste used in carrying on the 
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works 'liid doubtless irtuch contributed to this catastrophe. Braiiiante in the ui^itimc 
dying, Ilaflkelle, Giocondo, and Giuliano di San Gallo, and afterwards Raldarzare Peruzzi 
and Antonio San Gallo, were engaged on the edifice, and severally used the proper meaiii 
for remedying the defects that had arisen, and for fortifying the great piers of the dome. 
To do this, as well as to push forward its completion, Michael Angelo was employed ; and, 
the rest of that great man's life was chiefly devoted to carrying on, under his own desigtis, 
the works of the fabric. From the death of Bramante in 1513 to 1546, when Antonio 
San Gallo diedt tlie architects above named, all of whose names are almost sacred, had been 
more or less employed upon it. It was during this period that Bramante's original plan 
of a Latin was ciiaiiged into a Greek cross by Peruzzi. The works had at tins time become 
tlie source of much jobbing; every body that had any employment on them seemed !)ent on 
providing for himself, when Michael Angelo consented, for he was far from desirous of beiiigi 
employed, to superintend the future progress of the fabric. The first use made of his au« 
thority by Michael Angelo was that of discharging all the agents and employ6» of the place ; 
he may be said to have again driven the money-lenders out of the temple. That he might 
have more moral power over this worthless race, he set the example of declining to receive 
the salary of 600 crowns attached to his appointment as architect, and gratuitously super- 
intended the works during the period of seventeen years, — a disinterestedness that afterwards 
found a parallel in one of the greatest architects that this or any other country ever saw : 
we need scarcely mention the name of Inigo Jones. Michael Angelo began by undoing 
what his predecessor San Gallo had executed; and after having accomplished that, his 
whole powers were directed towards carrying on the structure to such a point that no 
change could possibly be made in his plans ; so that after having strengthened the great 
piers, vaulted the naves, and carried up the exterior pedestal of the cupola, at the death 
of Paul III. in 1549 the form of these parts of the basilica was unchangeably fixed. 
Under Julius 111., the successor of Paul, the intrigues which had always been carried on 
against Michael Angelo were renewed. He was accused of having contrived the arrange- 
ment without sufficient light, and of having changed every thing his predecessors had 
done. Thus proceeded this great work ; but notwithstanding the severe trials he had to 
undergo from the envy of his contemporaries, — rivals he could not encounter, — Buonarroti 
steadily pursued his course. He felt that his own destiny and that of the fabric were 
identical ; and, notwithstanding all the disgusting treatment to which he was exposed, 
determined to stand to his post while life remained. Writing to Vasari, he says, “ For me 
to leave this place would be the cause of ruin to tlie church of St. Peter, which would be 
a lamentable occurrence, and a greater sin. As 1 hope to establish it beyond the possibility 
of changing the design, 1 could first wish to accomplish that end ; if I do not already 
commit a crime, by disappointing the many cormorants who are in daily expectation of 
getting rid of me.*' And in another letter to Messer Lionardo Buonarrotti, in reply to the 
pressing instance of the grand duke to have him at Florence, he says, ** 1 would prefer 
death to being in disgrace with tlie duke. In all iny affairs 1 have endeavoured to adhere 
to the trutlj ; and if 1 have delayed coming to Florence us I promised, the promise should 
have been construed with this condition, that 1 would not depart hence until the fabric of 
St. Peter’s was so far advanced as to prevent iu being spoiled by others, and my design 
altered ; nor to leave opportunity for those thieves to return and plunder, as has been their 
custom, and as is still their hope, llius placed by Divine Providence, 1 have exerted 
ipyself to prevent those evils. As yet, however, 1 have not been able to succeed in ad- 
vancing the building to that point which 1 desire, from want of money and men ; and being 
old, without any one about me to whose care 1 could leave the work, as I serve for the love of 
God, in whom is all my hope, 1 cannot abandon it.” At this period, with the letter, to which 
we have not done sufficient justice in the translation, it b impossible not to sympathise, nor 
to be unaffected by the simple and unbendmg honesty of thb honour to the race of man, in- 
dependent of all our admiration of his stupendous power as an artist. At the age of eighty- 
seven, the pedestal being then ready for the reception of the cupola, he made a small 
model in clay for that important feature of his work, which was afterwards, to a scale, ac- 
curately under his direction, executed in wood ; but deficiency in the funds prevented* the 
progrew of the building. To the height of upwards of 28 ft, above the exterior attic the 
cupola is in one solid vault, whose diameter is near 1 39 ft. at its springing, at which place 
its thickness is near 10ft. exclusive of the ribs. As the inner and outer vaults are not con- 
centric, the interval between them increases as they rise. Where tliey receive the lantern 
they are 10ft. 7 in. apart. The construction of thb dome proves tlie profundity of the 
architect's knowledge as a scientific builder to have equalled his superiority as an architect. 

336. After the deatli of Michael Angelo, thb cupola with its lantern was rigoroutlv exl 
eoutecl, upon the model he had left, by Jacopo della Porta and Domenico Fontana. ^Hb 
iptentiotis were religiously rented, in tlie completion of the fabric, until the time of Pirro 
Ligorio. whom Pius IV. deprived of hb situation for attempting to swerve from the model 
ftnd substitute his own work. 

, 137. Brtww the foundation of the church by Bramante, and its entire completign hj 
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Arehiteelural as well as graphical and plastic taste had undergone great changes ; and 
though the first was still far from the vicious point to which Borromini carried it, the 
great principles of order and authority, as founded on the models of anti(|uity, were passi*d 
sway, and.no longer occupied the attention of the architect, llie spirit of innovation, tod 
otleii mistaken for genius, had made such inroads, that regularity of plan, simplicity of form, 
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«nd the happy union of taste with common sense had altogether disappeared. The part 
added to the edifice by Maderno appears in the plan in a darker tint, by wbicli it is seen 
that he added three arcades to the nave, in which the same ordonnance is continued# 

358. Respecting the alteration in, or rather addition to the plan, it is, and is likely to 
continue, a moot point, whether this change by Maderno has injured the effect of the 
ehurch. ♦♦There are,” says De Quincy, “in the method of judging of works of archi- 
tecture, so many different points of view from which they may be judged, that it is quite 
possible to approve of eyen contrary things.” We are not ourselves disposed to censure 
the application of Maderno, though it cannot be denied that the symmetry of the fabric 
was in some measure destroyed by it. It is possible that the constant habit of seeing 
cathedrals with a prolonged nave, before we first saw St. Peter’s, may have disposed us to 
look leniently at a point which so many better judges than ourselves have condemned. 
Michael Angelo’s plan was, doubtless, one of great simplicity and unity. According to his 
intention, the cupola was the principal feature, the four arms of its cross being accessaries 
which would not interfere with or leasen the effect of its grandeur, whose points of view 
could not be much varied. On the other hand, the edifice, enlarged according to the first 
project of Bramr.r.te, has acquired an immensity of volume, which, observes the author 
before (fuoted, one would be now sorry to see it deprived of. “ Ce souf deux grandeurs 
voisines sans itre rivnles.'* In its exterior, however, it must be admitted that the pro- 
longation of the nave has not improved the effect ; and that arose from tiie necessity of 
strictly conforming to the forms that existed. It is manifest that the number of divisions 
which resulted from the mixtilinear plan of Michael Angelo would not well sort with the 
extended mass which the nave created. It was absolutely necessary that it should be 
conformable with what had been completed ; and the effect of this was lessening the 
elevation of the cupola in an almost fatal manner. The fa 9 ade of entrance cannot in any 
way be defended ; and it is much to be regretted that the fine entrance designed by the 
great master was lost to the world. 

359. St. Paul’s is, perhaps, the only great instance in Europe wherein the design was 
made and wholly curried into execution by the same architect. Works of this nature 
usually exceed the span of man’s life. St. Peter’s was altogether a century and a half in 
building. The change of arcliitects is not the least it)#*onvenien('e of sunh a st ite of things; 
for during so long a period such a change of taste arises that the fashion and style of an 
art are from accident scarcely the same at its commencement and end. Thus the church 
of the Vatican, which was begun by Bramante in a comparatively pure style, was, in the 
end, defaced by the vicious bizurrenes ot Borromini, it was fortunate Micnael Angelo, so 
fiir fiweseeing accidents of this nature, had fixed unchangeably the main features of his com- 
position. 


.340. lliat the first idea of this stupendous fabric owes its origin to Bramante cannot Ijo 
disptited ; but its greatness, as conceived by him, is confined to the boast of placing the 
cupola of the Pantheon upon the vaulting of the Temple of Peace. The sketch of it given 
by Serliq is nothing like the cupola which was executed. On the other hand, what was 
executed by Michael Angelo was scarcely new after what Brunelleschi had accomplished 
at Sta. Maria del Fiore, This, however, was a chef d’ccuvre of construction ; that of St. 
Peter’s was a chef d’oeuvre of construction and architecture combined. What was new 
in it was, that it was the loftiest and largest of all works, ancient or modern, uniting in its 
vast volume the greatest beauties of proportion to simplicity and unity of form ; to mag- 
nificence and richne.ss of decoration a symmetry which gives harmony to tlie whole, con- 
sidered by itself, and not less so when considered in relation to the mass of which it is 
cue crown. The great superiority of this cupola over all others is visible in another point 
or view, which we shall more particularly notice in the account of St Paul’s in a sub- 
sequent page ; it is that the same masonry serves for the exterior as well as the interior 
whereby an immense additional effect is gained in surveying it from the inside. All is 
fair ; there is no masking, as in other cupolas that followed it 

.341. Whatever opinions may be formed on the other works of Michael Angelo no 
difference can exist respecting the cupola of St Peter’s. “Si tout,” observes *De 
Quincy, “ ce qui avait hi fait et pense, ou projet^ avant lui, en ce genre, ne peut lui 
disputer le prix de I’invention et de I’originalite, et ne peut servir qu’A marquer la 
hauteur de son genie, il nous semble que les nombreuses coupoles 41ev4e8 dans toute 
I’Europe depuis lui et d’apr^ lui, ne doivent se consid^rer encore que comme autant 
d’whelons, propres a faire mieux sentir et mesurer sa superiority.” The bunglinir of Carlo 
Maderno at St Peter’s is much to be regretted. The arches he added to the nave are 
sillier in dimensions than those which had been brought up immediately adjoininir the 
piers of the cupola; and, wliat is still more unpardonable, the part which he added to the 
nave IS not in a continued line witli the other work, hut inclines above 3 ft. to the north • 
in other word., ^e. church u not straight, end that to such an extent as to strike ever# 
.educated eye Ills taste, moreover, was exceedingly bad. ^ 
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34S, In the principal churches of Rome there is great similarity of plan ; they usually 
consist of a nave and side aisles, in which latter, chapels are ranged along the sides, llie 
separation of the nave and aisles is effected by arcades. The transepts are not mucli 
extended, and over the intersection of them with the nave and choir a cupola generally rises. 
The chapels of the Virgin and of the Holy Sacrament are commonly in the transepts ; 
and the great altar is at the end of the choir, which usually terminates semicircularly on 
the plan. Unlike those of the Florentine school, the interiors of the Roman churches 
are decorated to excess. Pictures, mosaics, and marbles of every variety line the wnlU 
A profusion of gilding imparts to them a richness of tone, and the architectural details 
are often in the highest state of enrichment. They are, indeed, temples worthy of the 
worship of the Deity. Yet, with all this magnificence, the facades are often mean ; and 
when a display of architecture is exhibited in them, it is produced by abuses of the worst 
class. They are generally mere masks ; for between the architecture of these fiilse fronts 
and that of the interior there is no architectural connection. In very many instances the 
tides of the churches are actually hidden by adjacent buildings, so that they are altogether 
unseen ; a circumstance which may have conduced to the repetition of tlie abuse. Faulty, 
However, as these edifices are, to them is Europe indebted as models, which have in 
modern times been more purified. We have not space to enumerate or criticise the 
churches with which Rome abounds. St. Carlo on the Corso, by Onorio Langhi, is a fine 
example of them, and gives a fair notion of the general distribution we have described. 
Those of a later date, especially those by Borromini, may be considered as indices rerum 
vitandarum in architecture ; and though we are, perhaps, from the cupidity of upholsterers 
and house decorators, likely to be doomed to sit in rooms stuffed with the absurdities of 
the taste prevalent in the time of Louis XV., we can hardly conceive it necessary in these 
days to recommend the student's abhorrence of such freaks of plan and elevation as are to 
be found in the church of St. Carlo alle quattro Fontane, by that architect. 

343. The palaces of Rome are among the finest architectural works in Europe; and of 
those in Rome, as we have before observed, none equals the Farnese, whose fa9ade is 
^iven in Jig, 169. “ Ce vaste palais Farnese, qui a tout prendre, pour la grandeur 
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do la masse, la regularity de son ensemble, et Texcellence de son architecture, a tenu 
jus<ju’ici, dans Topinion des artistes, le premier rang entre tons les palais qu'on renomme," 
is the general description of it by De Quincy, upon whom we have drawn largely, and must 
continue to do so. This edifice, by San Gallo, forms a quadrangle of 256 ft. by 185 ft. 
It is constructed of brick, with the exception of the dressings of the doors and windows, 
the quoins of the fronts, and the entablature and loggia in the Strada Giulia, which are of 
travertine stone. Of the same stone, beautifully wrought, is the interiof of the court. 
The building consists of three stories, including that on the ground, which, in the elevations 
or fa 9 ades, are separated by impost cornices. The only break in its symmetry and sim- 
plicity occurs in the loggia, placed in the centre of the first story, which connects the 
windows on each side of it by four columns. On the ground story the windows are decorated 
with square-headed dressings of extremely simple design ; in the next story they are flanked 
by columns, whose entablatures are crowned alternately with triangular and circular 
pediments ; and in the third story are circular-headed windows, crownt^ throughout with 
triangular pediments. 'The taste in which these last is composed is not so good as the 
rest, though they west probably the work of Michael Angelo, ^ whose cornice to the edifice 
Vasari observes, ** & stupendissimo il corniocione xnaggiore del medesimo palaiao nelU 
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IldeiMft UltnuusU wi pot^ndo alcuna € 0 <ui ne ptSi bolla Ine pii\ magnified de«idmre.” 
Th« ikpada toaravfla tha &rada Giulia is different from the other fronts in the centre only, 
arherein there are three stories of arcades io the loggia, each of whose piers are decorated 
,with columns of the Doric, Ionic, |Utd Corinthian orders in the respective stories as they 
fise, and tliese in form and dimensions correspond with the three ranks of arcades towards 
the court. It appears probable that this central arrangement was not in the original 
design of San Gallo, but introduced when the third story was completed. Magnificent as 
from its ^mplicity and iymmetry is the exterior of this palace, which, os De Quincy observes, 
** est tirt Edifice toujours digne d’etre le sejour d*un prince,” yet does it not exceed the beauty 
of the interior. 'ITie quadrangle of the court is 88 ft. square between tile columns of 
the oreadea, and is composed with three stories, in which the central arrangement above 
mentioned towards the Strada Giulia is repeated on the two lower stories, over the upper 
whereof is a solid wall pierced in the windows. The piers of the lower arcade are orna- 
mented with Dorio columns, whose entablature is charged with triglyphs in its frieze, and 
its tn^||||ltc are sculptured with various symbols. The imposts of the piers are very 
finel^HIbiilcd, so as to form the entablatures when continued over the columns of the 
entraiim vestlluilc. In tlie Ionic arcade, over this, the frieze of the order is decorated 
with ai|tries of fbstouns. The distribution of the different apartments and passage is 
well contrived. AH about the building is on a scale of great grandeur. Though long 
unocctiptedt and a large portion of its internal ornaments has disappeared, it still com- 
mands our admiration in the Cairacci Gallery, which has continued to serve as a model 
for all subsequent works of the kind. Tlie architecture of the Farnese palace, more 
especially as respects the arcades of its court, is the most perfect adaptation of ancient ar- 
rangement to more snodern habits that has ever been designed. We here allude more 
particularly to the arcades, upon whose piers orders of columns are introduced. Thit 
species of composition, heavier, doubtless, less elegant, yet more solid than simjiie colon* 
iLsdes, is, on the lost account, preferable to them, where several stoi ies rise above one 
another. The idea was, ecrtainly, conceived from tlie practice in the ancient theatres and 
amphitheatres ; and in its application at the Farnese palace rivals m beauty all that 
antiquity makes us in its remains acquainted with. San Gallo, its architect, died in 154f). 

344, It would be^ impossible here to enumerate the palaces with which Rome abounds ; 
but we must mention another, that of St. Giovanni Latcrano, by Domenico Fontana, 
as a very beautiful specimen of the palatial style. Mili/ia censures the detail of this edifice, 
and there is some truth in liisslbscrvations in that respect ; but the composition is so simple 
and grand, and the cornice crowns it with so much majesty, that the detail is forgotten in 
tlie general effect, and its architect well deserves the rank of a grc.it artist. 

.345, The villas, OccUi d' Italia^ as they have been called, round the suhiubs of Rome, 
are in a style far lighter than the palaces whereof we have just been speaking. They are 
the original models of the modern country houses of this island, and exhibit great skill in 
their plans and elegance in their facades. Generally they rose from tlie ’•iches and taste ol 
a few cardinals, who studded the environs of the Eternal City witli some of the f.iiiest gems 
of the art. MM. Percier and Fontaine published a collection of them at P.iris, fiom 
which we extract the Villa Pia {fig. 170.). It was designed by Piiro Ligoi io, a Neapolit.m 
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firoliUect, wIk) died in I5AO and is thus described by tlie autlion whose view of it we have 
borrowed. “ It was built/' say they, “ in imitatioii of tJie houses of tlie ancients, whidi 
Ligorio liad particularly studi^. This clever artist, who to his talent as an architect 
|oined the inforraathm of a learned antiquary, here threw into a small space every thing 
that could contrfttdtibjito render it a delightful dwelling. In the midst of verdant thickets, 
and in the centre of an amphitheatre of flowers, he constructed an open lodge, decorated 
with stuccoes and agreeable pictures. The lodge is raised upon a base, bathed by the water 
Ilf a basin, enclosed with marbles, fountains, statues, and vases. Two flights of steps, 
which lead to landings sheltered by walls ornamented with niches and seats of marble, offer 
protection from the sun’s rays by the trees that rise above them. Two porticoes, whose 
interior walls are covered with stuccoes, lead on each side to a court paved in mosaic work. 
This is enclosed by a wall, round which seats are disposed. Here is a fountain spouting 
up from the centre of a va.se of precious marble. At the end of the court facing the lodge 
sn o))en vestibule, supported by columns, fronts the ground floor cf the principal pavilion ; 
and is decorated with mosaics, stuccoes, and bassi-rclievi of beautiful design. Tlie apartments 
an the first floor are ornamented with fine pictures. Finally, from the summit of a small 
tower, which rises above the building, the view extends over the gardens of the Vatican, and 
the plains through which the Tiber takes its course, and the splendid edifices of Home.” 
For further information on the Homan villas, we refer the reader to the work we have 
quoted. 

346. The Homan school of architecture, founded by Bramante, includes San Gallo, 
Buonarroti, Sansovino, Peruzzi, Vignola (whose extraordinary jialace at Caprarola de- 
serves the study of every architect), and many others. It ends with Domenico Fontana, 
the period of its duration being from 1470 to 1607, or little more than 130 years. 

347. Before we proceed to the Venetian school, it will, however, be proper to notice 
two architects, whose works tended to change much for the worse the architecture of 
their time ; we mean Borromini and Bernini, though the latter was certainly purer in his 
taste than the former. Borromini, whose example in his art was followed throughout 
Kurope, and w1k>, even in the present day, has his returning admirers, was the father of all 
modern abuses in architecture ; and the reader must on no account confound his works with 
those of the Homan school, which had ceased nearly half a century before the native of 
Bissona had liegun to practise. He inverted the whole system of Greek and Homan 
architecture, without replacing it by a substitute. He saw that its leading forms, sprung 
from a primitive type, were, by an imitation more or less rigorous, subjected to the prin- 
ciples of the model from which its order and arrangement emanated. He formed the 
project of annihilating all idea of a model, all principles of imitation, all plea for order and 
proportion. For the restriction in the art resultant from the happy Action, or perhaps 
reality of a type, one whose tendency was to restrain it within the bounds of reason, he 
substituted the anarchy of imagination and fancy, and an unlimited flight into all species of 
caprice. Undulating flexibility supplanted all regularity of form ; contours of the most 
grotesque description succeeded to right lines ; the severe architrave and entablature were 
bent to keep up the strange delusion ; all species of curves were adopted in his operations, 
and the angles of his buildings were perplexed with an infinite number of breaks. What 
makes this pretended system of novelty more absurd is (and we are glad to have the oppor- 
tunity here of observing that tlie remarks we are making are applicable to the present 
fashionable folly of decorating rooms d la Louts XIV, and XV, \ that its only novelty was 
the disorder it introduced, for Borromini did not invent a single fbrm. He was not scru- 
pulous in retaining all the parts which were indicated by imitating the type ; he decom- 
posed some, transposed others, and usually employed each member in a situation directly 
the reverse of its proper place, and, indeed, just where it never would be naturally placed. 
Thus, for example, to a part or ornament naturally weak, he would assign the office of 
supporting some gpreat weight ; whilst to one actually capable of receiving a great load, he 
would assign no office whatever. With him every thing seems to have gone by contraries; 
and to give truth the appearance of Action, and the converse, seems to have been his greatest 
delight. Out of all this arose a constant necessity for contrivance, which marked Borromini 
as a skilful constructor, in which respect he attained to an extraordinary degree of intelli- 
gence. It seems, however, not improbable that one of his great objects in studying con- 
struction was, that he might have greater facility in carrying his curious conceits into 
execution ; for it may be taken almost as an axiom in architecture, so great is the relation 
between them, that simple forms and solid construction are almost inseparable ; and it is 
only necessary to have recourse to extraordinary expedients in construction when our pro- 
ductions result from an unrestrained imagination. Further notice of this architect is not 
necessary ; one of his most celebrated works b the restoratioh of the church of St 
Giovanni Lateraiio, after St. Peter's, the greatest in Rome. His purest work is the 
church of StAgnese; whilst that of 1^. Carlo alle quattro fontanc, which we have here- 
tofore noticed, is the most bizarre, Borromini died in 1667. 

348. Bernini, the other artist whom we have mentioned, was equally painter, sculptor. 
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; hit pimclpal worV U the colonnade in front of St. Peter’s. He waS, notwith* 
ding the Abuses to be found in his works* a man of great talent In their general 
dtrangfemoAt his buildings are good and harmonious ; Ids profiles are graceful; hU orna* 
tnents, though sometimes profuse* are usually elegant B^ini* howorer, was no check 
il^ofi the pernicious character of his cotemporary lh>rromini ; instead, indeed* of relieving 
A^lteCture of some of her abuses* he encumbered her with fi^h ones. He was also fond 
Af broken pediments* and of placing them in improper situations. He employed undulations* 
projections innumerable, and intermixtures of right lines with curves; for beautiful simplicity' 
he sulistituted elegant fancy; and is to be imitated or admired by the student no farther 
than lie followed nature and reason. He made some designs for the Louvre at Paris, which 
are exceedingly good. His death occurred in 1680. 

349. 8 . 7 'Ac Venetian School is characterised by its lightness and elegance; by the con- 
venient; distribution it displays •* and by the abundant* perhaps exuberant* use of columns, 
pilasters* and arcades* which enter into its composition. Like its sister school of painting, 
its address, is more to the senses than is the case with those we have just quitted. We 
have already given an account of the church of St. Mark, in the 12th century; from 
bhich period, as the republic rose into importance by its arms and commerce, its arts were 
destined to an equally brilliant career. Ibe possession in its provinces of some fine monu- 
ments of antiquity* as well as its early acquaintance with Greece, would, of course* work 
beneficially for the advancement of its architecture. Tliat species of luxury* the natural^ 
result of a desire on the part of individuals to perpetuate their names through the medium 
of th^ir habitations, though not productive of works on a grand or monumental scale* leads* 
lA a democracy (as were the states of Venice)* to a very general display of moderately 
splendid and elegant palaces. Hence th.; extraordinary numlier of specimens of the 
building art supplied by the Venetian school. 

^ 350. San Micheli, who was born in 1484, may, with propriety* be called its founder. 
Having visited Home at the early age of sixteen for the purpose of studying its ancient 
xhonuments of art, and haying in that city found much employment* he, after many years 
of absence, -•eturned to his native country. Tlie mode in which he combined pure and 
beautiful architecture with the requisites called for in fortifications may be seen displayed 
to great advantage at Verona, in which city the Porta dell PaUlo is an instance of his 
wonderful ingenuity and taste. But his most admired works are his palaces at Verona ; 
though, perhaps, that of the Grlmani family at Venice is his most magnificent production! 
The general style of composition, very different from that of the palaces of Florence ano 
Rome* is marked by the use of a basement of rustic work, wlierefrom an order rises, often with 
arched windows, in which he greatly delighted, and these were connected with the order after 
the manner of an arcade, the whole being crowned with the proper entablature. As an 
if ample, we give, in 17 1., the fa 9 ade of the Pompei palace at Veiona. The genius of 
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I Micheli wm of the very higlieet order ; his works are as conspicuous for excellent ton. 
“‘hey wefor conven^ee. unity, harmony, and simplicity, which threw into 
«Mde Me mmor abuses occasionally found m them. If he had no other teatimonv. it would 
be aufflewnt to say, tliat for his taJents he was held in great esteem >y Michael Aiieelo • 
our advice to the student would be to study his mrlu with diligence. San Mwlieli 
himaelf with gr«t ardour to the piaetice of mUiUry arcliiteoture ; and thouirh tla^ 
invMktum WM not for a long tuna afterwards asogned to him, be was tba author ff tlie 
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uteil by Vadliaii aad hiiaclionl, wito, for a long period, dqiriveil him of tlie credit <tf ||» 
4i«fbre bitn all tba ramparts of a fortification were round or square. He introdue^ a neW 
iqethod, 4nventif^ the triangular and pentangular bastion, with plain fosses, flaalts, and 
fquare bailes, which doubled the support ; i he moreover not only flanked the curtain, but 
gll the /ossd, to tlie next bastion, the covered way, and^, glacis. Tbe mystery pf t^is art 
consisted in defending every part of tlie inclosure by^ the flank of a bastion ; hence, 
making it round or squkre, the front of^it, that is, the space wbicli remains in the triangle, 
wliich was 'before undefended, was by San ISlicheli provided against. We cannot, 
itowever, further proceed on tins subiect, which belongs to military, which at that period 
was intimately connected with civil ‘architecture. Tlie Porta del Pallia at Verona has 
btien mentioned ; that city, however, contains another gate of great architectural merit by tliis 
master, the Porta NaovOf a square edifice, supported within by a number of piers of stone, 
with enclosures or apartments Tor the guards, artillery, &c.' The proportions, as a wliole, 
pleasing ; it is of the Doric, order, devoid of all extraneous ornament, solid, strong, and 
suitable to the purpos^ of the buildingi Except in tlie middle gate and the architectural 
purts^ the work is rusticated. iTlie exterior fayade stands on a wall, with two large pyra- 
Inidal pilasters of n^arble ristog from the bottom of the fosse ; at the top are two round 
enclosures approaching almost to tower! In tlie interior, to the two gates near the angles 
are corresponding long passages, vaillted, leading to a number of subterraneous galleries 
and rooms. .For beauty, however, we do not think this gate so beautiful as that of del Fallio, 
jvhich we here give 172.)., But the gem of this great master is the little circular 



chapel at San Bernardino, whose beauty, we think, has scarcely ever been surpassed, and 
which exhibits, in a striking degree, the early perfection of the Venetian school. It was not 
finished under San Micbeli, and blemishes are to be found in it ; it is nevertheless an exqui- 
site production, and, lb a surprisingly small space, exhibits a refinement which elsewhere we 
fcarcely know equalled. ‘ The works which he designed surpass, we believe, in number 
Chose of all the masters of Italy, Palladio, perhaps, excepted. He gave a tone to his art 
in the Venetian states, which endured for a considerable period. His death occurred in 
1549 . ... 

35 1. Contemporary with Jtt^icheli, was another extraordinary genius of this school, 
(wrn at Florence, — Jacopo^^VKt by name, but more usually called Sansovino, from the 
TOuntry of his master, AndrUr Contucci di Monte Sansovino. Such was the respect for 
Chis artist in Venice, his adopted city, that at a moment when it became necessary to raise 
by means of taxation a large sum on the citizens, tlie senate made a special exemption in 
flivour of him and Utian. Ibe Homan school might lay claim to him, if the works he 
executed at Home, and not his style, would justify it ; but that is so marked, so tinctured 
with the system of arcades with orders, its distinguishing feature, that an inspect ion of 
his works will immediately satisfy even a superfleial observer. He was a great master of 
his art ; and though he does not in so great a degree appear to have profited by the ex- 
amples of antiquity as tlie architect last named, he has left behind buildings, which, for 
picturesque effect, leave him little inferior in our rating. He was the architect of the 
^rary of St Mark at Venice, a portion whereof is given in yfp. 173. ; a building of 
^otde design, notwithstanding the improprieties with which it is replete. It consists of 
two Ofrders ; ''the lower one of highly ornamented Doric, and the upper one Ionic and very 
^lllcrfuHn dtfect. Of both these orders, as will be seen in the figure, the entablatures are 
ofinordiitate cOmpamtive Height. The upper one was expressly so set out for the purpose 
of exhibiting tbe beautiful sculptures with which it is decorated. The cornice is crowned 
drith i balustrade, qn whose piers statues were placed by the ablest scholars of Sansovino. 
A portico occupies the ground floor, which is raised three steps from the level of tiie 
piazSa. THis Mi'fico^ consists of twenty-onC arcades, whose piers are decorated with 
wllimns.' n tbe interior are arches corresponding to tlie external ones, sixteen whereof, 
with their interna! apartments, srtf^ appropriated for shops* Opposite the centre arch is a 
fnagniiicent staircase leading to the halt beyond wbiOh is the library of St. Mark. Tlie 
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Aults of tills buildioiir* 
very niany, sre lost in its gmc< 
and elefuiee, and it u perhept 
the chef d’oeuvre of the master. 
Whilst Sansovino was engage^ 
on it he propounded an archi* 
tectural problem, which re- 
minds us very much of the egg 
of Columbus ; ** How can the 
exact half of a metope be so 
contrived as to stand on the 
external angle of the Doric 
frieze ? Tlie solution, clumsy 
as that of the navigator with 
his egg, practised in this build- 
ing, is, however, a bungling 
absurdity ; namely, that 
lengthening the frieze just so 
much as is necessary to make 
out the deficiency. Sansovino 
was invited to pass into Francet 
where he gave some designs, 
which tended to the advance- 
ment of the art in that coun- 
try. On his return he built 
the Zecca, or mint, one of his 
finest works. Another of his 
extraordinary productions is 
the palace of the Comari, on the 
Grand Canal at San Maurizio. 
Fis.178. I'hg church of San Fantino, 

among the finest of Venice, is also by him ; as is that of San Martino and many others. 
Jacopo was fertile in invention ; his architecture was full of grace and elegance ; but he 
was deficient in a thorough knowledge of construction, which, in the library of St. Mark, 
brought him into disgrace, of which, from all accounts, the builders ought to have suffered 
the principal share. He continually introduced the orders, and especially the Doric and 
Composite. The members of his entablatures were much sculptured ; but his ornaments 
were extremely suitable iind correct. In statues and bassi relievi he greatly indulged, thereby 
adding considerably to the effect and majesty of his buildings. Scamozzi mentions a 
work by him on the construction of floors, and particularly describes a method adopted 
by him for preventing dust falling through the joints of the boards. The work has l>een 
lost Sansovino died in 1570. 

3S2. After such artists as San Michcli and Sansovino, it would have seemed to an ordinary 
mind difficult to have invented new forms, or rather so to IMM modifled the old ones as to 
be original. Andrea Falladio, however, not only knew hov^Wbe original, but to leave hit 
works as models for the countries of Europe, in which the style which bears his name has 
had no rival ; so true is it, in all the arts, that there is always room to be found for a man 
on whom nature has bestowed the faculty of seeing, feeling, and thinking for himself. In 
the case of the architect something more than genius is necessary : it is requisite that cir- 
cumstances should exist by which his art may be developed, or, in other words, that what 
he is cap.Mble of producing may at the time be suitable to the wants of society. Such 
circumstances existed for a long period in Italy, where, up to the time at which we are 
arrived, the rich and great had been contending with the governments which should be 
the greatest patrons of the art. Hence sprung tlie multitude of extraordinary works in 
the country named, which still point out the greatness in art at which it had arrived, when 
it was one of the really necessary arts. Neither in the Venetian states, nor at the time 
when he rose into reputation, which was about the middle of the sixteenth century, had 
Palladio that opportunity of signalising himself which had occurred to many former 
mastcra Venice had risen into power and wealth by its arms and commerce ; was the 
natural protcctrix of the art ; and although the works she required were not on scales of 
the grandest dimensions, yet those which her citizens required kept pace in luxury with the 
increasing wealth of the ffunilies by whom they were required. This was the career open 
to the genius of Palladio. Architecture in these states was not called upon to fornix 
churches of colossal dimensions, nor palaces for sovereigns, nor immense publie monu- 
ments left for posterity to finish. Ibe political sfote of the country, very luckily fot 
his talents, furnished a numerous cliw of citUent wi^LOontended which sliould procure for 
himself the aid of tills great man in rearing a vUlaler palace, and whioli might serve the 
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ilouble purpose of a present dwelling for, and a future memoHat o( bis ramily, — a passioi 
that eovereid the luuiks of the Brenta with edifices which, of their class, form a eompleti 
school of civil architecture. 

.S5d. The taste of Palladio was tempered by the care he bestowed on accommodating ex- 
terior l)eauty to interior convenience, and by suiting the art to the wants of persons wifi] 
moderate means, through the medium of greatness without great dimensions, and richness 
of effect without great outlay. In the imitation, or rather appropriation, of the architecture 
of tite ancients, none of his predecessors of any of the schools hud so luckily hit on that just 
medium of exactness without pedantry, of severity without harshness, of Iil>erty withou* 
licentiousness, which have since made the architecture of ancient Greece popular, and so 
modified it as to be practicable and convenient in all countries. We here speak, of course, 
of the elements, and not the combinations, of Greek art, and of it changed by a passage 
through an intermediate state during the existence of the Roman empire. No architect can 
consider himself thoroughly educated who has not studied the works of Palladio. “ Dc 
fait,'* says De Quincy, in his Life of this architect, ** il n'est point d'architecte qui, apr^ 
avoir form^ ou r^form6 son style sur Ics grands modeles de Tart des anciens, et des premiers 
maitres de Tltalie moderne, ne se croie pas oblige d'aller encore dtudier dans la patrie et 
Ics oeuvres de Palladio, un genre d'applications plus usuelles, et plus en rapport avec I'etat 
de nos mceurs ; e'est-a-dire, le secret d’accommoder tour-a-tour, et nos hesoins aux plaisirs 
d'une belle architecture, et Tagr^mcnt de celle-ci aux sujetions que de nouveau x besoins 
lui imposent." It was from the peculiar properties of Palladio's taste and style, suited a.'. 
they are to more moderate fortunes, that they found in England a secona native country 
(if such an expression may be allowed), where Inigo Jones, Wren, Gibbs, Taylor, Cham- 
bers, and many others, have naturalised the plans, facades, distribution, and details which 
were originally planted in the provinces of the Venetian republic. Indeed, the style of 
Palladio could not be prevented from spreading through Europe, as a mean between 
the severe use of ancient forms and the licentious style of those who reject all rules 
whatever. The buildings by him exhibit great good sense, simple means of accom- 
plishing the end, a satisfactory agreement between the demands of necessity and pleasure, 
and such an harmony between them that it is hard to determine which has submitted to 
the other. The interior distribution of his palaces and villas in respect of plan would, 
without considerable modiffcation, be but ill suited to modem habits. We give, in 174. 
(see next page)^ a plan and elevation of the Villa Capra, one of his most celebrated works ol 
that class. Convenience changes as the mode of life varies ; iqitod » except in a private build- 
ing of large extent, the large quadrangular court of of ludy is here unknown. 

Palladio’s plans, however, were convenient to those foPMHFthcy were executed ; and in 
that way they must be judged. With his eyes constantly turned to the practice and detail 
of the ancients, he acquired a bold, simple, and agreeable style ; and, his churches excepted, 
the beauties of the master are to be sought in his facades, and the quadrangles of his palaces. 
Pedestals, either with panels or raisings, were always avoided by him ; his architraves were 
rarely sculptured ; and the upper ornaments of his entablatures were always carefully 
centred above each other. His doors, windows, and niches are composed witli great 
simplicity ; and pediments, when used, are unbroken. In the members of his cornices he 
never lost sight of the character of the order employed, and was extremely particular in 
duly adjusting its profiles. He, however, did not scruple to vary the proportions of an 
order according to the nature of the building to which it was applied ; and in the propor- 
tions of his churches and apartments he seems to have delighted, as afterwards did Sir 
Christopher Wren, in arithmetical, geometrical, and hannonic proportions. 'I'huugh ex. 
tremely partial to the use of the Ionic order, yet the others were not unfrequently used by 
him. His Corinthian capital is not to be praised ; it is profiled very clumsily, and ought 
not to be followed. The domes which he erected are almost invariably hemispherical. 
It is not to be supposed that his buildings are perfect, though they approach perfection ; 
but it is more than probable that many of the abuses we see in them arose either from 
want of sufficient superintendence, the number he designed being very great, or that they 
were introduced after his death. This, we think, may be safely assumed, because the 
instructions in his work on architecture are very peremptory on the subject of abuses. 
So well based upon the practice of the ancients does the style of our master appear to be, that 
it is, with but few modifications, suited to all nations, and just such as the ancients themselves 
would have adopted. ** Les fermes," observes Le Grand in his parall^le, ** que dirigeait 
Palladio et qu'il couvralt de tuiles on d’un chaume rustique, I’emportent de beaucoup sur 
les p^ais somptueux de Borromini, ou sur les riches et bixarres productions de Guarino 
Gtiarini." Certain, indeed, it is that simplicity, unity, and style are more powerful means 
of producing grandeur, than great volume or large masses unskilfully handled. A fine in- 
stance of this is seen in the of the Thiene palace at Vicenxa, Jig, 175. ( See next page . ) 

Ji54,ytbe number of palaces and villas with which I’alladio enriched the Venetian and 
Vicenttne territories is almost inerfdHile: the variety of plan and elevation in them seems 
as inexhaustible as their numl>ei^* , the buildings above referred to may be added the 
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CarttI at Vanlee* which ts a lovely .specimen of his style. His grandest church Is tliat Del 
Kedentore at Venice. Generally in the f^ades of his churches there are ahuaes» whereof it is 
warcely credible he would have been guilty s such are the two half pediments in the church 
we have just mentioned. The theatre built upon the ancient model for the Olympic 
Academy at Vicensa gained great reputation for him. Palladio died in 158a 
f I95A* The last arcmtect of the Venetian school who obtained celebrity was Vincenzo 
ScamozzL The son of an architect, and bom in a country which had bec^e the nursery 
of the art, his powers were exhibited at an early age. Like Palladio and other grear 
masters, he selected for his principal guides the antiquities of the Eternal City, and the 
precepts of Vitruvius, whose work at that period was considered of high importance, ||kan 
truth it really was. There is no doubt that Scamozzi was much in£}bted to the 
of Palladio, although he affected occasionally to decry them ; but, in opposition to De 
Quincy, we think that his style is more founded on that of San Micheli or Sansovino. 
I'his is, however, of little importance ; for his natural talents were of a very high order. 
At a very early period of his fveer, so great was his reputation that he was employed by 
the canons of Salvadore in opening the lantern to the cupola of their church ; a task in 
which it appears that he acquitt^ himself with great ability. For the upper order of the 
Procurazte Nuove at Venice he has often been unjustly reproached, because he did not^ 
confine himself to two stories, so as to complete the design of Sansovino, llie design of 
Scamozzi, had it been continued in the Piazza San Marco, would have placed in the hack 
ground every other piazza in Europe. The two lower stories of the Procurazie Nuove 
are similar in design to the Library of & Marco; and it is greatly to be regretted that 
Scamozzi was so much otherwise occupied that he had not the opportunity of watching 
the whole of its execution, which would have extended to thirty arcades, whose whole 
length would have been 426 feet Scamozzi only superintended the first thirteeen ; tl»o 
three built by Sansovino excepted, the rest were trusted to the care of builders rather thaq 
artists, and, from the little attention bestowed upon preserving the profiles, exhibit a neg- 
ligence which indicates a decline in the arts at Venice. Scamozzi is placed in the first 
rank as an architect by his design for the cathedral at Saltzburg, whitht‘» he was invited by 
the archbishop of the see. This church, which was not completed till after his death in 
1616 , is 454 ft. long, and 329 ft. wide, being in the form of a Latin cross on the plan, over 
whose centre a cupola rises. The distribution of the interior is with a nave and two side 
aisles; the former whereof is 64 ft. wide, and 107 ft. high. Scamozzi's employment 
was very extended, and his country has to lament it ; for fewer commissions would have 
insured greater perfection in their execution, which, in those that exists Is often unworthy 
of the name of the master. Scamozzi published a work on4he art, which will be found in 
our list of authors at the end of this work. He died in 1616. 

356. Besides Giovanni da Ponte and Alessandro Vittoria, the Venetian school contains the 
names of few more than those we have named : they appear to have commanded the whole 
uf the employ of the states and neighbourhood of Venice for a period of about 110 years, 
ending in 1616. When, however, it no longer continued to grow and fiourith in its native 
Soil, its scions, grafted throughout Europe, spreading their branches in every country, 
prospered wherever they appeared. On the former of the ‘two Architects just named, a few 
observations are necessary. He died in 1597, at the age.of eighty*five years. Principally 
occupied in the reparation and re-estahlisbment of the buildings of the city that had fallen 
into decay, he was nevertheless engaged on some considenible works ; among which ^ as 
the great hall of the arsenal at Venice, 966 feet long, and the more celebrated work of the 
liialto Brid^, whence he obtained the sobriquet Da Ponte, and for the execution whereof 
he competed with Palladio and Scamozzi. The span of the single arch of which the work 
consists is about 72 ft., and the thickness of the arch stones about 4 ft. 4 in. It is seg* 
mental, and the height from the level of the water is about 22 ft. 9 in. The width of the 
bridge is equal to the span of the arch, and this width is divided longitudinally into five 
divisions, that is, into three streets or passages, and two rows of shops. The middle street 
or passage is 21 ft. 8 in. wide, and the two side ones near 11 ft. The number of shops on 
it is twentyofoui*. The last work of Da Ponte was the construction of the prisons away 
from the ducal palace. This edifice is a quadrilateral building, with a portico of seven 
arcades A story rises out of it pierced by seven great windows decorated with pediments 
and it is joined to the {Palace by the bridge so well known under the name of // Ponte dei 
Soipiri, The work was not carried to oompletion during Giovannis life, but was finlslied 
by his nephew Contino. In his church on the Grand Canal, constructed for the nuns of 
Santa Croce, there is little merit except that of solidity ; indeed, he does not appear to 
have poascMed much taste, as may be inferred from the two ranks of columns in the hall of 
tile arsenal above mentioned which oannot be siud to belong to any of the species of co> 
iumns usually employed. iTie solid eharacter of the great prison is appropriate, and more 
in consonance with the rules of the aft 



HISTORY OF ARCBITRCTURE. 


’BoMt 


IM 


S«CT. XVII. 

rRCNCH ARCHITICTVRS. 

357. llie architecture of Europe from the middle of the sixteenth century was founded 
on that of Italy. Of its value, the French and the English neem to have a stronger per- 
ception than the rest of the nations. We shall therefore now consider the arcliitecture oi 
France : that of England from a much earlier date will be separately considered in the 
sufiaeding chapter, l^hilibert Delorme was among the first of the architects of France 
who promoted a taste for good architecture; and though in some respects he may have been 
surpassed by other artists of his time, in others, whether connected with theory or practice,! 
ho has left his rivals a great distance behind him. Although he might not have had the 
purity of detail of Jean Bullant, nor the richness of invention and execution of P. Lt^ot, 
lie has acquired by his talent in construction a reputation which has survi\ed his buildings. 
The Queen Catherine of Medicis having resolved upon the construction of a palace at Paris, 
which should far surpass all tliat had previously been done in France, lesolved upon placing 
it on a spot then occupied by some tile kilns (Tuileries) in tlic faubourg St. Honore, and 
committed the design and erection to Delorme. It is, however, contended by some that 
Jean Bullant was joined with him in the commission. If that was really the case, it is 
probable that the labours of the latter were confined to details of ornament and execution, 
rather than to the general design and disposition. What, if it was so, belonged to each 
is not now to he discovered ; but the genius of Delorme has survived all the revolutions 
the celebrated building in question has undergone, Catherine seems not to have been 
satisfied with the works ; for she appears to have l»egim another jialace on the site of the 
Hotel Soissons, tliat of the present lldpe an Bleds, and to have entrusted this to the care of 
Jean Bullant. That of the Tuileries was in the end continued by Henri IV.; enlarged by 
Louis XI II. on the same line, after the designs of Du Cerceau.with two main bodies and two 
composite paviliUNiiii all which were in the time of Louis XIV. afterwards brought 
together by the ^dtesfgiis of I.cveau and Dorbay, In the centre pavilion all that now 
remains of Delorme’s work is the lower order of Ionic columns. This morsel of Delorme 
exhibits a good Ionic profile in the order, and is one of his best works. Generally speaking, 
the profiles of this master, which Chumbrai has admitted into his Parall^lt^ make one ac- 
knowledge the justice of that author’s observation, that he had “ un pen trop vu les plus 
belles clioses de Home, avec des yeux encore preoccupes du style Gothique. Le talent dc 
cet nrcliitecte consistait principalement dans la conduite d'un batiment, et de \rai il itait 
plus consomm6 en la eonnaissance et la coupe des pierres (|ue duns la composition des 
ordres ; aussi en a-t-il ecrit plus ntilement et bien plus an long." Delorme was the 
author of two works on architecture: one, Un TnM^omjiii'tede V 4/t de liatir^ on architecture 
generally, the other, Nouveltes Inrenthns pour h^%dtu et d pititsfr uis. The last relates 
more especially to a practice in carpentry, which, on the Continent, has been put into 
cxeeuMou with great huccess, ns pinvciple being still constantly applied. Tlie method 
of caipentry invented by Delorme, and which still goes in France by his name, consists ir 
•ubstitutmg for the ordinary lystein of framing and rafters, curved ribs, in two thicknesses, 
of any sort of timber, three or four feet long, and one foot wide, of an inch in tliickness, and 
which are connected in section and tie according to the form of the curve, whether pointed, 
semicircular, or segmental. 'Hiese arches, in order to lie strong and solid, sliould be hxed 
at their feet on plates of timber framed together, lying very level on the extcinal walls; 
and the planks which are to form the principal curve are to Im* placed accurately upright 
on their ends, in which situation they may Iw* kept by braces morticed into them at con- 
venient distances, and retained in (heir places by wedges, for it is essential to the stringth 
of this species of carpentry that it should be kept in a vertical position. In this eountiy 
the species of carpentry just mentioned has never been practised to the extent it deserves. 
Delorme died in 1570. With him was cotemporary Jean Bullant, whose name has been 
just mentioned, and who, whilst San Gallo was occupied on the Fala/zo Farnese, was 
raising the Chateau d’Ecouen, in which the prelude to good taste is manifest, and in whose 
details are exhibited the work of an architect very far advanced above his time, and capable 
of raising the art to a much liigher pitch of excellence tlian it enjoyed, had not the habits 
of the nation restrained him in his useful course. A considerable portion of the facade of 
the Tuileries towards the Carousel is suspected to have been the work of Bullant ; hut the 
chfiteau of Ecouon, built, or rather begun, al>out IJ-IO, for the constable Montmorency, was 
almost the first step to the estalilishment of pure architecture in France, atid its architect 
auly fairly be named the Inigo Jones of the French 

558. By the wars in Italy under Charles VI IL, I^vuis XII., and Francis I., the French 
ha4 t>ecome intimately ac(|uaiiited with the architecture of Italy, and the taste of tlie 
monih*ch last named induced him to bring from that country* some of their most celebrated 
artists ; so that in France there was almost a- colony of them. Among them, fortunately 
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fbr the qmelcer working of good taste, was tRe celebrated Vignola, who resided in France 
many years ; a circumstance which may, with some probability, account for the high esteem 
in which that great master’s profiles have always been held, and indeed ih which they are 
still held there, though, generally speaking, the French have invariably been more attached 
in their practice to the Venetitm than to the Roman school. Serlio, another Italian archi- 
tect of note, was employed in the country by Francis, and actually died kt Fontainebleau. 
At the period whereof we are now treating there appears to have been a number of able 
artists ; for to Delorme and Bullant must be added Lescot, who, with Jean Gougeon as his 
sculptor, was many years employed upon ^ building usually called the P'ieux Louvre^ 
to distinguish it from the subsequent additions which have quadrupled the original project 
of Lescot. To judge of the works of tlie French architects of this period, a relative, and 
not an abstract view, must be taken of them ; relative, we mean, to the general cultivation of 
the arts when any individual artist appears. In this respect Lescot’s works at the Louvre are 
entitled to the greatest praise ; and from the examples he as well as Bullant and Gougeon 
afforded, it might have been expected that pure architecture would have proceeded with- 
out check until it reached a point as high as that to which it had been carried in Italy. 
Such was not, however, to be the case. Mary de Medicis, during her regency, having de- 
termined on building the Luxembourg palace, was anxious to have it designed in the style 
of the palaces of Florence, her native city. Jacques de Brosse, her architect, was therefore 
compelled to adopt the character required : his prototype seems to have been the Pitti 
palace, and his version of it is a failure. The gigantic palaces of Florence well enough bear 
out against the rustic and embossed work employed upon them ; but when their scale is re- 
duced, the employment of massive parts requires great caution. The palace, however, of the 
Luxembourg became a model for the fashion of the day, and produced an intermediate style, 
which lasted many years in France, and arrested the arrival at perfection whereof the above 
work of Bullant and others had opened a fair prospect. De Brosse was an able artist, and 
his design for the fa<;ade of St. Gervais of three orders is, under the circumstances, entitled 
to our praise. This architect acquired much honour by the aqueduct of Arcueil, the com- 
pletion wlieroof, in 1624, it is supposed he did not long survive. 

359. Under Louis XIV. tlie art remained for the most part in the intermediate state 
Just noticed ; and yet that monarch and his minister Colbert lost no opportunity of em- 
bellishing the kingdom with its productions. He employed Bernini to make designs for 
the palace of the Louvre ; and for that purpose induced the artist to visit France, where he 
was received with the highest respect. He left a design for a fa 9 ade of the building in 
question, wiiicb, though in a corrupt style, exhibits nevertheless marks of grandeur and 
magnificence which would have been worthy of the monarch. Bernini, disgusted, as he 
alleged, with the workmen of Paris, departed from the country without leaving any ex- 
ample of his architectural powers. That he did so France has no reason to lament, since it 
gave Perrault the of)portunity of ornamenting the capital with one of the most splendid monii • 
ments of the art which Europe can boast. To Perrault is the credit due of having given 
an impulse to French architecture it has never lost, and of having changed tiie heavy sty!* 
of his time into the light and agreeable forms of the Venetian school, llie beauties of the 
&9ade of the Louvre {Jig. 176. ) are so many and great that its defects are forgotten. The 
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prop<:irticRis mre so exquisite, that the eye cantiot rest on the ooiqiled cnlirmns and tbe arcli 
of the principal gate rising into the story of the .colonnade^ The original profeseion ol 
PerrauU was that of medicine, which, however, he only exercised for the benefit of iiif 
friends and the )>oor ; hence the design he made with others in competition for the alKivf 
work having b^n successful, he was associated for its execution with Louis le Veau, tlif 
king's principal architect. From the variety of sciences in which PerrauU excelled, it U 
not probable that the assistance of a practical architect was actually necessary ; indeed the 
four volumes which he published under the title Et$ait de Phytique^ and the collection oj 
machines for raising and removing great weights, which he also published, show that he 
wus, without assistance, quite competent to the charge which was committed to him with 
others. He built the observatory at Paris, possessing an originality of characti^ 
^hich Milizia says is very conformable to its purpose. But however suitable it may have 
been considered at the time of its erection, and it cannot be denied there b a fine masculine 
character about it, it is for its purpose in the present age altogether ill adapted for the ob- 
jects of astronomy. PerrauU died in 1688. Cotemporary with him was Le Mercier, the 
ai'chitect of the church de I’Oratoire, in the Hue St. Honors. Le Mercier died, however, 
in 1 660 ; eight and twenty years, therefore, l>efore the decease of PerrauU. Among the 
architects whose practice was exceedingly extended was Jules Hardo’ in Mansart, the 
architect of Versailles, and the especial favourite of Louis XIV, He was principally em- 
ployed between the years 1675 and his death in 1708. His ability, as Milizia observes, 
was not equal to the size of his edifices; though it is hardly fair for that author to have 
made such an observation on the architect of the cupola of the Invalides at Paris. Of this 
church and dome De Quincy has most truly stated, that though nothing that can be called 
classic is to be noticed about it, yet it contains nothing in dissonance with the principles ol 
the art. It is a whole in which richness and elegance are combined ; in which lightness 
and solidity are w|^balanced ; in which unity is not injured by variety ; and whose general 
eflect silences th||fiHlk, however he may be disposed to find fault. In Versailles, the taste 
which we have lillpF noticed as introduced by De Brosse is prevalent ; but the interiof 
of the chapel displfys to great advantage the great genius of Mansart, and shows that he 
was not incapable of the must refined elegance. 

360. Jacques Ange Gabriel was the relation and worthy pupil of Mansart. The colon- 
nades to the Garde .Meublein the Place Louis XV. (now the Place de la Concorde) exhibit 
a style which, with the exception only of PerrauU’s fa9ade or the Louvre, not all t))e 
patronage of Louis XIV. was capable of eliciting. To Gabriel almost, if not perhaps as 
much as to Perrault, the nation is under a debt of gratitude for the confirmation of good 
taste in France. He has been accused of pirating the Louvre; but reflection and com- 
parison will sliow that there is no real ground for such an accusation. The difference be- 
tween the two works is extremely wide. The basement of Perrault is a wall pierced with 
windows ; that of Gabriel is an arcade : in the upper stories the columns are not coupled, 
whicli is the case at the louvre. From these circumstances alone the character of the two 
works is so different, that it is quite unnecessary to enter into other detail. Architecture 
in France at this period, the commencement of tlie eighteenth century, was in a palmy 
state, and has never before or since risen to higher excellence ; though the French are still 
from the superior method of cultivating the art there, and the great encouragement it re’ 
ceives, the first architects in Europe. The great extent of the Place Louis XV (744 ft 
lonp and 522 broad) is injurious to the effect of the Garde Meuble, which, as the readei 
will recollect, is rather two palaces than one. Its basement is perhaps, speaking without 
reference to the vast area in front of it, too high, and the intercolumniations too wide, for 
the order (Corinthian) employed ; but it is easier to find fault than to do equally well • and 
we cannot leave the subject without a declaration that we never pass away from its beauties 
without a wish to return and contemplate their extreme elegance. They are to us of that 
class to.which Cicero’s expression m*j^ ^ well applied; « pernoctant nobiscum, peregri- 
nantur.^ Gabriel died in 1742. Antoine, the architect of the Mint at Paris, wasanmher of 
the choice^pints of the period ; he continued the refined style whereof we are speakinir • 
aiul though the age of Louis XV was not destined to witness the erection of such stupendoui 
eihficw that of Louis le Grand, it displayed a purer and for better taste. This architect 
was the first who emp oyed in his country the Grecian Doric, which had then becomeknown 
thoug^i not perfectly, by the work of Le Hoy, Antoine used it at V Hospice de la Chariti • 
and De Quincy cites it m a circumstance which called forth the approUtion of people of 
teste, and observes that the attempt would have attracted more followers, if, instead of excitinir 
the emulation of architects in the study of it and its judicious application to monuments to 
which the character of the ofder is suitable, fashion had not ap^d it to the most vxi\Ar 
of 68 Antoine lived into the present century, having died in ISOlf^t 

r*? h I 1 Metz, is reported to have made a vow 

which led to the erection of the celebrated church of St. Genevi^e. or. as it has rinl W 
died, tia- Pantheon: the largest modern church in France, Jdl^ondX ul^t 
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ttfeganMf And VAriety. Another cause may, hoirever, with it much probability, bt assSgnod^l 
tlte inod^uacy of ocoommodation for the religious tnuits of the population^ and especially 
of that appertainiBg to the patroness Saint of Paris. Man; projects liad been presenteo 
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f6r the purpose, but that of SoufHot received the preference. Tliis talented artist, who w«i 
born in 1713, at Irancy near Auxerre, aRer passing some time in Italy, had been settled at 
I^yons and there met with considerable and deserved employment. In that city the great 
h<Mpital had deservedly brought him into notice, for his knowledge in providing against the 
miseries of mankind, not less titan had bis tfOautiful theatre for providing for its pleasures. 
The plan 1 77. ) of the Pantheon (so it is now usually called) is a species of Greek cross. 
The interior is divided transversely into two equal parts on each side, and a central one 
much larger, by isolated columns, instead of the plans previously in use of arcades decorated 
with pilasters. It is, however, strictly, in its internal as well as external character, to be 
classed as belonging to the Venetian school. Its west front and transverse section are 
given in fig, 178. The light effect, which is so striking in the interior, produced by the 
employment of columns instead of the old system of arcades, b extremely pleasing, thotigh, 
as has often been truly urged, they have no office to perform. Objections, moreover, have 
been taken to the wide intercolumniations of the portico, and to some other parts, which 
here it is unnecessary to particularise. It is, notwithstanding all that has been written 
against it, most certainly entitled to take the fourth place of the modern great churches in 
Europe; which are, Santa Maria del Fiore at Florence, St. Peter's at Rome, St. Paul’s at 
London, and then the church in question. Its gieatest fault b instability about the piers 
of the cupola, — the old fault, from which not one is altogether free, and one which gave 
Souffl(«t so much uneasiness that it is said to have hastened liis death. This failure was 
afterwards rectified by his celebrated pupil Rondelct, who, with consummate skill, imparted 
perfect and lasting security to the edifice. 

362. We ought perhaps before to have mentioned the name of Servandoni, as eminently 
influencing, in his day, the taste of Paris, which, ac the world knows, is that of France. A 
Florentine by birth, and a scholar of the celebrated Pannini. he, in 1731, exhibited a model 
for the fu 9 ade of St. Sulpice ; and after a year’s probation before the public, it was adopted. 
On an extended front of 196 ft. he succeeded in imparting to it, as a whole, an air of great 
majesty, and of giving to the church a porch of vast extent without injury to the general 
effect. Servandoni was very extensively employed; his style was that of the Venetian 
school ; and liis death occurred in 1766. 

363. To write an history of the modern architecture of France, and at the same time to 

do its professors justice, would require a much larger volume than that under our pen ; 
we profess to give no more than a bird’s-eye view of it, so as to bring the reader generally 
acquainted with its progress; and it is not without much regret that we propose closing our 
account of it in the person of Jaetjues Gondouin, who died at Paris in 1818, at the age of 
eighty-one; an architect whose veneration for the works of Palladio was so unbounded, that 
for the study of them exclusively he performed a second journey into Italy : a strange 
Infatuation in a man of great acquirements, if the opinions of some of our anonymous 
critics are of any value. When Gondouin was employed, the heavy style of Louis XIV. had 
passed away, and the suitable and elegant style of the Venetian school had been adopted. 
The pupils of Blondel, among whom he was eminent, were stimulated by the patronage of 
the whole capital ; and even in the present day, so far capable are its inliahitants of appre- 
ciating the merits of an architect, regret as we may to record it, it is from that circum 
stance alone likely to maintain its superiority over all others in llie most celebrated 

work of Gondouin is the Ecole de Medecine, whose amphiMtll^ for lectures, capable of 
holding 1200 persons, is a model for all buildings of its cb«i^9vithout at all entering on 
the great merits of the other parts of the building. He was one of those upon whom the 
effects of the French Kevolution fell with particular force, though, upon the re-estnhlish- 
inent of order, he in some measure recovered his station in society. He was entrusted with 
the erection of the column in the Place Vendome, but merely as respected its ))reparatiun for 
the sculpture. 

364. In Paris is to l>e found some of the most beautiful street arebiteeture in Europe. 
That of Rome and Florence is certainly of a very high class, and exhibits some examples 
which will prol)ahly never be equalled. Those, moreover, have associations attached to 
them whicli spread a charm over tiieir existence of which it is not easy to divest on|’s self 
and which, perhaps, contain some of the ingredients which enter into our high admiration 
of them. But, on a great and general scale, the most beautiful street architecture in 
Europe is to he found in Paris; and so great in this respect do we consider that city, that 
we are certain the education of an architect is far from complete if he be not intimately 
acquainted with the examples it affords. In that, as in roost of the cities of Europe, the 
requirements of the shopkeeper interfere with the first principles of the art; but in this the 
violation of the rules of sound building, so as to connect them with his accommodation, are 
less felt by the critical observer than elsewhere. The spirit which seems to actuate the 
French nation is to produce works which may properly be called mouttmenta/ ; in this country, 
the government has never applied itself to a single work worthy of that epithet. Hie prin- 
cipal care of an English minister seems to be that of keeping his place as long as the nation 
witt endure him. (^ommerce and polities are llie only sol^cets which sueb a personage 
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Aeems to think worthy hia attention, and the sciences have only been patronised by tho 
government in proportion to their bearing on those two absorbing points. But we shall 
perhaps revert to this in the following chapter. 


Sect. XVIII. 

GhllMAN AKCHlIECrURE. 

365. No country exhibits more early, 1)eautiful, or interesting specimens of Romanesque 
and pointed architecture, than Germany. The Rhine, and the southern parts of it which 
were under the sway of the Romans, are those, as we have already observed, in 
which these are principally to be found. Their history, however, has, sufficiently for 
general purposes, been traced under the sections of Byzantine or Romanesque and Pointed 
Architecture. The revival of the arts in Italy, as it did in other nations, here equally brought 
in the styles of the Italian schools, which, as elsewhere throughout Europe, have lasted to 
the present period ; and will certainly endure until some general change in the habits of 
its different nations renders necessary or justifies some other style as a worthy successor to 
them. On this to speculate were a waste of time; though there be some, and those men of 
talent, who contemplate a millennium of architecture, by making every thing in style de- 
pendent on the new materials (cast-iron for instance) which it is now the practice to employ, 
and often, it must be conceded, most usefully. AVhilst the pointed style lasted in Europe, 
Italy was occasionally indebted to the Germans for an architect Thus, notwithstanding the 
denial of Milizin, Lapo, a German architect, was employed in the early stages of construction 
of Santa Maria del Fiore ; and it is well authenticated that Zamodia a German, Annex of 
Friburg, and Ulnc of Ulm, were employed on the cathedral at Milan, f'ranchetti (Staria 
e Deicritione del Duomo di Milanoy 4 to. Milan, 1821) asserts, that the first of these was 
engaged on it about 1391, the period of the golden age of pointed architecture in Germany; 
and the reputation of the Germans in this respect was at that time so great, that John 
and Simon of Cologne were actually carried into Spain for the purpose of designing and 
carrying into execution the cathedral at Burgos. It is at this period difficult to assign 
the cause of the nation so completely dropping astern, to use a nautical phrase, in the tine 
arts, and more particularly architecture. It was most probably the result of their political 
condition, and the consequent relative position they occupied in the affairs of Europe. 
But, whatever the cause, it is, in fact, most certain, that from the revival of the arts in Italy 
until near the end of the 18th century, Germany furnishes the names of few, if any, architects 
who are known beyond the limits of the country. Italy during the time in question seems 
to have repaid the nation for the early assistance received from them. At Fulda and Vienna, 
Carlo Fontana was extensively engaged ; Guarini on the church of Santa Anna at Prague ; 
Scamozzi on the cathedral at Salzburg; Andrew Pozzo, who died at Vienna in 1709, was 
there employed on several of the churches ; Martinelli of Lucca was another of the number 
that were solicited to decorate the country with their works. Fischers, indeed, was a na- 
tive ; but his works, and especially his palace at Schdnbrun, begun in 1696 for the Emperor 
Joseph, though not altogether without merit, is but a repetition of the extravagances of the 
scliool of Borromini ; and equally so was the palace built by the same artist for Prince 
Eugene at Vienna, in 1711. {Essai d Architecture Hintort^r, Leipsig, 1725.) Pietro 
Cart, who built the bridge at Nuremberg, Neuman, Bott, ana Eosander of Prussia, are the 
only native architects of the period recorded by Milizio. 

.366. But it was not only from Italy that the Germans drew their architects : France 
contributed a supply to the country in the persons of Blondel, who was there much em- 
ployed towards the end of the 1 7th century ; Robert de Cotte and Boffrand in the first part 
of that following. It is therefore, from what has been stated, impossible to give any 
independent account of the architecture of Germany. The Germans had none. Whoso 
were their architects, they were the followers of a style which contemporaneously existed 
in France and Italy even down to the bizarreries of that which prevailed in the time of 
Louis XV.; and it is a very curious fact, that whilst Germany was seeking the aid of 
architects from France and Italy, England could boast of professors of the art whose fame 
will endure while printing remains to spread knowledge amongst mankind. During tlie 
last century, Germany appears to have risen in this respect from its slumber, and to have 
produced some men of consideralde architectural abilities. Of these was Carl Gotthard 
Langhans who was born in 1732, and built the celebrated Brandenburg gate at Berlin, 
which, though formed much on the model of the Propylea at Athens, and therefore on the 
^re of originality not entitled to that praise whieh hM been so unsparingly exhausted i pon 
it, proves that a vast cbai^ hwi begun In Germanj as respected matters of taste in mw 
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Vhitectitre. Copies prove sad poverty of imagination 6n the part of tlie anis^ copyitig ; 
vf},' therefore, that can be said in favour of such an expedient as that under conaideratiOM 
is that better forms being submitted m this example to the Germans, it created a dawn Of 
taste to (vhich they had long been strangers, llie inaccurate work of Le lioy, which had 
preeedfid that of Stuart and Uevett on the antiquities of Athens, was the means through 
which Langhans wrought and tried his successful experiment. In France, as we havi 
already observed, Antoine had tried the employment of the Grecian Doric at Paris, but 
without the impression produced by langhans. This architect died at Rerlin in 1B08» 
and is, perhaps, entitled to be considered as ’the father of good architecture in Germany, 
where he met the highest patronage and encouragement. KnoblesdorfT*, who died in 1753. 
had, it must be allowed, prepared in some measure the change which was effected ; but 
Xxeither he nor his successor are known in the world of art beyond the confines of their 
own country. ITie names of Roumann, Goutard, Naumann, and others of iiuich merit 
occur to us; but the examples which they have left are not of the class that justifS 
Ipecimeus for preaenUtion to the reader in a general work of this nature. None of them 
yise so high as to be put in competition with the examples of the French school ; and from 
tlie circumstance of the principal works of Germany at Municli, Berlin, &c. having been 
jexecuted by artists still living, we feel precluded here from allusion to them; because, if 
yve were to enter on an examination of them, wc must detail their defects as well ars thei |r 
panties. An extraordinary species of bigotry has laid hold on some in relation to them, 
which time will temper; and the world, as it always does, will ultimately come to a rigiit 
judgincnt of the rank they are entitled to occupy as works of art. In the other branches 
of the aits the Germans are rising fast; hut there is withal an affectation of the works of 
the middle a^'es in their productions, which, impressed as they are with great beauties, 
iare not sufficiently pure to prognosticate the establishment of schools which uill sweep ail 
(before them, as did those of Italy. 

\ 


Sect. XIX. 

SPANISH AND POKTUOUKSE AKCHirSCTUKl. 

fK)7. What has been said in - the preceding lection on the architecture of Germany li 
equally applicalile to that of Spain and Portugal, whose architects were educated, if not in 
the schools of Italy, yet on the principles that guided them. Still, the pre-eminence iti 
architecture on the revival of the arts must be given to these countries over the coiv- 
temporaneous buildings erected in Gennauy, and mure especially to those of Spain. 
Under Ferdinand and Isabella, both greatly attached to the fine arts, the pointed style 
gave way to the arohltecture then in esteem in Italy ; and Juan de Olotznga, a native of 
Biscay, U, we believe, entitled to the merit of having first introduced it about 1400 in thle 
desigpi for the cathedral of Huesca in Aragon. Pedro de Gumiel is supposed to have 
been the architect of Santa Engracia at Zarago^isa, 1476-1517, but is known as the artist 
who designed the college of S. Ildefunso at Alcala, a splendid building in a mixed and 
impure style, commenced March 14, 1498. In this the orders were employed. The 
edifice consists of three courts: the first Doric, with on arcade and two orders above, in 
the lower whereof the Doric was repeated, and the upper was Ionic; the second court 
has thirty-two Composite columns, with arcades ; and the third is designed with thirty- 
feix Ionic columns, beyond which is the theatre. The church is of the Ionic order, and 
iBontains the monument of Cardinal Ximenes, the founder, consi.iered one of the finest ih 
Spain. The names of Juan, Alonso, and Fra Juan d’Escobedo continue in their work's 
the history of the art in Spain, wherein a style between the pointed and Italian prevailed 
during the greater part of the reign of Charles V. Juan Gil de Hontanon, at the end of 
the 15tb century, appears in Spain U 9 an architect of much celebrity. He made a design for 
the cathedral at Salamanca, which >«a8 submitted to the judgment of foUr of the tht^i 
most eminent architects of the country — Alonso de Covarnihias. the architect -Of tlie 
^hurch at Toledo; Maestro Filippo of that of Sevi!|ie; with Juan di Badajoz of that df 
jBiirgos. This cathedral af Salamanca is 378 ft long, and has a nave and two series df 
Aisles on each side. The nave is 130 ft. high, and 50 u. wide, Rodrigo Gil de Huntanon, 
son of the above-named architect had the exe6ution of this church, which was commenceii 
in 1513, Juan Gil de Hontaiion commenced 15‘22-?5 the cath^ral of SegOAia, vefy 
aimUar «o that of Salamanca, except thai it la mure simple, and in a purer style. It la 
tequal in siae and grandeur to those ot Toiedo and Seville. Between 1560 and 15717 
it was continued by Rodrigo Gil; thep carried on by Francisco Campo Aguerb, 
who died in 1660 ; to whom succeeded F. Biadero, Wh6 died in 1678. Re>pcctit!lfg 
Hontanon, Don Antonio I’on* ob'^erves, in the 10th volume of his TVaeels in Spaii^ 
that be must have be^n a clever architect, And well aetjuainted wuh the Greet abd 
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Kamaii styled, wljfcb in liis time were beginning to revive; but tliat, like many otUeraitistaj 
be WM obliged in aome measure to humour the taste of those who employed liim: he 
Uterefbre adopted the jSothic style, without the ornaments and details. The efforts of tlic 
i ohitects of titis period were not confined altogether to churcli building; for in 1552 
Pedro do Uria constructed a bridge at Almaraz over the Tagus, which may vie with tbs 
most extraordinary works of that elass. I'wo large pointed arclies form the bridge, which 

is 580 ft long, 25 ft. wide, and 134 ft. high. The opening of one of the arches is 150ft., 
tiiat of the other 119 ft. The piers are lofty towers, that in the centre standing on a hi^h 
rock. An inscription gives tlie date of erection 1552, and impoits that it was constructed 
at the expense of the city of Placentia. ^ 

388. Alonso de Covarrubias, the architect ot the church of Toledo, seems to liave used 
111 it a Gothic sort of style, though when he flourished the Homan orders had become 
known and used, lliis A lonao was in considerable employ, as was his assistant, Diego 
8iloe, who built the church at Granada, with the monastery and church of San Girolamo, 
hi that city. This cathedral has a nave and two aisles ; and in it the Corinthian order, 
|hough defective in height, is used. The cupola is well designed. Both Siloe and his' 
master loaded their buildings with sculptures to excess, from a seeming notion tliat beauty! 
and richness were the same or inseparable. Alonzo Berniguette was another architect of 
the 16th century who was deservedly employed. He went to Italy in 1500, there to> 
pursue ills studies in the arts of painting and sculpture as well as architecture, and was 
at Florence when Michael Angelo and l.<eonardo da Vinci exhibited their cartoons. 
j|-|e was the architect of Charles V. ; and it is supposed that he designed the ;ialace at 
Madrid, begun by Henry II., continued by Henry III., and splendidly rebuilt by 
Charles y., but no longer in existence. Berruguette erected the gate of l^n Martino, 
‘Ivjiich is the principal one at Toledo. It is of the Doric order, with the royal arms on 
the exterior, and a statue of Santa l.«eocadia in the interior. There are great simplicity 
and elegance in the composition of this work. The palace of Alcala, the residence of the 
archbishop of Toledo, is attributed to him ; a building not wanting in magnificence, 
though defective in its detail. A great portion of the cathedral of Cuenca is said to be 
by Berruguette; but not the facade, which was erected in 1699 by Josef de Arroyo, ana 
afterwards continued by Luis Arriaga. There is considerable effect about tlie cloister, 
which is well and ingeniously decorated^ This architect, ft is thought, iiad some part in the 
Paido, which was rebuilt in 1547 ; v here are still allowed to remain, — notwithstanding the 
additions by Philip II. of the miserable eastern and western ia 9 ades — the porticoes of Ionic 
columns, with their low stone arches. Though the windows are greatly too far apart, and 
too sm ill in the lower story, the stairs difficult of ascent, yet, upon the whole, the edifice 
is not ill arranged or executed. At the period whereof we here speak tliere was a pro- 
digious passion among the Spaniards for large screens and altars in the churches ; in these 
the taste of Berruguette was most conspicuous. In the use of the orders, which he fully 
understood, he i^as remarkably fond of employing them over one another. The cathedral 
m Seville was principally rebuilt by Fernan Ruiz, who was roucli engaged in the city, 
and €*‘perially on enlarging or raising the veil known tower called “ La Giralda.” This 
singular edifice was begun in the 1 1 th century, the original idea of it iieing given by the 
^rchltect Gelier, a native of Seville, to whom the invention of algebra is attributed; and 
also the oesign of two other similar towers, one in Morocco, and the otlier at H^batai 
The tower of which we are now speaking was at first 250 ft. high, and 50 ft. wide, and 
was without diminution as it rose. The walls are 8 ft. thick of squared stones from the 
level of the pavement ; the rest for 87 ft. is of brick. In the centre of this tower is a 
smaller one, the interval lictween the tw’o tow'ers being 23 ft., which serves for the ascent- 
one so conienient that two persons abreast can mount it on horseback. The central tower 
does not diminish; but as the edifice rises in height the walls gather over, so as to allow 
the passage of only one person. Upon the Moors of Seville negotiating their surrender^ 
one of the conditions of it was, that this tower should not be destroyed; to whidi Don 
Alfonso, the eldest son of the king, answered, that if a portion of it were touched, not 
a man in Seville should survive, In the earthquake of 1395 it was partially ii\|ured, and 
remained in the state of inisfortuiie that then occurred until 1568, when, by the auihoritiesi, 

, Fernan Ruiz received^ the 'epmmUsion to raise it 100 ft. higher. This height he divided 
into three parfs, crowning ft with a small cupola or lantern : the tint division of hft 
addition is of equal thickness with the tower on a plinth, whence six pilasters rise on each 
ia 9 ade, between which are five windows, over which is an entablature surmounted 'by 
balustrades; the second division Is lower, with the same ornament; and the third ft 
octagonal with pilasters, over which the cupola rises, crowned with a bronzo statue ot 
b^aith, vulgarly ealled lai Giralda.*’ Ruis by this work augmented his fame ; and not- 
•withstanding the earthquakes which have since occurred, it h»a, fortunately enough, been 
preserved. We haie, however, to apdogise to our readers for this, whfth ft anecdote, and' 
put quite in order to be placed liere, because partly connected with a period we have loa|r 
left. ^ Pictorially ific^ing, the tower of ^ La Oiialtia ** is a splendid object, and thf 
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ftpology WAS, pcrbapxy unnecessary. The age of Charles V. in Spain was Augustan for 
its architecture. By his mandate the palace waa raised at Granada, a work of Machuoa, 
another architect uf this period. The principal facade is rustic, with three large gates, and 
eight Doric columns on jiedesials sculptured with bisloricai bassi-rilievi. The second 
story is Ionic with eight columns, over which are pilasters. The internal vestibule is on 
a circular plan, with a portico and gallery on columns of the same order. Milizia, from 
whom we have extracted all our notices on the architecture of Spain in this age, regrets 
that the arciies spring from the columns. Though we cannot commend such a practice* 
we should be sorry, in certain cases, to see a veto pat upon it, because the practice is 
occasionally compatible with fine effect 

3G9* Towards the end of the sixteenth century appears in Spain an artist, by name 
Domingo Teotocopuli, by birth a Grecian, and a disciple of Tiziano Vecelli. He became, 
under his master, a good painter; but is known in Spain rather as a ceUbrated architect 
in his day. At Madrid, and in Toledo, he executed many works of merit; but his grand 
work was the church and monastery of the Bernardine monks of San Domingo di Silos, 
in which he employed his talents in architecture, painting, and sculpture, the wliole being 
from his hand. 

.S70. Garzia d’Emere and Bartoloni4 di Bustamante, the latter especially, would re- 
quire an extended notice in the history of the art in Spain, if our limits permitted us to 
enter on their merits. The latter was the architect of the hospital of San Juan Bautista, 
founded by its archbishop in 1545, near Toledo. We should continue the account if build- 
ings existed from which features different from the contemporaneous works in the rest 
of Europe could he extracted ; but the fact is, that the progress of the art has already 
been told in other countries, and its success in Spain would he but a repctiiion in minor 
degree of what has already been said. Still we consider some notice must be taken of 
Juan Bautista of Toledo, who died in 1567, an architect and sculptor of surpassing merit; 
and as he was the arcliitect who gave the designs for the Escurial, we shall not apologise 
fur transcribing the account of him given by Milizia. 

.371. Having studied at Rome, he was invited to Naples by Don Pedro di Toledo, 
then viceroy there, who employed him as architect to the Emperor Charles V. in 
many important works in that city, whence he was called by Philip II, to become 
archiUct of all the rojal works in Spain, and especially of the Escurial, which that 
monaich was anxious to erect in the moat magnificent style. For this purpose he left 
Naples, and in 1563 commenced, upon his own design, the Escurial, which he continued 
to superintend till his death in 1567. In this great Jindertaking he was succeeded by 
Juan de Herrera, his pupil, who finished it. Those, li|refore, says the author whom w’e 
quote, that attiibute tins work to Luis de Fox, to Bramanft, to Vignola, and other archi- 
tects who may have given designs for it, are unacquainted with the subject. The wonders 
related of the Escurial, as to the number of its doors and windows, are not tales to be here 
recounied; and the attempt, indeed, at exaggeration is vastly silly, because it is on so grand 
a scale that the simple truth imparts quite sufficient knowledge for conveying an idea of 
its splendtmr. The motives of Pliilip II, in founding this structure were twofold, — first, 
the injunction of his predecessor Charles V , who was desirous of constructii.g a tomb for 
the royal family of Spain ; and secondly, of erecting an edifice of colossal dimensions to 
commemorate the famous victory of S. Quintin, achieved on the festival of San Lorenzo, 
the saint to whose interposition the king attributed his success. 'I be situation chosen to 
receive it was beautiful. It is at the distance of a few miles from Madrid, at the foot of the 
Carpontani mountains, by which the two Castiles are divided. 'I'he plan of the edifice is 
said to resemble a gridiron, the instrument of mart>rJom of San Lorenzo, of which the 
handle is the projection in the eastern fai^ade ; we confess, however, we have some difficulty 
in tracing the resemblance. It is divided internally into fifteen courts, var 3 ing consider- 
ably in size ; many of them are decorated with porticoes and galleries, and contain iti all 
upwards of eigluy fountains. The materials are granite very well wrought ; the roofs 
partly covered with lead and partly with blaie. The cupola of the church is of stone. I'he 
four angles of the main plan are distinguished by towers rising four stories, besides those 
in the roofs, above the general fronts; besides which there are four others flanking the 
cupola. Parts of the building are in much better taste than others ; but such an enormous 
pile of building cannot be otherwise than imposing, more especially, too, if there be any- 
thing like symmetry and regularity in the parts. Towards the weat the principal facade 
is 740 feet long and 60 feet in height. The towers at the angles just mentioned rise to the 
height of S?00 feet. This fayadc, like the others, has five stories of windows, which iieces- 
»rily of thvmselve^ from the way in which they are arranged, have the effect of cutting 
it up into minute divisions. The central compartment of it is 140 feet in lengih, and con- 
sists of two orders of half columns ; the lower has eight semi-columns, which are Doric 
standing on a plinth, and in the central intervolumniation is the door ; the other inter- 
columnjations are filled with niches and windows in three stories. The upper order con- 
airts of four Ionic columns on pedesUls, and is surmounted by a pediment. This upper 
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order has stories of nictics in Its intercolumnlations, in the upper central one wlicrcof 
IS placid the statue of San Lorenso. llie two minor doors in this facade are also made 
features in the design. I'he & 9 ade towards the east has the projecting handle of the grid* 
iron to which we liave alluded, in which part is contained the palace ; and westward of it 
the great chapel or cliurch, with its cupola rising above the mass, to complete the com- 
^-losition. Towards the south the length is 580 ft., similar to the length on the north. On 
entering from the central gate of the western fa 9 ade, the monastery is divided from the col- 
ie^ by a large vestibule, from which three large arched openings lead into the king’s court : 
this is S.SOft. long, and 136 ft. wide, surrounded by buildings of five stories, and orna* 
mputed with pilasters. At the eastern end of this court is the entrance to the church, over 
whose vestibule or pronaos are the libraries. To it a flight of seven steps crosses the whole 
width of tlie court; and from the landing rises a Doric arcaded porch of five openings, three 
whereof belong to the central compartment and lead to the church, the other two leading 
to the monastery and the college. Behind the porch the fa 9 ade of the church rises, and is 
flanked by two towers, which respectively belong to the monastery and college, and arc 
ornamented above the general height of the buildings of the court with two orders of 
pilasters, beuig terminated by small cupolas. 'Die interior of the church is Doric, and is in 
plan a Greek cross, nie nave is 53 ft. and the aisles are 30 ft. wide. Its whole length 
is 364 ft., its width 230, and height 170. From the intersection of the nave and transepts 
the cupola rises, 66 ft. in diameter, and 3.30 ft. in height from the pavement to the cross. 
Its exterior is composed with a square tambour or drum, if it may be so called, from which 
the order rises. The choir is only 30 ft. high, and its length but 60 ft. In point of taste 
fuid dimensions, the church is inferior to several in other parts of Europe. Hie pres- 
bytery, we should have stated, is raised, so as to form almost another church, and seemingly 
without relation to the principal one. Tlie staircase which leads to the Pantheon, and 

* possesses considerable magnificence, is placed between the church and the ante* 

: we are not aware why this name has been given to the sepulchre of the kings of 
It is nearly under the high altar. The chamber appropriated to the reception of 
gs is 36 ft. diameter, and .^8 ft. in height, richly encrusted with various maibles and 
j||etals, and ornamented with sixteen double Corinthian pilasters on pedestals, arranged 
iNftagonally ; and between them are recesses, with the sarcophagi, amounting to twenty-six, 
tirat is, fpur in eiicli of six sides, and two over the entrance which faces the altar of the Hc- 
biirrection. This is a fair specimen of the style which prevailed in Spain under the reigns 
of Philip IV. and Charles II. The college, the seminary, and the royal palace occupy the 
lest of the building. In 1773, many additions were made to the buildings about the Es- 
riirial for tlie Infants Don Antonio and Don Gabriele, by Villancuva, an Italian architect, 
and by them the palace was mucli improved. Juan de Herrera, who died in 15ii7, besides 
his employment at the building Just described, contributed greatly to the advancement of 
the art by the execution of the many commissions with which he vi'as entrusted. The bridge 
of Segovia, at Madrid, is by him ; as is the royal pleasure-house at Aranjuez, begun under 
Philip II. and finished by Ciiarles 111., — a work which, though far from pure, exhibits 
great architectural ability. IIis successor at the Escurial was Francesco de Moia, by 
whom, at Madrid, is the Palace de los Consejos, the most splendid edifice which that 
capital can boast. Instead of a central doorway, it has two at its flanks, of the Doric 
order, with appropriate decorations. In the beginning of the seventeenth century, the 
great square of Madrid was erected after the designs of Juan Gomez de Mura, and is ad- 
mirable fur iig grandeur and s\nimetry. This architect built at Alcala the church and 
college of the Jesuits, which, Milizla says, is a magnifictnt and well-proportioned edifice. 
It is of two orders, and the material employed in th*; fumade is granite» The ro)al convent 
of the Augustins, at Madrid, is also attributed to him. 

372. Early in the eighteenth century Felipe I vara, or Juv.ira, a native of Messina, 
had very great employ, we might almost ‘^ay throughout Europe. He became the pupil 
of Fontana, and afterwards, on his ^isiting Spain, seems to have established a school there. 
He built the facade of the royal palace ot S. Ildefonso, looking towards the gaideus. 
Ivara died in 1735, at Madrid, whither he had been invited by Philip V. to rebuild tlie 
palac^ which had been consumed by fire. The work was afterwards entrusted to Sacchetti, 
a pupil of Ivara. It is on a very large scale, and was must solidly constructed. 

373, We have thought it necessary to give the above succinct account of the architecture 
of Spain, which did not, however, produce, after the revival of ihe arts in Europe, any 
works, except in respect of dimensions, comparable with those of Italy. The abuses in 
them are almost universally carried to an extent scarcely credible ; it is, therefore, useless 
to refer the reader or student to them as models. It almost seems as if from Italy pure 
arohUecture bad not had time to spread itself before it became tinctured with the corrup- 
tions of Borromini ; which, not only in Spain and Portugal, but throughout Germany, and 
^eo France, were diflTused with incredible rapidity. Llaguno and Cean- Bermudez, 
fmeiai de los Arquitectos^ ^,<ie Espafia^ 4 vols. 4to., Madrid, 1829. G. E. Street, Sm$ 
Aoeount GtAhie in Spaint 8vo., 1 865. 
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ECSSlAJf ARCHITECTURE. 


374. Wb scarcely know wlrethar we are justified m making a short section with tliii 
heading, inasmuch as there is not known to U5j, up to the end of the eighteenth century, 
the name of a single lliissian architect. English, French, Italian, and German artists have 
been employed in the decoration of the city of Petersburg, though we believe that* tlie 
nation is now beginning to produce persons capable of conducting their public works. 
Russia has recei4%d all its improvement from abroad, and has used every exertion to com* 
municate it to an uncivilised people. 

.375. ITie ecclesiastical architecture of Russia is of course coeval with the introduction of 
Christianity into the country, which was not earlier than the time of Vladimir the Great, 
alihougb the Princess Olga had been baptized at Constantinople as early as the year 964. 
Vladimir, to display his zeal in behalf of Christianity, had a church, supposed to be the 
first built by him, erected at Chcrson ; a year after which the church of St. Basil, which, as 
well as the first named, was of timber, was erected under his command. This prince also 
built a church at Kief, where, it is said, there were already at the time 500 churches. 
After Vladimir, Prince Yaroslaf appears to have bestowed great attention on the erection 
of ecclesiastical edificc.s. At Kief he founded a church, dedicated to St. Sophia, and at No- 
vogorod another to the same saint : these partly exist in the present day. By him also 
were reared the convents of St. George aiwi St. Irene. 'I'lie celebrated convent of 
Petchorsky, at Kief, was erected in 1075, subsequent to which period the Russian metro- 
politans continued subject to those of ('onstantinople till the capture of that city by Mahomet 
the Second. Between this last capital and Kief the bonds of amity of their rulers were 
drawn closer by many intermarriages; but in the year 1 124 a fire desolated the latter city, 
which must lia\e risen into great importance, inasmuch as 600 churches and monasteries 
were destroyed in tlie conflagration. Afterwards, again, in the civil war under Yisaslaf, 
Kief was taken and fired; a calamity to whicli it was again subject at the same period that 
Constantinoiile was taken by the Venetians. After this Kief never again recovered iti 
ancient magnificence. In 1 154, at which period Moscow is first mentioned in history, it was 
but an insignificant village. It received great additions under Daniel of Moscow; and in 
1.304, under John Danielowitz, it became tlie capital of the empire. On the 4th of Auonst, 
I3t26, the first stone was laid of a church in the Kremlin there in honour of tlie Assumption 
of the Virgin. U'he palace of the Kremlin was a timber structure until the reign of Denetri 
Donskoi, when it was reconstructed of stone. On the capture of Constantinojile by Mah imct 
the Second, the Russian church ceased to be dependent on that of Constantinople, 'J'he 
palace of the Kremlin, known by the name of the granite palace, rose in 1487; and in 
twelve years afterwards, the Belvedere palace was raised. Ivan IV., whose sway was of 
extended duration, was a gicat patron of the arts; his decease took place circa 1584. He 
renewed the laws relative to the paintings in the new churches, whence arises their so close 
resemblance to each other that it is difficult to judge of the epochs of their execution The 
celebrated clock tower Ivan Valiki, at the Kremlin, was erected by the Czar Boris in 16(X) 
at which time Moscow contained 400 churches, whereof 3‘> stood in the KremUn alone.’ 
After the lime of Peter the Great, a change of style was introduced, (1696-1725) 

.T*!® Church of the Assumption above mentioned, as respects the plan, is an (ihlonir 
s,|uarc divided ; the vaulting whereof is supported by six columns in the interior, 'i'lioimh 
at the first glance it be not perceived, the arrangement of the cupolas soon points to the 
(orm of a Greek cross. In the earlier churches the plan was a square, with a porch in 
front of It i but, in the Church of the Assumption, the porch is a portion of the church 
the archw ol the cupolas lieiiig placed in the same way as if the church were of the ancient 
form. JTie six calumns just mentioned divide the church into four parts, — from 
west, and then from north to south. At the eastern sides are three apsides, divided bv tl» 
width of a column, tbe middle one being of larger dimensions than tlie other tw • an 
arrangement which prevails in most of the Greek churches. Tlie apsides contain aitara 
which are frcquqiil. except in the Small cliapcla. The altar in the Greek church ?, 7^2 
exposed to public view ; it is concealed or covered by tbe iconostasis (image-bearer) a ve,r 
^e screen, which, from occupying tbe whole width of the church, divides it into two pL? 
This screw hes a oentwil prini^ai and two side smaUer doors, behind which latter on^efeh 
»de, sundae s^nd and smaller icwostasU, of the width only of the smaller api^^iut 
whoM plw With tl^ree doors and an alUr behind U similar to the great ona ’ Thia^w^ tiJ! 
distributian in the early churche. j in the more modern on^^rTL. at^Lirit ^ ' 

Wtr^ty of the edifice, thre^ dUtinct iconoaUses. The pUc^ Z ^ 

In ^nt of the iwnoaUw between its principal and side doors. The prinein.} n 
fl^ la ftont of tbe icono^;, i and, in cathedral churchev «t the foot of ^ho asab on^Su 
loft a fpnopy IS placed fi>r tbe einperbrv opposiu whereto U one foe tbe mSS^it^ 
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TTiere is genenU/ one principal and four subordinate cupoltft round it, which stand on tite 
four feet of the Greek cross. The iconostasis is a pripeipai object in every church. It is 
usually in four or five horizontal compartments, each containing an unequal number of 
pictures of saints painted on tablets or long square panels, whose places are fixed with great 
precision. In the first story, if we may so call it, are the three doors ; the centre one, being 
in two foldings, is decorated with Uie subject #f the Annunciation, accompanied with the 
heads of the four Evangelists or their emblems. To the right of the door is a picture of 
Christ, and of the Madonna on the left. To the right of the Christ is the saint or fbstival 
of the church, after which the doors are inserted. Above the doors, on the deft hand, is 
placed a Greek cross; on the right hand the cross of Moses,— .-as symbols of the Old and 
Kew Testaments. The paintings are all on a ground of gold. In the middle of the second 
story is Christ on a throne ; on the right Saint John the Baptist ; on the left the Madonna 
without Child ; then, «n each side, two archangels and six apostles. In the third story or 
horizontal compartment, the Madonna is Introduced with the Infant on her knees, sur- 
rounded on each side by the prophets. In the fourth story is painted God the Father on 
a throne, with the Infant Jesus, surrounded on each side by patriarchs of the church. 
Occasionally a fifth story appears, upon which is painted the history or Passion of our 
Saviour. Paintings on a gold ground abound in the other parts of the church, llie 
exteriors of these churches are extremely limple; cornices or other horizontal crownings 
are not to found, but the coverings follow the cylindrical forms of the arches to which they 
are the extradoses, and are variously painted. The jlussiaa'^hurches built in the eleventli 
century, which from the number of their cupolaa rosemblcrand indeed were imitated from 
those of the East, give a peculiar effect to the architecture. The forms of these cupolas 
are varied, but they generally stand on an octagonal tamhour i some Are hemispherical, 
others in curves of contrary flexure, and a numl)er of other figures. 

377. The type of the Russian church, which is on plan a Greek cross, is to be found in 
Santa Sophia at Constantinople. After the disputes between the Iconoclasts and Jconolaters, 
which, at the close of the seventh century, ended in the separation of the Eastern and 
Western churches, sculpture of statues disappeared from the Creek church, statues of angels 
excepted. Again, at this period, the altars on the side of the principal one were established, 
not, as in the Catholic churches, at the extremities of the transepts ; their place is always in 
a niche or apsis. This arrangement is found in ^he churches of the eleventh, twelfth, and 
thirteenth centuries, at Bari, Trani, Malfetta, Otranto, &c., while the Greek worship existed; 
and a similar disposition is even seen at Palermo and other places where the worship has 
been Catholic. In the Catholic churches a sacristy, for the use of the priests in robing, 
&c., is always provided on the side of the church ; in the Greek church, however, the priests 
robe themselves l)ehind the iconostasis on the left of the altar, another altar being placed on 
the right for the consecration of the elements ; and this arrangement exists in the present day. 
The Greek church has no gynseceum, or separate place for the women. — For the above we 
are indebted to the researches of M. Hallmann, an ingenious architect of Hanover. 

378. It is in Saint Petersburg principally that we are tp look for edifices which deserve 

mention. The foundation of the city was laid in 1703, by the Czar Peter, when he con- 
structed a fort on an island in the Neva for defence against the Swedes. Buildings, hot!) 
public and priva^^vere soon erected ; and the nobility and merchants being induced to 
settle there, the plivee quickly assumed the appearance of a considerable city. * In the reigns of 
Catherine the Second and Alexander it reached a degree of great magnificence, from which 
It has not declined, but has rather advanced. Magnitude, rather than beauty of form, marks 
the public buildings of the city. The church of our Lady of Kazan is of great dimensions : 
for which, and its fifty-six granite columns with bronze capitals, it has obtained more cele- 
l)rity than it will acquire for the beauty of its composition. Some of the palaces in the 
city are of colossal dimensions ; that of Micbailoff, built by Paul, is said to have cost ten 
millions of rubles. It was under the reign of Peter the Great that the great change took 
place in the national character of Russian church architecture by the introduction of the 
classical orders. The bulbous cupola^ though at this period not entirely laid aside, fell into 
comparative disuse, being replaced by a green painted dome of which the Italian form was 
the model, llie tasteless custom of painting the exteriors of buildings with bright and in- 
congruous colours was retained ; and, though well enough suited to the barbaric structures 
of the Muscovite czars, it ill accorded with the purer style of Italy, It is unnecessary fur- 
thtt to detain the reader by any observations on the chusches of the modern capitid. In 
point of style or^)/ history, they possess little or no interest for an English re^cr. To 
those who wish to become better acquainted with the architecture of Russia, weureqomraend 
•a reierenoe to Geisslerh Pittoreaques dea Mttura^ ^-c. tUa Ru$at$t^ Tftrtaraaf ifonpoUt, 

sLautm Nmtioita dil Rum; to L^l’a C^araehr the Aassconi, &c., 4to, 1«23 ; 

and Hieard de Mpnt^srrandh VEgliae ae laamc^ fol ld4J. Tlio essay by the late 
hi- Hallnaann abovf noticed, was wriirtcd in the Trmiaction» oC the Institute of British 
Arehiteets, |842. 
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AUCIIITECTUIIE OF BRITAIN. 


Sect. I. 

EAllLY HOUSES AND ARCIllTECTUKE OF THE BlUTONS. 

379. On the invasion of Britain by Julius Caesar, in the year 55 b. c., tlie iniiabitants 
dwelt in houses resembling those of Gaul ; and in Kent, anil other southern parts of the 
island, their houses were more substantial and convenient than those in the north. Caves 
or earth houses seem to have been their original shelter ; to which had preceded the wicker 
enclosure, whose sides were incrusted with clay. 'Fhese were tliatclied with straw. The 
wooden houses of the ancient Gauls and Britons were circular, with high tapering roofs 
at whose summit was an aperture for the admission of light and emission of smoke, 'i'hese, 
where the edifices were grander than ordinary, were placed upon foundations of stone. 
There is no instruction to be derived from pursuing this subject further. That the arts at 
the period in question scarcely existed, is quite certain ; and Caractacus may, wlicn carried 
prisoner to Home, have well expressed surprise that the Romans, who had such magnificent 
palaces of their own, should envy the wretched cahins of the Britons. 

380. If the Britons were so uninformed in arcliitecture as to be satisfied with such 
structures for their dwellings as we have named, it will hardly be contended that they were 
the builders of so stupendous a fabric as Stonehenge. On this subject we have already 
stated our opinion in Chap. II. From the distant period at which we believe this and 
similar edifices to have been erected up to that of wliich we are speaking many cen- 
turies must have elapsed, during Mdiich the mechanical knowledge which was employed in 
their erection might have been lost, and indeed must have been, from the condition of the 
inhabitants, of which mention has been made. 

381. The Romans, after their invasion of the island, soon formed settlements and planted 
colonies ; and it is not dilKcult to imagine the change which took place in its architecture. 
The first Roman colony was at Camalodunum. This, when it was afterwards destroyed 
by the Britons in the great revolt under Boadicea, apjiears to have been a large and well- 
built town, ad'wned with statues, temples, theatres, and other public edifice.s. ( Tacit. 
Annul, lib. xiv. c. 32.) In the account given of the prodigies said to have happened at 
this place, and to have announced its approaching fall, it is mentioned that the statue of 
Victory fell down without any visible violence ; in the hall of public business, the confused 
murmurs of strangers were perceived, and dismal bowlings were heard in the theatre. At 
Camalodunum the temple of Claudius was large enough to contain the whole garrison, 
who, after the destruction of the town, took refuge in it ; and so strong was it, that they 
were enabled to hold out therein against the whole British army for a period of two days, 
London, however, exhibited a more striking example of the rapid progre.ss of Roman 
architecture iu Britain. At the time of the first Roman invasion it was little more than a 
British town or enclosed forest ; and there seems to be ground for supposing that at the 
tim j of the second invasion, under Claudius, it was not much improved. But when, about 
sik een years afterwards, it came into the possession of the Romans, it became a rich, ynt- 
pu-ous, and beautiful city. Not only did the Romans raise a vast number of solid and 
magnificent structures for their own accommodation, but they taught the arts to the Britons, 
and thus civilised them. Agricola, of all the Roman governors, took means for that pur- 
pose. That they might become less and less attached to a roaming and unsettled life, and 
accustomed to a more agreeable mode of living, he took all opportunities of rendering them 
oasistaiicc in erecting houses and temples, and other public buildings. He did all in hii 
power to excite an emulation amongst them ; so that at last they were not content without 
structures for ornament and pleasure, such as baths, porticoes, galleries, banqueting hou-ses, 
Ac. From this time (a. n. 80) up “ to the middle of the fourth century," ssy* Henry 
( of England)^ “ architecture, and all the arts immediately connected with it, greatly 
flourished in this island ; and the same taste for erecting solid, convenient, and beautiftd 
buildings which had long prevailed in Italy, was introduced into Britain. Every Roman 
colony and free city (of which there was a great number in this country) was a little Rome, 
encompassed with strong walls, adorned with temples, palaces, courts, halls, basilic*, baths, 
markets, aqueducts, and many other fine buildings both for use and ornameiit * The 
country every where abounded with well-built villages, towns, forts, and stations ; and the 
whole was defended by that high and strong wall, with its many towers and castles which 
reached from the mouth of the river Tyne on the east to the Solway Firth on the west. 
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Tins spirit of l>v lilting, \i1tic1i WAR introduced tind encouraged by the Uomahs, so much 
unproved the twite and increased the number of the British builders, that in the third 
century this island was famous for the great number and excellence of its architects and 
artificers. When the Emperor Constantins, fixther of Constantine the Great, rebuilt the 
city of Autun in Gaul, a. d 2%, he was chiefly furnished with workmen from Britain, 
wliich (says Eumenius) very much abounded with the best artificers. It was about the 
end of the third century that in Britain, as well as all the other provinces of the Western 
empire, architecture began to decline. It may have been that the building of Constanti- 
nople drew off the best artists ; or that the time left for the peaceful culture of the arts may 
have been broken in upon by the irruptions of invaders from the north. According to the 
X^enerablc Bede {Ilixt. Eccles.^ lib. i. c. 12.), the Britons had become so ignorant of the art 
befiire the final departure of the Romans that they, from want of masons, repaired the wall 
between the Forth and Clyde with sods instead of stone. Henry observes, however, or 
tllis, that “ we cannot lay much stress on this testimony ; liecaiisc it does not refer to the 
provincial Britons, but to those who lived beyond the Wall of Seveius, where tlie Roman 
arts never much prevailed ; and because the true rea.son of their repairing that wall with 
turf, and not with stone, was that it had been originally built in that maimer. Besides, we 
are told by the same writer, in the same place, that the provincial Britons, some time after 
this, with the assistance of one Roman legion, built a wall of solid stone, 8 ft. thick and 
12 ft. high, from sea to sea.” 

‘^82. The departure of the Romans, and that of the fine arts wliich they hail introduced, 
were occurrences of almost the same date. We must, however, recollect that architecture 
was beginning to docliiie at Rome itself before the departure in question. The inhabitants 
of the country who remained after the Romans were gone hud not the skill nor courage 

to defend the works with 
which the Romans had pro- 
vided them ; and their 
towns and cities, therefore, 
were seized by invaders, 
who ))luiidcred and de- 
stroyed them, throwing 
down the noble structures 
with which the art and in- 
dustry of the Romans had 
adorned the country. I'lie 
vestiges of Roman architec- 
ture still remaining in Bri- 
tain are pretty numerous ; 
hut scarcely any of them 
are of suflicient interest to 
be considered as studies of 
Roman architecture. Even 
in its best days, nobody 

(7 ft. 0 tni. to Roman lUiad, an<l 3 a. 0 iiu more to bottom ofiiurt ) WOuld Study the WOrks of 

art in the colonies in preference to those in the parent state. We have here (Jiy. 179.) 
inserted a representation of a small portion of the Roman wall at Leicester, as an example 
of the construction. Temples, baths, and villas of the time have, moreover, been brought 
to light not unfrequently. 

383. llie arrival of the Saxons in this country, a. d. 449, .soon extinguished the very 
little that remained of the erts in the island. 'I'liis people were totally ignorant of art ; like 
the other nations of Germany, they had been accustomed to live in wretched lio\ els formed 
out of the earth, or built of wood, and covered with reeds, straw, or the branches of trees. 
It was not, indeed, until 200 years after their arrival that stone was employed by tliem fop 
tlieir buildings. Their cathedrals were built of timber. The Venerable Bede says there 
was a time when not a stone church existed in all the land ; the custom being to build 
them of wood. Finan, the second bishop of Lindisfarnc, or Holy Island, built a church in 
that island, a. d. 652, for a cathedral, which yet was not of stone, but of wood, and covered 
with reeds; and so rt continued till Eadbert, the successor of St. Cuthbert, and seventh 
bishop of Lindisfarne, took away the reeds, and covered it all over, both roof and walls, 
with sheets of lead. Of similar materials was the original cathedral at York, a church of 
stone being a very rare production, and usually dignified with some special historical 
record. Bode, for instance, says of Paulinus, the first bishop of York, that he built a 
church of stone m the city of Lincoln, whose walls were standing when he wrote, though 
the roOf had fidlen down. Scotland, at the beginning of the eighth century, docs not seem 
to liave had a single church of stone. Naitan, king of the Piets* in his letter to Ceolfred, 
libbot of Weremouth, a. d. 710, intreats that some masons may be sent him to build a 
ehttrcli of stone in his kingdom, in imitation of tlie Romans, 
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'984 W« here think it necessary to notice that we have fhougiit proper. undCT thli 
chapter, to preserve tlie periods, or rather styles of the periods 
their ordinary arrangement in English works, namely, the Angl^Susoii and 
distinct sections. It is a matter of little importance to the reader how >>« “cquiTO h« 
knowledire, Mt that liis author do not unnecessarily prolong the acquisition ot it. lliougii, 
therefor^ the Anglo-Saxon and Norman architecture are neither of thein anything more 
than Romanesque or Byzantine, to which we^ have appropriated rather a long .section, wc 
have here separated them into two distinct periods. 

385. About the end of the seventh century masonry, as well as other arts con- 

nected with it, was once more restored to England, by the exertions ot Wil red, bishop of 
York, and afterwards of Hexliam, and of Benedict Biscop, the founder of the abbey ot Were- 
mouth. The former, who was an indefatigable builder, and one of tlie most munificent 
prelates of the seventh century, erected edifices, which were the admiration of the age, at 
llinon York, and Hexliam. 'I’he catliedral of the latter place obtained great celebriLy. 
Eddius, speaking of it ( Ffia Wi/fridi), says, that Wilfrid “ having obtained a plot of ground 
at the place from Queen Etheldreda, lie there founded a very magnificent church, and dedi- 
cated it to the blessed apostle St. Andrew. The plan of this holy structure appears to have 
been inspired by the Rjiirit of God; a genius, therefore, superior to mine is wanting to d^ 
scribe it properly. Large and strong were the subterraneous buildings, and constructed of 
the finest polished stones. How magnificent is the supersirueture, with its lofty roof rest- 
in«r on many pillars, its long and lofty walls, its sublime towers, and winding stiirs 1 Tt 
sum all up, there is not on this side of the Alps so great and beautiful a work,” Bisoo] 
was a zealous coteinporary and companion of Wilfrid, and bad also a great love for tlit 
arts. He travelled into Italy no less than six times, chiefly for the purjiose of collect- 
ing books and works of art, and of endeavouring to induce workmen to come oyer to Eng- 
land. An estate of some extent having been obtained by him from Eegfrid, king ot 
Northumberland, near the mouth of the river Were, he founded a monastery there in 674. 
Relative to this monastery of Wereinouth, thus writes Bede : — “ About a year after laying 
tlie foundations, Benedict passed over into France, and there collected a number ofma.sons, 
whom he brought over with him to build the church of his mona.stery of stone, after the 
Homan manner, whereof he was a vast admirer. Such was his love for the apostle Peter, to 
whom the church was to be dedicated, that he stimulated the workmen so as to have mass 
celebrated in it but a little more than a year from its foundation. When the work was 
well advanced, he sent agents into France for the purpose of procuring, if possible, glass 
manufacturers, who at that time were not to be found in England, and of bringing them 
over to glaze the windows of his monastery and church. Ilis agents were successful, having 
induced several artisans to accompany them. These not only executed the work assigned 
to them by Benedict, but gave instructions to the English in the art of making glass for 
windows, lamps, and other uses.” 

fi86. The Bishop Wilfrid, as we learn from William of Malmesbury, with the assi.stance 
of the artificers that had been brought over, eflected great reparations in the cathedral at 
York, which was in a decayed and ruinous state. He restored the roof, and covered it 
with lead, cleansed and whited the walls, and put glass into the windows; for, before he 
liad introduced the glass makers, the windows of private dwellings as well as churches 
were filled with linen cloth, or with wooden lattices. It will be observed that the improve- 
ineqts we here mention were introduced by the bishops Wilfrid and Biscop towards the 
end of the seventh century ; but, from our ancient historians, it would appear that, in the 
eighth and ninth centuries, stone buildings were rarely met with, and, when erected, were 
objects of great admiration. The historian Henry observes, that “ when Alfred, towards 
the end of the ninth century, formed the design of rebuilding his ruined cities, churches, 
and monasteries, and of adorning his buildings with more magnificent structures, he was 
obliged to bring many of his artificei-s from foreign countries. Of these (as we are told 
by his friend Asser) he had an almost innumerable multitude, collected from different na- 
tions ; many of them the most excellent in their several arts. Nor is it the least praise of 
this illustrious prince, that he was the greatest builder and the best architect of the age in 
which he flourished.” His historian, who was an eyewitness of his works, speaks in the 
following strain of admiration of the number of his buildings, “ What shall I say of the towns 
and cities which he repaired, and of others which he built from the foundation ? ” Henry 
continues, — ** Some of his buildings were also magnificent for that age, and of a new and 
singular construction ; particularly the monastery of .^thelingay, lire church, however, 
was built only of wood ; and it seems probable that Alfred’s buildings were, in general, 
more remarkable for their number and utility than for their grandeur ; for there is suf- 
ficient evidence that, long after his time, almost all the houses in England, and the far 
greatest part of the monasteries and churches, were very mean buildings, constructed of 
wood and covered with thatch, Edgar the Peaceable, who flourished after the middle of 
the tenth century, observed (see WiUiam Malms, lib. ii. p. 32.), that, at fits accession to 
the throne, all the monasteries of England were in a ruinous condition^ and consisted only 
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of rotten IfoarcU.** Tlie taste, lio^ever, of the Anglo-Saxons #bs no| indulged h mag*' 
anfioent buildings ; and the incursions of the Danes, who destroyed wfierever they came,, 
together with the unsettled state of the country, may account for their revenues being ex- 
pended on mean and inconvenient houses. 

387. Under tlie circumstances mentioned, it may be safely infi^red that the art was not 
in a very flourishing state in the other parts of the island. Indeed, the ancient Britons, 
ifter retiring to the mountains of Wales, appear to have lost it aJtogether ; and, as the 
Honourable Dairies Barrington ( Ai chaiolopia) has thought^ it is very probable that few, if 
iny, stone buildings existed in Wales previous to the time of Edward 1. 'fhe chief palace, 
called the White Palaccj of the kings of Wales, was constructed with white wands, whose 
bark was peeled off, whence its name was derived ; and the price or penalty, by the laws of 
the country, for destroying the king’s hall or palace, with its adjacent dormitory, kitchen, 
chapel, granary, bakehouse, storehouse, stable, and doghouse, was five pounds and eighty 
pence, equal, in quantity of silver, to sixteen pounds of our money, or 160/. The castles 
appear also to have been built of timber ; for the vassals, upon whom fell the labour of 
building them, were required to bring with them no other tool than an axe. 

388. Neither do the arts of building appear to have been better understood in Scotland 
at the former jiart of the period whereof we are speaking. The church built at Lindis- 
farne by its second bishop, Finan, in 652, was of wood, — more Sentorum; and it has already 
been mentioned that, for the stone church which Naitan, king of the Piets, built in 710, he 
was under the necessity of procuring his masons from Northumberland. In Scotland, there 
are still to be seen some stone buildings of very high antiquity, which Dr. HeJiry seems 
inclined to attribute to this period ; we, however, arc inclined to place them in an age fat 
anterior, later (but not much so) than Stonehenge. We have never seen them, and there- 
fore form our opinion from the description given in Gordon’s Itinerarium Sepienirionale. 
'I'hese buildings are all circular, though of two different kinds, so different from each other 
that they seem to be the works of different ages and of different nations. 'Die four prin- 
cipal ones are in a valley, called Glenbeg. Of a different period, too, we consider the 
circular towers which are found as well in Scotland as in Ireland. It is true that in both 
countries these are found in the neighbourhood of churches ; but that does not the more 
convince us that they were connected with them. 

389. Ducarel, in his Norman Antiquities^ enumerates some of the churches in England 

Among them are those of 
Stukely in Buckingham- 
shire, Barfreston (J\g. 1 80. ) 
in Kent, and Avington in 
Berkshire. Other exam- 
j)les may be cited as at 
Waltham Abbey; the tran- 
sept arches at Southwell, 
Notiinghamshire; the nave 
of the abbey church at St. 
Alban’s, Herts; tower at 
Clupham, BeJs, &c. The 
Anglo Saxon a;ra, though 
it, perhaps, properly com- 
prised the time between 
A. I). 600 to A. n. 1066 ; 
that is, from the conversion 
of the Saxons to the Nor- 
man conquest, is not known 
with any thing approaching 
to certainty, from the reign 
of Edgar in 980 to the last- 
named event ; immediately 
previous to which Edward 
the Confessor had, during 
his lifetime, completed 
Westminster Abbe^ in a 
style then prevalent in Nor- 
mandy, and with a magni- 
ficence far exceeding any 
other then extant. No leas 
than eighteen of the larger 
monasteries, all of them Be- 
n^tetine, bad been foundea 
by the Saxon kings in 
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their tuecefsive idlfnis ; and it is evident that the churches attached to them were the iwosf 
decorated parts, as respected their architecture, llie six principal of these were, St 
* Germain’s, in Cornwall; Col-- 

Chester, in Essex ; Tewkes^ 
bury, in Gloucestershire ; St. 
Frideswide and St. Alban's, 
already mentioned ; and Glas- 
tonbury, in Somersetshire. 
King selects the western por- 
tion of 'lewkesbury as the 
grandest in England for eff'ect 
and extent, 'llie characterise 
tics ot Anyh- Saxon Architec-* 
ture are detailed in tlie follow-^ 
ing paragraph, 

390. Arche%. — Always se- 
micircular, often plain ; some- 
times decorated with a variety 
of mouldings on the suhte as 
well ns on the face, the former being often entirely occupied by them. They arc found 
double, triple, or quadruple, each springing from two columns, and generally cased with a 

different moulding, which is ficqueiitly double, thus 
making six or eiglit concentiic ciicles of them ; and 
as each of them projects beyond that under it, a 
moulding is placed under them, generally the same as 
that used upon the face. (See Jig, 181.) Columns. — 
Single, cylindriccil, hexagonal or octagonal, on square 
plinths ; very few diameters in height. Shafts often 
ornamented with spiral or fluted carving, wi*’. lo. 
renge, herring bone, zigzag, or hatched work. {^Fiy. 
18‘2. ) Capitah. — Indented with fissures of different 
lengths and forms, and in different directions The 
divisions thus formed are vaiiously sloped off, or 
hollowed out towaids the top. (See the two exam 
pies, /r( 7 . 183., from the conventual churth at Ely.) 
Occasionally the capitals have rude imitations of 
some member of a Grecian order, as in the cr)pt at 
I..astringham in Yorkshire, where volutes are used. 
{Fig. 184.) In their ornaments much vaiiety is dis- 
played, but the opposite ones are mostly alike 
/rtWoec*. --Hr«j|k.‘inicircular-headed, extremely nanow 
in proportidl^to their height, being sometimes not 
moic than six or eight inches Avide to a height 
of more than three feet, and splayed or bevelled 
off on the inside through the whole thickness of 
the AA^all. Walls. — Of very great thickness, and 
Masonry of solid construction. Ceilings and Hoof*. 
In crypts, as at Yoik, Winchester, and a few other 



ARCH, CON\KNTUAL CHURCH, Kl 


FIk. IS'i. 

witiiout any buttresses externally. 
— Almost aln'nys open timbeiing. 
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places, vaulting is to be found. OmamentSy except in capitals, in arches and on 
shafts of columns are very sparingly employed. (See Norman Ornaments also, in 

the following section on Norman Architecture, par. 397.) P/ans. Rectangular 

and parallelogram mic ; being usually divided into a body and chancel, separated by an 
ornamented arch The chancel sometimea of equal, and sometimes of less breadth than 





Cukr. III. JSOilMAiS. . : 

i)ie nave, and terininateii towards tlie east {n a aemtcb-ole. In lAtgtf dmreh^ thef# 
49 a nave and two side aisles, the latter being divided from tlie tenner by ranks cf eo- 
luirns; but no ' transepts appear till towards the latter part of th^ period* ** Wie* 
ther,*' observes Mr. Millers, in his account of £ly Cathedral, whose system we adopt, 
** their churches were ever higher than one tier of arches and a range of windows 
above (as at Ely )» may be questioned. Richard, prior of Hexham, speaks of tlireo stories, 
which implies another tier of arches ; but if he is rightly so understo^, this seems an ex- 
ception iVom a general rule, for the church at Hexham is spoken of by all writers who 
mention it, as the glory of Saxon churches in the seventh century. Afterward^ abopt ^70, 
a considerable change took place ; transepts came into general use, with a sejuare tower at 
the intersection, rising but little above the roof, and chiefly used as a lantern to give light 
to that part of the church. Towers were also erected at the west end : the use of them 
coincides with the introduction of bells, at least of large and heavy ones.** The churches 
of this period were of small dimensions, and the comparative sizes of the Saxon and the Nor- 
man churches which followed is almost a criterion of their age. 

391. King (^Muuimenta Autiqua^ vol. iv. p. 240.) gives three ®ras of the Saxon sty^'e^ 
From Egbert, 598, to the Norman conquest. It has l>een questioned by antiquaries 
whether any Saxon remains actually exist in this country; but, admitting their argument% 
ishich are founded on references to records — no mean authorities, — it must be recollected 
that, on their own showing, some of these trench so dose upon the period of the Conquest 
as to show that the Saxon style might have prevailed in them, for the general change of 
style in any art is not effected in a day. If we look for examples coeval with the Saxons 
themselves, and without controversy to be attributed to them, they will, perhaps, be found 
only in crypts and baptismal fonts ; for many churches were rebuilt by the Normans* 
who left these parts untouched. The principal characteri>tics of the style now called 
Anglo-Saxon, are a debased copy of Roman details, comprising long and short masonry, 
the ahsenc*^ of buttresses, semicircular and triangular arches, rude balustres in the window 
openings, hammer dressed work and unchiselled sculptures. A Iso the -occasional use of 
A rude round staircase to the west of the tower. A list of portions of about one hundred 
and forty buildings is given by Godwin, in English ArckcsologiiCg Handbook^ 1867. The 
castles of Roman or Saxon foundation were, Richborough, in Kent ; Castletown, in 
Derbysliire j Porchester, in Hampshire; Pevensey, in Sussex ; Castor, in Norfolk; Burgh, 
in Suffolk ; Chesterford, in Essex ; Corfe, Dorset ; Exeter Castle gateway; Dover, in 
Kent j and Becston, in Cheshire. (Sec also Proportion in Architecture, Book III.) 


Sect. II. 

NORMAN ARCHITECTURE. 

392. From the landing of William in 1066, arcliitccture received an impulse, indicated 
111 various styles, which lasted till the time of the Tudors ; when, as we shall hereafter see, 
it gave way to one altogether different. That called the Norman style, w'hich continued 
from 1066 to nearly 1200, comprised the reigns of William 1., William II., Henry I., 
Stephen, Henry II.* and Richard I. The twelfth century exhibited a rage fur building 
in Britain more violsiii than has been since seen. The vast and general improvements that 
were introduced into |U>ricf and churches in the first years of this century are thus de- 
scribed by a contempoMry writer ( Orderic, Vital, Hist. Eccles,, lib. x. p. 788.) : — “ 'flic 
cathedrals, and abundifhce of churches, newly built in all parts of the country, the great 
number of splendid cloisters and monasteries, and other residences for monks, that were 
there raised, sufficiently prove the happiness of England under tlie reign of Henry 1. ^ 
Peace and prosperity were eqjoyed by the religious of all orders, who lent their whole power 
to Increase the magnificence and splendour of divine worship. The ardent zeal of the faithful 
prompted them to rebuild their houses, and especially their churches, in a more suitable 
manner. Thus the ancient edifices raised in the days of Edgar, Edward, and other Chris- 
tian kings, were taken down, and others of greater magnitude, beauty, and more elegant 
workmanship, were reared in their stead to the glory of God.” As an example of the fervour 
with which these objects were carried into effect, we cite the following instance, quoting 
from Dr. Henry, upon whom we have drawn, and shall draw, rather largely. ** When Jofl'reu, 
abbot of Croyland, resolved to rebuild the church of his monastery in a most magnifioent 
manner (a.o. 1 106), he obtained from the archbishops of Canterbury and York a bull dis- 
pensing with the third part of all penances for sin to those who contributed any tiling 
towards the building of that church. Tliis bull was directed not oiily to the king ana 
people of England, but to the kings of France and Scotland, and to all other kings, earls, 
barons, archbisnqis, bishops, abbots, priors, rectors, presbyters, and clerks, and to all true 
believers in Clirist, rich and poor, in all Christian kingdoms. To moke the best use of 
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tills bull* b« 8fe.1t two of his most elo(ment monks to proclaim it over all France and Flan- 
ders ; two other monks into Scotland ; two into Denmark and Norway ; two into Wales, 
Cornwall, and Ireland ; and otiicrs into dittercnt parts of England, By this means (says 
the historian) tlie wonderful lienefits granted to the contributors to the building of this 
,3hurch were published to the very ends of the earth ; and great heaps of treasure, and 
masses of yellow metal, flowed in from all countries upon the venerable abbot Joffred, and 
encouraged him to lay the foundations of his church. Having spent about four years in 
collecting mountains of different kinds of marble from quarries, both at home and abroad, 
together with great quantities of lime, iron, brass, and other materials for building, he fixed 
a day for the great ceremony of laying the foundation, which he contrived to make a very 
effectual mean of raising the superstructure; for on the long-expected day, the feast of 
the holy virgins Felicitas and Perpetua, an immense multitude of earls, barons, and 
knights, with their ladies and families, of abbots, priors, monks, nuns, clerks, and persons 
of nil ranks, arrived at Croyland to assist at this ceremony. The pious abbot Joff red began 
oy saying certain prayers, and shedding a flood of tears on the foundation. Then each of the 
earls, barons, knights, with their ladies, sons, and daughters, the abbots, clerks, and others, 
laid a stone, and upon it deposited a sum of money, a grant of lands, tithes, or j)atronages, 
ora promise of stone, lime, wood, labour, or carriages for building the church. After this 
the abbot entertained the whole company, amounting to five thousand persons, to dinner. 
To this entertainment they were well entitled ; for the money and grants of different kinds 
which they had deposited on the foundation stones were alone sufficient to have raised a 
very noble fabric.” This spirit extended throughout the island ; for, in Scotland, David I. 
raised thirteen abbeys and priories, some of them on a scale of considerable magnificence, 
besides several cathedrals and other churches. 

39.3. The common people of the country, and the burgesses in the towns, were not 
much better lodged than in the previous age ; their condition, indeed, was not improved. 
In London, towards the end of the twelfth century, the houses were still built of timber, 
and covered with reeds or straw. The palaces, however, or rather castles, of the Anglo- 
Norman kings, nobility, and prelates, were on a very superior construction. William of 
Malmesbury says that the Anglo-Saxon nobility squandered their ample means in low and 
mean dwellings ; but that the French and Norman barons lived at less expense, though 
dwelling in large and magnificent palaces. The fact is, that among tliese latter the rage for 
erecting fortified castles was quite as great as that of erecting ecclesiastical buildings 
among the prelates. 'I’he system became necessary, and was induced as well by the pre- 
vious habits of the country they had left, as by their situation in the island. Surrounded 
by vassals whom they held in subjection, and whom they depressed and plundered in every 
way, they were so detested by tliem that deep fosses and lofty walls were necessary for 
their security. Tlie Conqueror himself, aware that the want of fortified j)laces had no less 
assisted his conquest than it might his expulsion, resolved to guard against such a contin- 
gency by the strong ciistles which he placed within the royal demesnes. Matthew Paris 
observes that William excelled all his predecessors in the erection of castles, in executing 
which he harassed his subjects and vassals. So much was the practice a matter of course, 
that the moment one of the nobility had the grant of an estate from the crown, a castle was 
built upon it for his defence and residence; and this spirit was not likely to be diminished 
by the disputes relative to the succession in the following reigns. William Ilufus, accord- 
ing to the statement of Henry Knighton, was as much addicted to the erection of royal 
castles and palaces as his father, as the castles of Dover, Windsor, Norwich, and others 
sufficiently prove ; and it is certain that no monarch before him erected so many and noble 
edifices, llenry I. followed in his taste; but in the reign of Stephen, 1135 to 1 154, says 
the author of the Saxon Chronicle^ every one who had the ability built a castle, and the 
whole kingdom was covered with them, no fewer than 1115 having been raised from their 
^ foundations in the short space of nineteen years ; so that the expression is by no means 
stronger than is justified by the fact. 

.394. It will be proper here to give the reader some concise general description of these 
structures, which served for residence and defence. The situation chosen for a castle was 
lutually on an eminence near a river. Its figure on the plan was often of great extent, and 
irregular in form ; and it was surrounded by a deep and broad ditch, called the fo$§t^ 
which could be fillel with water. An outwork, called a barbican, which was a strong and 
lofty wall, with turrets upon it, and deiigned for the defence of the great gate and draw- 
bridge, was placed before the latter. Within the ditch, towards the main building, was 
placed its wall, about 8 or 10 ft. thick, and from 20 to 30 ft. high, with a parapet and 
embrasures, called crenueU, on the top. At proper intervals above the wall square towers 
were raised, two or three stories in height, wherein were lodged some of the principal 
officers of the proprietor of the castle, betides their service for other purposes ; and, on the 
inside, were apartments for the common servants or retainers, granaries, storehouses, and 
other necessary offices. On the top of the wall, and on the fiat roofs of the towers, the 
defenders were placed in the event of a siege ; and tlienct they discharged arrows, darts,' 
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and Htones on tlicir assailants. The great gate was placed In some part of the wall Daiiked 
with a tower on each side, with rooms over the entrance, which was closed with massive 
oak folding doors, frequently plated with iron, and an iron grate, or portcuttU^ which, by 
machinery, was lowered from above. Within this exterior wall, or Iwllium, was, in the 
more extensive castles, the outer balliunit which was a large open space or court, whereh) 
a church or chapel was usually placed. Within the outer ballium was another ditch, with 
wall, gate, and towers, inclosing the inner ballium or court, in which was erected the 
targe tower, or keep. It was a large fabric, some four or five stories high, whose enormously 
thick walls were pierced with very small apertures, serving barely as windows to the gloomy 
apartments upon which they opened. This great tower was the dwelling of the owner ot 
the castle; and in it was also lodged the constable, or governor. It was provided with 
underground dismal apartments for the confinement of prisoners, whence the whole build- 
ing received the appellation of dungeon. In the keep was also the great hall, in which the 
friends and retainers of the owner were entertained. At one end of the great halls ot 
castles, palaces, and monasteries, a low platform was raised a little above the rest of the 
floor, called the dots, on which stood the principal table whereat persons of higher rank 
were placed. 'Flie varieties which occurred in the arrangement and distribution of castles 
were, of course, many, as circumstances varied; but the most magnificent were erected nearly 
on the plan we have just described, as may be gathered as well from their ruins as from an 
account by Matthew Paris of the taking of Bedford Castle by Henry 111., a. n. 1224. 
I’liis castle, we learn from him, was taken by four assaults. In the first was taken the bar- 
bican ; in the second, the outer ballium; in the third attack, the miners threw down tiie 
wall by the old tower, where, through a chink, at great risk, they possessed themselves oi 
the ijiner ballium ; on the fourth assault, the miners fired the tower, which thereby became 
so injured and split that the enemy thereon surrendered. The keeps of which we have 
spoken are such extraordinary edifices, that we think it right to place before the reader 
the following table of some of the principal ones of the Norman u;ra, as given in iJaiid 
wey’s Ditcourses upon Architecture, 


Internal Square, or Obloug. 


Natnet. 

j LeitiiUi. 

breadth. 

Height. 

Divikion of Hooint. 

I'ower of London 

i iinft. 

90 ft. 

...ft. 

By semicircular arches. 
Pour floors. 

Porclioster 

115 

05 



Canterbury 

88 

80 

60 

Two walls contintted 
from the base to the 
top. 

Rochester 

75 

72 

104 

By semicircular arches. 

Dover • • 



92 

Colchester 

UO 

102 

— 

Three large rooms on 
eacli floor. 

Norwich 

no 

92 

70 

. > - . . 

Ludlow 





no 

Four stories. 

Hedingham 

62 

55 

100 

Three tiers above base* 
ment. 

Guildford 

42 

47 




Oxford 

. 



- . » - - 

Uamburough . 


. 



Hlclnnond 

1 

■ 


Vault supported by a 
single octangular pil- 
lar. 

Newcastle upon Tyne 

82 

C‘i 

54 

By internal arches and 
door cases in Nor- 
man style. 

1 Corfe 

72 

00 

HO 


Date), and KouiHlera. 


William the Conqueror. 


Gundulph (Bishop). 


lloRer Bigod. 
Huger de Luci. 


Robert D’Olley. 
1070. 

1100. 


1080. Robert, son of 
Wllliuin I. 


Hound, or Polygonal. 


Arundel 

69 

67 — 

lioof open In the centre, 
straight buttresses. 

1 

1070. Rogv Montgo- 
merl. 

Conisburgh - 


2S diameter. 

Three floors, two of 
them state apart- 
ments. 

1070. W de Warren. 

York - 

64 

45 

Four segments of 

1068. W llllam the Cun- 

Tunbridge 

€1 

60 — 

circles 

querur. 

Berkeley 

• 

- 

j Circular, flanked by 
four small towers. 

1120 Rob. Fitshardiiif. 

Lincoln 

- 

— 



I06G. William the Con- 

Oxford 

I 

- 

1 1 

Polygon, flanked by 
three square towers. 

queror. 

Windsor - 

90 

85 — 


Rebuilt by Edw. III. 

Durham - - j 

63 

61 


Heightened in 1830. 


B95. Gundulph b said to have introduced the architectural ornaments of the Norman 
style into the interior as well as on the exterior of castles, llie use of battlements, loop- 
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twisa. and open gelleriea, or machicolations, was certainly, as Our autlior abure quoted rec 
mmrlis, knov/n to the lloinans. 

Troe« contra, deAendere mxIi *. i • km 

Perque cavaa denil tela intorquore feneftrai. dfw. l. ix. o*». 

*nie Brchitects and artificers by whom the Norman works were planned and executed were 
men of great science and skill, and the names of several have most deservedly obtained a 
place in history. Gervaseof Canterbury records that William of Sens, the architect of Arcli- 
bishop Lanfranc in building his cathedral, was an artist of great talents ; and that he not 
only made a complete model of the cathedral upon which he was employed, but of all the 
details of sculpture necessary for its execution, besides inventing machines for loading and 
unloading the vessels, and conveying the heavy materials, many whereof were brought from 
Normandy. Of Walter of Coventry, another architect of the age, Matthew Paris speaks in 
the highest terms, saying that so excellent an architect had never yet appeared, and pro- 
bably never would appear in the world.” Dr. Henry on this very properly observes, 

‘ That this encomium was undoubteilly too high ; but it is impossible to view the remains 
of many magnificent fabrics, both sacred and civil, that were erected in this period, without 
admiring the genius of the architects by whom they were planned, and the dexterity of the 
workmen by whom they were exociiteil.” (Sec par. 321 ct seq ) 

396. Of the twenty-two English cathedrals, fifteen retain parts of Norman crertion, 
whose dates are pretty well ascertained , and by them the Norman manner was progressively 
brought to perfection in England. We subjoin the following enumeration ot Norman 
bishops, who were either patrons of the art, or arc supposed to have practised it themselves. 

A I). I 

1061) to lOflO Aldretl, Hishop o( Worcester 
1077 to 1 107 Gitndulph, of Hochester. 

108() to 1108 Maurice, of London. 

UHJ3 to 1 m William de Curil( pho. 

1080 to 1100 Lanfianc, of Canterbury. 

1107 to 1140 linger, of Salisbury. 

I llintoll25 Lrnult, of Hochester 
I 1123 to 1147 Alexandei, ot Lincoln 
1 iriOtollGO llcnr) of Blois, HLhop of W inchcstei 

I U88 to 1181 Hogcr, Archbishop of York 

Of Norman aichitccture tlie principal c laracieribtics arc subjoined in the following suh- 
section. (Sec also Book HI., cliap. in.) 

397. AiJies — Generally scmiciieulai, as in the nave ofGloncestcLheie given {fg 185 ). 
Of larger opening than the 
Saxon, and their ornaments 
less minute ; often bound- 
ed by a single moulding, 
though sometmies by tiMM-e 
than one; occasionally with- 
out any moulding at ilrtl ; 
the soffitt always plain. 

In the second stoiy, two 
smaller equal Riches under 
one larger, with a column 
of model ate sue, or even 
comparatively slender, be- 
tween them. In the third 
story (see fg. 186.), gene- 
rally tlnrec together, the 
centre one higher and 
broader than the others, and 
opened for a window ; but 

‘'"'y O'- 

cupy a space equal to that 
of the lower arch. Arches of entrance arc profusely decorated 
(Jig. 187., from Ely) with mouldings, foliage, wreaths, masks, 
figures men and animals in relief, and all the fancies of the 
wuldest imagination, in which every thing that is extravagant, 
grotesque, ludicrous, nay, even grossly indecent, is to be found. 

Before the end of the period — and we may almost say early in 
it — it exhibits examples of pointed archea. They are, how- ***• ’’hsk* •Tfmiiw ov A 
ever, sparingly introduced ; one or more tiers appear in the up- »onuA» catu«d»au 
| iei btoriesofa building, whilst all the lower ones are circular. Sometimes they are intro- 
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iuced filternately, sometimes ire find one capriciously inserted between several round ones; 
tbcfc are. For the most part, obtusely pointed) though occasionally they aie tlie reverse. 

'i'hey ere always wide, stand os 
heas y columns, or are decorated 
witli mouldings, or both, llie 
approaches to the pointed style 
were not strongly marked, but 
they were indicated; for the 
pointed style cannot be pro* 
now^ced to have commenced 
until the sharp-pointed arch 
sprung from a- slender column 
graced with a capital of carved 
foliage, and this it is not safe 
to place earlier than the reign 
of John, 'riic arch which rises 
more than a semicircle does 
not very often occur ; but it 
must be mentioned as exhibit* 
ing one of the varieties of the 
pe;riod. Columns. — '1 hese are 
of very large diameter relative 
to their heiglits and intervals. 
Their shafts are circular, hexa- 
gonal, and sometimes octago- 
nal, on the plan ; fluted, lo- 
zenged, reticulated, and other- 
wise sculptured. Sometimes 
they arc square on the plan, 
and then accompanied by por- 
tions of columns or pilasteis 
applied to them. Sometimes 
four columns are connected 
together, witli or without an- 
gular pieces. I’hey are much 
liigher in proportion to their 
diameters tlian the Stixon co- 
lumns herctofoie desciibed ; 
and though their capitals aie 
not unfiequently quite plain, 
they are more commonly deco- 
lated witli a species of volute, 
Tlie bases stand on a strong plinth, 
Windows, aie 



Pl( 187. 


PHIOH g BN PNANCB AT Bl T. 


j or With plants, flowcis, lca\es, shells, animals, iue oases sianu on a 

Eilapted on its plan to receive the combined and vaiitd forms ol the columns. nmaows, aie 
still narrow,and semicircular-headcd ; but they are higher, and often in groups of two or lliree 
together. Ceilings, usually, it not always, of timber, except in crypts, in wliich they are 
vaulted with stone, wuth groins mostly plain, yet sometimes ornamented on the edge, but uni- 
versally without tracery. The White Tower of London, however, exhibits an example of a 
centie aisle covered with vaulting. Our belief is, and in it we are corroborated by the Rev, 
JMr. Dallaway, whose judgment we hold in no small esteem, that there is no instance of a 
genuine Anglo Norman building which was intended to be covered with a stone roof or 
ceiling, 1 his is not only indicated by the detail, but by the circumstance of the ivalla 
being insufncient (thick as they aie) in solidity to resist the thrust. Peterborough, Ely 
St. 1 eter’s, Northampton, Steyniiig, Romsey, &c. are calculated ond constiucted to receive 
wooden roofs only. WuIIh, are of extraordinary thickness, with but few buttresses, aud 
those of small projection ; flat, broad, and usually without ornament. Ornaments.-^ Amom 
these must be hrst named the ranges of arches and pilasteis which had nothing to support 
already incidentally mentioned, and which were intended to fill up void spaces, intcrnalJv 
as well as externally, for tlie purpose of breaking up large masses of surface: they are 
very common on the inside of north and south walls, sometimes intersecting each .other so 
as to produce those comDartmenis that are fn 


: j ^1 » watts, suiiicumes intersecting eacJi .otlier so 

M to produce those compartments tlwt are alleged to have given rise to the pointed arch. 
I'he monld.nnrB nf .ha So .1 J we ought, perhaps, to 


I'he mouldings of the Saxon period continued luuvu m use, ana we ought, perhaps, to 
have given some of them, as belonging to the preceding section ; and, indeed, should have 
so done, if, m the No^au style, they had not increased in number and variety, and had 
not also been employed m profusion about the ornamental arches just named, eiiecially in 
conspicuous places on the outside, as in the west front especially. The most usual orna- 
niciiti {Jiff, 188.) were, 1. The chevron, or zigzaff moulding; 2. The mbaWed /retie i 



174 


HISTORY dt’ ARCHITECTURE. 


Boojt I. 


JnUr^ SH 

2 3 



S. The triangular frette ; 4. The nail head ; 5. Tlie hWet; 6. The cable; 7. Tlie hatched ^ 
8. The lozenge; 9. The wavij; 10. The pellet moulding; 11. U’he nebule. The torus \va» 
used, as was also the cavettOy which were both of Grecian extraction. The chief of these 
ornaments, perhaps all, were used in the Saxon age, besides others which were oc- 
casionally employed, and which to designate by name would be difficult ; such, for in- 
stance, as the corbel-table (12), which consists of small ranges of arches, resting on conssoles 
sometimes decorated with carved heads, often introduced along the whole building im- 
mediately below the caves or battlement. Sometimes carved heads are observed in tha 
spandrels of arches, and are aKo used as capitals of the ornamental pilasters, or as cor- 
bels, to support what is called the can.ipy, or exterior semicircle of moulding on arches 
of entrance, or above the keystones of those arches. There are instances of whole figures 
over doors in mezzo-rilievo. which Millers observes was t|ie nearest approach the Normans 
seem to have made to a statue. Plans. — The churchei of this period are always with 
transepts, and a tower at the intersection, loftier than heretofore, but without spires over 
them. Tliere are rising from them stories of arches, one above the other ; and the eastern 
ends are semicircular. Though much of the &ixon style is retained, there is, from the 
larger dimensions of the edifices of this period, a much more impressive air of mag- 
nificence than had before appeared. Millers very truly says, that the churches were 
“ in all dimensions much ampler, with a general air of cumbrous massive grandeur. 
The Normans were fond of stateliness and magnificence ; and though they retained the 
other characteristics of the Saxon style, by this amplification of dimensions they made such 
a striking change as might justly be entitled to the denomination which it received at 
its first introduction among our Saxon ancestors, of a new style of architecture.*' The 
criterion between the Saxon and Norman styles, of enlargetl dimensions, is too vague 
to guide the reader in a determination of the age of buildings of this period ; for it is only in 
targe edifices, such as cathedral and conventual churches, with their transepts, naves, side 
aisles, and arches in tier above tier, that this can be perceptible. There are many parish 
churches of this age, whose simplicity of form and small dimensions have been mistaken 
for Saxon buildings *, and which, from not possessing any of the grander Norman features, 
have been assigned to an earlier age. The distinction ascertainable from heights of co- 
lumns, — namely, taking the height of the Norman column at from fbur to six diameters, 
and that of the Saxon at only two, — will, we fear, l)e insufficient to decide the question in 
cases of doubt; but it must be admitted this is one of the means which, in some measure, 
would lead us to an approximate judgment of the matter, and a careful observation and 
comparison of specimena would make it more definite. Wo shall here merely add, that the 
first Norman architects, by the lengthened vista of the nave, uninterrupted by any choir 
screen, produced a sublime and imposing effect by the simple grandeur and amplitude of 
dimensions in tl>eir churches. 

398. Examples of Norman architecture in English cathedral churches are toW 

found at in the western towers and nave; at Bristol, in the elder Lady Chapel, and Chap- 
ter Houae; at ia thetboir,andtha4roahd part called Bechet's Crown; at Nmokk^ 
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in the nave and choir ; at Iferefird, in tlie tran.sept toiver and choir ; at fFiellit in .the nave 
and choir ; at Cheiter^ in the Chapter House ; at Chichesteft in the presbjrtcry ; at Peter- 
huroughy in the transept. In the conventual churchrsy for examples we may ref^ the reader 
to Llantonyy near Monmouth ; the nave and west front of Fountaine, Yorkshire ; the nave 
and chapel of St, Josephy at Glastonbury ; the west front at Selby y in Yorkshire ; many parts 
at St, Alban'e ; the choir at Werdocky in Shropshire ; CartmeU, in Lancashire ; Fumese ; West 
End, at Bylandy with the wheel window, and the south transept ; parti of Bdtony in York- 
shire ; part of Brinkbourn, in North umlierland ; part of Edmondaburpy in Suffolk ; and St. 
John^a Churchy at Chester. For examples of parochial churches, Melton, Suffolk : Sotterton 
and Sleaford, Lincolnshire ; Christchurch, Hampshire ; Sherhouru Minaier, Dorset ; fVin- 
ehelsea, Steyning, and New Shoreham, Sussex ; chancel of St. Peter a,' Oxford ; Earta Barton 
Tower, Northamptonshire ; West Walton Tower, Norfolk ; Iffiey, Oxfordshire ; CaatU Jtiain^ 
Norfolk ; St. Margaret* a Porch, at York ; St. Peter* a Church, Northampton ; betides seVeral 
round or polygonal bell-towers, both in Suffolk and Norfolk, — may be referred to. Ex- 
amples of military Norman architecture, from 1070 to 1270, were at Launceaton, Cornwall, 
Arundel, Sussex ; Windaor, in Berks (rebuilt) ; Tower of London ; the square keeps ol 
Hiiingham, Essex ; Caerphiliy, Glamorgan ; Cariabrook, Isle of Wight ; Porcheater, Hants 
(1160); Gvilrlford, Surrey; Baviborough, Northumberland; Kendworih, Warwickshire; 
Itichmondy Yorkshire; Cardiff, Glamorganshire; Canterbury, Kent; Oxford (1071); 

Northumberland ( 1 120 ) ; Giaborough, Yorkshire ( 1120 ); CaAle Rising, Nor- 
folk ; Middleham, Yorkshire ; Cochenmnth, Cumberland ; Durham ( 1 1 53) ; Lincoln ( 1086) ; 
Berkeley, Gloucestershire ( 1 153) ; Lancaster; Oi^rd, Suffolk, polygonal (1 120 ) ; Ludlow^ 
Salop ( 1 120 ) ; Kenilworth, enlarged ( 1220 ) ; Warkworth, Northumberland, square, with tha 
angles cut off; Denbigh ; Beeston, Cheshire ; Hawarden, Pembrokeshire. 


Sect. III. 

EAKLV KNGUSH ARCHITECTtHE. 

399. The next period of architecture in Britain which comes under our consideration 
following, as we consider it, the sensible classification of the Rev. Mr. Millers, is that 
which he has denominated the early English style, whose duration was from about 1200 to 
1300 ; extending, therefore, through the reigns of John, Henry III., and Edward I., during 
which the building of churches and monasteries was still considered one of the most 
effectual means of obtaining the pardon of sin, and consequently the favour of Heaven. In 
the thirteenth and fourteenth centuries, the- churches built in Britain were almost 
innumerable. 

400. We have already noticed (chap. ii. sect. xv.)thc introduction of the pointed arch into 
architecture j a feature which completely changed, from all that previously existed, the eha- 
ractor of the edifices to which it was applied. If any service could be rendered to the history 
of the art, or if the solution of the problem, “ who were its inventors?” could throw an) 
useful light on the manners and customs of the people that first adopted it, we should be the 
last to relinquish the investigation. The question has furnished employment to many 
literary idlers, but the lalmur they have bestowed on the subject has not thrown any light 
on it; and excepting the late Mr. Whittington and the late Prof, Willis of Cambridge, 
on whose valuable enquiries we cannot sufficiently enlarge, they might have been more use- 
fully engaged. This statement must necessarily be modified in consequence of the publica- 
tions of the learned labours/if Mr. Fergusson, of which we have so largely availed our« 
selves in the above-named section ; besides those of Thomas Rickman, of Mr. Shai;jie^ and 
of other ardent enquirers on this and kindred subjects. 

401. During the reign of Henry III. alone, no less a number than 157 abbeys, priories 
and other religious houses were founded in England. Several of our cathedrals and con- 
ventual churches in a great part belong to this peiiod, in which the lancet or sharp-pointed 
arch first appeared in the buildings of this country, though on the Continent it was used 
nearly a century earlier. The great wealth of the clergy, added to the real of the laity, 
furnished ample funds for the erection of the magnificent structures projected ; but it was 
with extreme difficulty that workmen could be procured to execute them. With the popes 
it was, of course, an object tbit churches should be erected and convents endowed. On the 
subject of the employment of Freemasons we have already expressed our view* {par. 308, 
et aeq,), there^we we cannot coincide with Wren, ParentaUa, in atating that they ranged 
from one nation to another, their government was regular, apd they made a camp of 
huti $ a surveyor governed in chief ; every tenth man was called a warden, and over- 
look^ each nine. ** Those who have seen the account in records of the cliarge of the 

of «omi onr cathedrab, near iOO.ifears <dd» cannit but have a great esteem for 
Ilieir eooMOf^ laaA admire bow eemn ^y erected such Ip^y etruytuiee.*' it was in the 
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9(Mine of this period that sculpture was first made extensively available for arcliitectuvaj 
doooratioa. 'Hie cathedral, conventual, and other ehurehes built in Britain, began to be 
0mamenteU>O0 the outside with statues of various dimensions in basso and alto rilievo. 
Tliey wClfe not^ual in execution to those of France, which have also had the additional 
^)od ibrtune to have been better preserved, from their exposure to seasons less inclement 
and to an atmpsphere unimpregnated with the smoke of coalv 
^ 402* Steat improvements seem to have taken place in the castles of the time ; they still 

continued to serve for the dwelling and defence of the prelates' and barons of the country 
The plans of them were generally similar to those alrfinly described ; but it must still be 
conceded that the inhabitants and owners of them sacrificed their convenience to their 
security, which seems to have been the chief concern in the construction of their castles, 
whose apartments were gloomy, whose bed-chambers were few and small, whose passages 
were narrow and intricate, and their stairs steep and dark. The plan, however, as 

Mr, Dallaway observes, “ which 
allowed of enlarged dimensions, 
and greater regularity and beauty 
in tlip architecture of the towers, 
owes its introduction into Eng- 
land to King Edward 1. We 
may, indeed considei his reign os 
the epoci) of the grand style of 
accommodation and magnificence 
combined in castle architecture. 
Wlien engaged in the Crusades, bo 
6UI vcyed with satisfaction the supe- 
rior fonn and strengtli of the castles 
in the I evant and in the Holy 
liHiid ” Of the five castles erected 



by him in Wales, Caernarvon (/?</• 1H6. ), Conway 190 , showing the suspension bridge, 
and the i ail way bridge beyond u), Harlech, and Beaumaiis still retain traces of their an- 
cient magnificence, but that of Aberystwith has scarcely a ftature left Caernarvon Cairtie 

consisted of two distinct parts : 
«one military, and suited to the 
reception of a garrison ; the other 
palatial. I'lie ground plan was 
oblong, uneqtmily divided into a 
lower and an upper ward. Of the 
towers, which are all polygonal, 
the laigest, from some tradition 
called the Eagle 'lower, has 
thrcesmall angular turrets rising 
from it; the otlieis having but 
one of the same description. 
“'Ihe ei closing walls,” conti- 
nues Mr. Dallaway, “ are seven 
feet thick, with alutes and para- 
pets pierced fiequently with 
(ftikt boles. A great singulai ity is observaldfi in the extreme height both of the great 
entrance gate a^id that which is called tbfl<^eeu’s. Leland Observes of the poitcullises at 
Bembroke, tha| they were compoted ex t^ido faro. In confirmation Of the opinion that the 
royal founder ailopted the ibrin of gates of entrance from the East, similar ones are 
almost universal in the castles, mosques, and palaces of the Safheens, which he had so fre- 
quently seen during the Crusades. Of entrance from the town of Caernarvon is 

still })erfect, and is the most handsome structure of that age in the kingdom. It is at 
least 100 ft. high ; and the gateway, of very remarkable depth, is formed by a succession 
of ribbed arches, sharply pointed. 'Hie groovy for three portcullises may be discovered ; 
and above them arc circular perforations, thioiigh wliiih missile wea^ions and molten 
^ lead might be discharged upon the assailants. In the lower or palatial division of the 
castle stand a large polygonal tower of four stories, which was appropriated to Queen 
Eleanor, apd in which her ill-fated son was boro, dnd another which was occupied by 
the king, ^ a xjircular shape externally, but si^nare towards the court The apartments in 
the last mentioned are larger, and lighted by windows with square heads, and intersected 
witli carved mullions. lliere is a singular aw^vance in the battlements, ei^ of which 
had on exc^ation for tlie archers to stand in, pointing their arrows through the slits ; 
and, a curious stratagem, the carved figures of soldiers with helmets, apparently looking 
pver the parapet Hits device is repeated at Chepstow.” The ornamental character of 
the architecture at CWnarvon and Conway is rather ecclesiastical, or conventual, than 
military. At Conway, as lias been well observed by an anonymous avthot^ «« what ii 
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called the Queen*a Oriel is reinarkable for the foncy, luxurUmpet aitd elegance of the work>* 
n^analiip. Nor is the contrivance of the little terraced garden bel 0 W» considering the 
/ history of the times, a matter of smalt 

curiosity, where, though ell the 8ur> 


rounding countiy were liomk^ ft’esii 
air might be safoly enjoyed s and tlu; 
commanding view of ^e i^nfolarly 

5 ,^ lioautifid landhcape around, from both 

m that little herbary or garden, and the 
bay window or oriel, is so managed tu 
to leave no doubt of its purpose.** 

403. Tlie model of Conway Castle 
has little resemblance to tliat we have 
just left. It resembles rather the 
^ fortresses of the last Greek emperors, 

or of the chieftains of the north oi 

Italy. The towers are mostly cir* 

n«..91. o*«.rnn.«cu.T.«. ^ ^ 

single slender one rising from each ; and machicolations, not sCen at Caernarvon, are in- 

troduced. 'rhe greater part of the castles of Wale* and Scotland for the defence of the 
niarches were built 

f * I wera reued upon 

kik. 192. TRwoii. AKo cl^^}UKKOII iiKAira. general plan of M\| ifffl HI ml/ 

Uiose he had erected, though varying in dimensions | yj |M j[H] |[||(| 

and situation, according to the means of defence pro* T Tfff f ^ 

posed to he secured to their founders and possessors. ' 'T |l|| 

We may here observe, that in the castle at Conway | |||] 

Edward I. erected a hall 129 ft. by SI, and 22 ft. | |||l 

high, which is formed to suit the curvature of the | |||| 

rock; and that from that period no residence of ,,,,4ii 8 I| | 

consequence, either for the nobility or feudal lords, 1 T]T|||j 

— p was erected with- | | J|||j 

varying, j ||| I 

^ however, of course, | jil j 

in their minuter mmiIi J4| |||| 

] parts, according to 1 T| ||||| 

4 I circumstances, and | ||j| 

J in degree of mag- || ||]| 

r 404. Caer.Phil- iiiiJiu aylii 

ly Castle, in Gla- [ j j { 
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■ morganshire (yly. „ 

rU(. i9t. n-AN or conjifK 191/), was another * 

of the oastlei^ of this period. It was the strong-hold of tl»e De Spencers in the reign of 
tile second Edward. Its vallations and remains are very extensive. 'Die hall was much 
larger than that at Conway. 

405. tile characteristics of this style are, that the arches are sharply (lancet) pointed, and 
lofty in proportion to their span. In the upper tiers 
two or more are comprehended under one, finished in 
trefoil or cinquefoil heads (fip. 192.) instead of points, tlie 
separating columns being very slender. Columns on which 
the arches rest (/y. 193.) are very slender in proportion 
to their height, and usually consist of a central shaft sur- 
rounded by several smallW on^ (/y. 194.). The base 
takes tlie gtftcral form of the cluster, and the capital (Jig. 
1 95.) is freqiteiitly decorated with foliage very elegantly 
composed. The mndows are long, narrow, and lancet 
shaped, whence some writers have called this style the 
Fni. iw. sAKTAi or Lancet Gothic. They arc divided by one plain mullion, 

K 


mi 



HISTOIlY OF ARCHITECTURE. 


Book J, 


m 


or lir upper tiers two et most, finished at the top with some simple ornament, as a Josenge 
Of o Ir^btL They have commonly small marble shafts on each side, I»th internally and cm- 
temoUyi three, or more togc^er at the east or west end, and tier above tier. Jioq/i 
are high |iitch^ and the ceilings vaulted, exhibiting the first examples of arches with cross 
springers only, which in a short period diverged into many more, rising from the capitals or 
the columns, and almost overspreading the whole surfree of the vaulting. The longitudinal 
horizontal line which reigned ^ong the apex of the vault was decorated with bosses of flowers, 
figures, and other fancies. fTal/s much reduced in thickness from those of the preceding pe* 
riod ; they are, however, externally strengthened with buttresses, which, as it w(*re, 1<^ 
against them for the purpose of counteracting the thrust exerted by the stone vaults which 
form the ceilings, and which the walls and piers by their own gravity could not resist. 'I'hc 
buttresses are moreover aided in their office by the pinnacles, adorned with crocketi; at theii 
angles, and crowned with finial flowers, by which they are surmounted. T/ie ornaments now 
become numerous, but they are simple and elegant. TTie mouldings are not so much varieti 
as in the Norman style, and are generally, perhaps universally, formed of some combination 
of leaves and flowers, used not only in the circumference of arches, especially of windows, 
but the columns or pilasters are completely laid down with them. Trefoils, quatrefoils, 
cinquefoils, roses, mullets, bosses, paterae, &c. in the spandrils, or above the keystones of 
the arches and elsewhere. Tlic ornamental pinnacles on shrines, tombs, &c. are extremely 
high and acute, sometimes with and sometimes without niches under them. In east and 
west fronts the niches are filled with statues of the size of life and larger, and are 
crowned wi,th trefoil, &c. heads, or extremely acute pediments, formed by the meeting of 
two straigMlines instead of arcs. All these ornaments are more sparingly introduced into 
large etUire edifices than in smaller buildings or added parts. The plans are generally 
similaiW those of the second period ; but that important feature the tower now begins to 
rise to a great height, and lanterns and lofty spires are frequent accompaniments to the 
structure. It will naturally occur to the reader, that in the transition from the second to 
the third style, the architects left one extreme for another, though it has been contended 
that the latter has its germ in the former. However that may 1^, the period of which we 
are now speaking was undoubtedly the parent of the succeeding styles, and that by nc 
very forced or unnatural relationship. (See Book III, Chap. 3.) 

406. The principal examples of the early English style In the cathedral churches of 
England are to be seen at Oxford, in the chapter- lu>use. Lincoln, in the nave and arches 
beyond the transept. York, in the north and south transept. At Durham, in the additional 
transept. Wells, the tower and the whole western front. Carlisle, the choir. Ely, the 
presbytery. Worcester, the transept and choir. Salisbury, the whole cathedral } the only 
unmixed example. At Rochester, tlie choir and transept. ** It is well worthy of observa- 
tion,” says Mr, Dallaway, “ that though the ground plans of sacred edifices are, generally 
speaking, similar and systematic, yet in no single instance which occurs to my memory do 
we find an exact and unvaried copy of any building which preceded it in any part of the 
structure. A striking analogy or resemblance may occur, but that rarely.” 

407. Tile examples of conventual architecture of this period, to which we beg to refer 
the reader, are those of Lanercost, in Cumberland ; Rivaulx, Yorkshire ; Westminster Abbey, 
At Fountains, the choir and east end ; Tinterne Abbey, in Monmouthshire ; Netley, Hamp- 
shire ; WJdtby, in Yorkshire; Valle Crttcis, in Denbighshire; Ripon Minster and the 
south transept of Beverley Minster, in Yorkshire ; Milton Abbey, Dorsetshire ; part of the 
nave of St, Alban's ; Tynemouth and Brinkltourn, Northumberland ; Vale Royal, in Cheshire ; 
and the eastern fa 9 ade of Howden, in Yorkshire. 

408. Among the examples of parochial churches in this style are Grantham, in Lincoln- 

shire, whose tower is 180ft, high; Attelborough, in Norfolk ; Higham Ferrars, in North- 
amptonshire; St, Michael, Coventry; TVwro, in Cornwall ; in Oxfordshire; StraU 

ford upon Avon, in Warwickshire; St. Peter MancrofU^ Norwich; Boston, Lincolnshire, 
remarkable for its lantern tower rising 262 ft. from the ground, and perhaps almost 
belonging to the succeeding period ; St. Mary, Edmund's Bury, Suffolk ; Maidstone, in 
Kent ; end Ludlow, in Shropshire. 


Sect. IV. 

ORNAMENTED ENGLISH ARCHITECTURE. 

409. The fourth period in the architecture of Britain is that which Mr. Millers calls the 
Ornamented English Style, which liegins about 1300 and lasts till 1460, and comprises, 
therefore, the latter portion of the reign of Edward I., and the reigns of Edward II. 
Edward HI., Richard II., Henry IV., Henry V., and Henry VI. 

410. This asra has by Dallaway and others been subdivided into two parts, viz. first 
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from 1 300 to 1 400, which they call that of the Transition Style or pure GoOiicf and frond 
1400 to 1460, called the Decorated Gothic ; but the change between the lat^t examples 
of the first and the earliest of the last is marked bv such nice and almost 4mpef:^lftible 
distinctions, that it is next to impossible to mark their boundaries with pirecisiori ; and we 
have therefore preferred adhering, as we have in the other ages of the to the arrange* 
ment adopted by Mr. Millers. In the early part of the period the change^ or rather pro- 
gress, was extremely slow, and marked by little variation, and, indeed, uOtil 1400, the 
style can scarcely be said to have been perfected ; but after that time, it rapidly attaint all 
the improvement whereof it was susceptible, and so proceeded till about 1460; after 
which, as we shall hereafter see, it assumed an exuberance of ornament, beyond which as 
it was impossible to advance, it was in a predicament from which no change could be 
effected but by its total abandonment. 

411. Notwithstanding the wars of the rival houses of York and Lancaster, which occu- 
pied a considerable portion of the interval whereof we are speaking, and deluged, as the 
reader will recollect, our land with the blood of tlie bravest of men, the art did not appear 
to suffer ; a circumstance apparently extraordinary, but satisfactorily accounted for by the 
real of both the contending parties for the religion they in common professed. True it is 
that the taste for founding and building monasteries and churches was not so universal as 
in the period last described ; the decline, however, of that taste might in some measure 
have arisen not only from the unhappy state of the country just alluded to, but also from 
the doubts raised in the minds of many persons of all ranks by Wicklifie and his followers 
as to the merit attached to those pious and expensive works. “It cannot,” says Henry, 
“ be denied that the style of sacred architecture commonly called Gothic continued to be 
greatly improved, and in the course of this period was brought to the highest perfection.” 
To account in some measure for this, it must be recollected that during the civil wars the 
superior ecclesiastics were confined to their cloisters, as few of them had taken an active 
part in the dispute which agitated the realm ; and, indeed, some of the finest structures now 
remaining were reared from the accumulation of wealth amassed by instigating the noble 
and affluent to contribute to churches built under their own inspection. The choir at 
Gloucester, a most beautiful example, was completed during these tbrbulent times by 
Abbot Sebroke, together with the arcade that supports the magnificent toxF^r of that 
cathedral. 

412. During this period the efforts of painting and sculpture were superadded to those 
of archit4bture ; and to these must be joined the enchanting effects produced by expanded 
windows glowing with the richest colours that stained glass could bestow on them. To 
enter into a history of the rise, progress, and perfection of this art, would here be out of 
place. A separate work would be required to trace it from its introduction in this country 
us connected with our art in the reign of Henry HI., to that point when it reached its 
xenith in the fifteenth century. Dailaway observes, with much truth, that it is a vulgar 
error to suppose the art was ever lost, inasmuch as we had eminent professors of it in the 
reign of Charles I. 

413. In military architecture, from the reign of Edward III. to the close of the con- 
tention between the houses of York and Lancaster, many improvements were effected. 
Within that period a great number of the castellated edifices of which the country could 
boast were erected or renewed, -Their style is marked by turrets and hanging galleries 
over the salient angles and gateways, of great variety in design. In the fortress at Am- 
bcrley, in Sussex, built by William Rede, Bishop of Chichester, about 1370. and one of 
the ablest geometricians of the age, the ground plan is nearly a Parallelogram with four 
large towers at the angles, not projecting externally, but inserted Into the side walls. Of 
this asra is also, at Swansea Castle, the lofty perforated parapet or arcade, through which 
the water was conveyed from the roof. Upon this plan Henry Gower, Bishop of 
St. David’s, in 1335, improved, in his magnificent castellated palace at Llanphey Court. 

414. From the circumstance of the circuit of many of the castles encompassing several 
acces of ground, the base court was proportionably spacious ; hence the halls and other 
state apartments were lighted by windows, smaller, but similar in form, to those used in 
churches. The rest of the apartments were unavoidably incommodious, defence being the 
chief consideration. In the castles and palaces of the period, the Aalls, which formed a 
principal feature in them, require some notice, llie earliest whereof mention is made was 
that built by William Rufus in his palace at Westminster. Hugh Lupus erected one at 
Chester, and one was executed for Robert Consul at Bristol. Others we find erected by 
'Henry 1. at Woodstock and Beaumont in Oxford ; probably of rude construction, and 
divided into two aisles by piers of arcades or timber posts. In the following century, 
when castles began to be constantly inhabited, and space became requisite for holding the 
numerous feu dm dependents on various occasions, the sise of the hall was of course in- 
creased, and internal architecture and characteristic ornaments were applied to it At the 
upper end, where the high table was placed, the floor was elevated, formii^ a Aaut pas or 
daii, a little above the teneral level of the floor. Ttie example afforded by Edward III. at 
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Windunr was followed during his own and the succeeding reign. Tlie halls of Wwtminster' 
and Eltham were rebuilt by Richard II. ; Kenilworth by John of Gaunt ; Dartington, in 
Devo^hire, by Holland Duke of Exeter. Crosby Hall, in London, was finished by the 
Duke of Gloucester, afterwards Richard III. We here subjoin the dimensions of some 
^ the principal halls in castles and palaces before the end of the fifteenth century, ranged 
in order of their size, as partly reris^ : — 


Westminster ( 1 397 ) 


Lengtn 
In feet. 
238 9 

Breadth 
in feet. 

67 to 68 

Height 
in feet. 

90 

Durham Castle 

- .360, now 180 

50 

36 

London, Guildhall - 


153 

50 

60 (Wren’s roofl 

Conway (roof laid on stone ribs) 

- 

129 

31 

22 

Bristol (divided by upright beams of timber 

108 

50 

— 

Eltham Palace 

. 

101*3 

36-3 

54 

Chester - - - 

. 

99 

45 

— 

Raby Castle 

. 

90 

36 

— 

Kenilworth Cattle (1300) - 

. 

88-8 

45 

32*3 walls 

Swansea - - - 

. 

88 

30 

— 

Leicester Castle Hall (oak pillars) 

- 

78 

.51 

24 

SpofTorth - - - 

- 

76 

36 

— 

liartington (1476) - 

- 

70 

40 

44 

Caerphilly - - - 

- 

70 

30 

17 walls 

Crosby Place ( 1 466-70) - 

- 

69 

17 

38*6 

Mayfield llaRj^stone ribs) - 

- 

6« 

88 

— 

Go^ich Castle 

. 

65 

28 

— 

Warwick Castle 

- 

62 

35 

25 

Berkeley Castle • 

- 

61 

32 

— 

Second one at Swansea 

- 

58 

S3 

— 


415. Generally, in respect of plan, the internal arrangement of these halls was very 
similar. The high table, as we have observed, was elevated on a platform above the lev^ 
of the floor, and was reserved for the lord and his family, with the superior guests. Round 
the walls separate tables and benches were distributed for the officers of the household and 
dependents. The centre was occupied by the great open fire-place, directly over which 
in the roof was placed a turret, denominated a louvre, for conveying away the smoke. At 
Bolton Castle we find the chimneys In the walls ; but, perhaps, those at Conway and 
Kenilworth are earlier proof of the alteration. The roofs with which some of these halls 
are spanned exhibit mechanical and artistic skill of the first order. Tlie thrust, by the 
simplest means, is thrown comparatively low down in the best examples, so as to lessen 
the horizontal effect against the walls, and thus dispense with considerable solidity in 
the buttresses. Ftp, 196. is a section of the celebrated Hall of Westminster, by which 
our observation will be better understood. These roofs were framed of oak or ches- 
nut. Whether, when of the latter, it was imported from Portugal and Castile, is a 
question that has been discussed, but not determined, by antiquaries. Large stone corbels 
and projecting consoles were attached to the side walls, and were disposed in bays called 
Meverey$ between each window. Upon their ends, demi-angels were generally carved^ 
clasping a large cscochion to their breasts. Near to the high table, a projecting or bay 
window, termed an oriel, was introduced. It was fully glazed, frequently containing 
stained glass of the arms of the family and its alliances. Here was the standing cupboard 
which contained the plain and parcel-gilt plate. The rere-doe was a sort of framed canopy 
hung with tapestry, and fixed behind ^e sovereign or chieftiun. The walls were generally 
lined to about a third of their height with panelled oak or strained suits of tapestry. It 
was during this «ra that privy chambers, parlours, and bowers found their way into the 
castle. Adjoining to, or nearly connected with the hall, a spacious room, generally with a 
bay window, looking on to the quadrangle, was planned as a receiving- room for the guests, 
as well before dinner as after. This was decorated with the richest tapestry and cusidons 
embroidered by the ladies, and was distingpiished by the name of the presence or jrrivy^ 
chamber. The females of the &mily had another similar apartment, in which their time 
was passed in domestic occupations and amusements. This last room was called my lady*t 
bower or parlour, and here she received her visitors. Bay windows were never used in 
outer walls, and seldom others, excepting those of the narrowest shape. 

416. ^ The dawn of improvement in our domestic architecture opened m the latter part of 
the period, durin^hich also brick came very much into use inEngland as a building material 
•* Michael de la Pole,** as we learn firom l^and’s JHnmtry, •* marchant of Hull, came into 
^ch high &vour with King Richard II. that he got many privileges for the towne. And 
in hys tyme the toune was wonderfully augmented yn building, and was enclosyd with 
ditches, and the waul begun ; and in continuance endid, and made all of brike, as most 
part of the houses at that time was. ,In the waul be four principal gates of brike.** After 
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wiumerating twenty-five towers, “ M. de la Pole,” me find from Iceland, « buildid a goodlie 
house of brike, against the west end of St. Marye’s churche, lyke a palace, with goodly 
orcharde and garden at large, also three houses besides, every on of which hath a tower of 
brik.” (Itm, vol. i. p. 57.) This was the first instance of so large an application of brick 
in England, 

417. One of the most lni]M|||||||||Bt parts of the castle was the great ^teway of entrance, 
in which were combined, aj^^Hfee time, thtchief elements of architectural beauty and 
military defence. It usuadlHBI^ied the cei«I part of the screen wall, which had the 
aspect whence the castle could be most coiivenienifly approached. Two or more lofty towers 
flanked eitlier side, the whole being deeply corbelled ; a mode of building brought by the 
Arabs into Europe, and afterwards adopted by the Lombards and Normans. The corbel 
is a projecting stone, the back part whereofi which lies in the wjJl, being balanced by the 
superincumbent mass, it is capable of supporting a parapet projecting beyond the fiice of the 
wall rising from the horizontal course laid immediately on the corbels, between which the 
said horizontal course was pierced for the purpose of enabling the besieged to drop missile*' 
or molten metal on the heads of the assMlants. The corbel is often carved with the head 
of a giant or monster, which thus seems attached to the walls. In John of Gaunt’s entrance 
gateway at Lancaster, the arch is defended by overhanging corbels with pierced apertures 
between them, and on either side are two light watch-towers cr^ed with battlements. 

418, Of the military architecture of this time, a perfect idea may be obtained from 
the two remarkable towers of Warwick Castle (Jiff, 197.), which were erected (in 
1395) by Thomas de Beauchamp Earl of Warwick. 'Die taller one rises 105 ft. above 
its base, and is 38 ft diameter, having five stories, which are separated from each other 
by groined ceilings. In the interior, the walls of the state chambers were painted ; a prac 
tioe introduced into England in the beginning of the thirteenth century ; and they were 
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sometimes lined with wain- 
scot of curious carved boi»-> 
aerie on the panels, which 
afterwards became more 
adorned, and were hung 
with tapestry. At War- 
wick was a memorable suit 
of arras whereon were re- 
presented the achievements 
of the famous Guy Earl of 
Warwick. 

41 9. The period of whiefa 
we are treating was as ce- 
lebrated for its bridge as 
for its military architecture, 
wakwick cAiTL*. cxlubits as one of its 

examples that famed curiosity the triangularly formed bridge of Croylaiul in liincolnshire, 
erected over the confluence of tlirce streams. Bridge architecture was in many instances 

so necessarily connected with tlie construction of 
a fortress, that it may almost, in this age, be taken 
as a branch of military architecture. 

420. This style exhibits Arches^ less acute and 
more open 198. from York Minster), the 

forms varying. Columm. — The central and de- 
tached shafts now worked together into one, from 
experience of the weakness of those of the pre- 
vious style, exceedingly various in their combina- 
tions. The Wiru/ows are larger, divided by mul- 
Uons into several lights spreading and dividing at 
top into leaves, flowers, fans, wheels, and fanciful 
forms of endless variety. These marks are con- 
stant, but in the proportionate breadth there is much 
variation, for after having expanded in the reigns 
of Edward I. and II., they grew narrower again in 
proportion to their height in that of Edward III. 
and also sharper. The head was then formed of lines 
just perceptibly curved, sometimes even by two 
straight lines, sometimes just curved a little above 
the haunches, and then rectilinear to the apex. 
Eastern and western windows very lofty and ample, 
and splendidly decorated with painted glass. Hoof 

or Ceiling The vaulting more decorated. The 

.principal ribs spread from their imposts running 
over the vault like tracery, or rather with transoms 
divided into many angular compartments, and orna- 
mented at the angles with heads, orbs, historical or 
legendary pictures, &c., elaborately coloured and 
gilded. Omament^f^ More various and laboured, 
but not so cleg|»^d graceful in character, as 
in the preceding style. Niches and tabernacles with sSiPn in great abundance. Tiers 
of small ornamental arches are Irequent. The pinnacles are neither so lofty nor tapering, 
but are more richly decorated with leaves, crockets, &c. Sculpture is introduced in much 
profusion, and is frequently painted and gilt. Screens, stalls, doors, pannelled ceilings, 
and other ornaments, in tarved and painted wood. (See Book III. Chap, 3.) 

421. The principal examples of the ornamented English style in cathedral churches, are 
at Exeter, the nave and choir. Lichfield, uniformly. At Lincoln, the additions to the 
central tower. At Worceater, the nave. York, nave, choir, and w«»stern front. At Canter- 
bury, transept. At Glouceater, transept and cloisters begun. Norwich, the spire and tower. 
Salisbury, spire and additions. Bristol, the nave and choir. Chicheater, the spire and choir. 
Ely, Our I^y*s Chapel and the central louvre. Hereford, the chapter-house and cloisters, 
now destroyed. In the later part of the period, the choir at Glouceater ; the nave at Canr 
terbury Bishop Beckington’s additions at JYeUs, and from the upper transept to the great 
east window at Lincoln^ In conventual churches, for tlie earlier part of the period, thp 
western fa9ade of Howdtn (1320.), Chapel of Merton College, Oxford, Giabome Priory, 
Yorkshire. Chapel at New ColUge, Oxford, St, Stephen^ a Chapel, Westminster. 'Hie ad- 
ditions to the pediments of the choir at KirkatuU, Yorkshire. St, Marfa in York. 
4CirAham in Yorkshire, and the cAoir of Selby, in the same county. For the later i^art qf 
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the period, At Tewkt»hury^ the choir. At Ely CcUhedind^ St, Maty's Chapd, Crsyland 
fctfode in Lincolnshire. Beverley Minster in Yorkshire. Chapel of Magdakn CoUegey Oxford. 
Eton College Chapel^ Bucks. Chapel on the Bridge at Wdkejield in Yorkshire, built by 
Edward I V. in memory of his father Edward Duke of York ; and the Beauchamp Chape! 
At Warwick. In parochial churches, for the early part of the period, examples may be 
referred to at Grantham^ Lincolnshire. AtteWorough^ Norfolk. Eigham Ferrers^ North- 
amptonshire. St, Miehiidt Coventry, Truro, Cornwall. Witney, Oxfordshire. Stratford- 
upon- Avon, Warwickshire. St, Peter Mancroft, Norwich. Boeton, Lincolnshire ; its re- 
markable lantern tower, which is 262 ft. high, was begun in 1309, and was in progress 
of execution during the whole reign of Edward III. The expense of it liaving been, 
chiefly defrayed by the merchants of the Hanse Towns. St. Mary, Edmunds Bury, Suffolk. 
Maidstone, Kent ; and Ludlow, Salop. For the later part of the period, St. Mary Overy, 
Southwark. Thaxted and Saffron Walden, Essex. Lowth and Stamford, Lincolnshire. 
Campden, Gloucestershire. St. Mary Redcliff and the tower of St. Stephen, Bristol. 
Taunton and Churton Mendip, Somersetshire. Lavenham^ Suffolk. Manchester College, 
St. Mary's, Oxford. Whittksea, Cambridgeshire. Wakefield, Yorkshire. Doncaster, 
Yorkshire. Newark-upon- Trent, Heckington, Lincolnshire. Mould Gresford and Wrex» 
ham in Flintshire. Melton Mowbray, Leicestershire. Octangular towers of St. Margaret's, 
Norwich, and All Saints, York. 


Sect. V. 

KIOHin ENGLISH OR TUDOR STVI.E. 

422. “ Tliere is,*’ as Dr. Henry observes, “ a certain perfoction in art to which human 
genius may aspire with success, but beyond which, it is the apprehension of many, that 
improvement degenerates into false taste and fantastic refinement. The rude simplicity of 
Saxon architecture was (ultimately) supplanted by the magnificence of the ornamental 
Gothic ; but magnificence itself is at last exhausted, and it terminated during the present 
period in a style, which some, with an allusion to literature, denominate ‘the Florid.’ It 
is a style censurable as too ornamental, departing from the grandeur peculiar to the Gothic, 
without acquiring proportional elegance ; yet its intricate and redundant decorations are 
well calculated to rivet the eye, and amaze, perhaps bewilder, the mind.” The period of 
the style is from 1 460, to the dissolution of the religious houses in 1 537, and comprehends^ 
therefore, the reigns of Edward IV. and V., Richard III., Henrys VII. and VIIL 

423. The ecclesiastical buildings of this aera are few. Somersetshire, a county devoted 
to the cause of the House of Lancaster, from the gratitude or policy of Henry VII., boasts 
perhaps more churches than any other county in the florid style ; still they are very few, 
and the superb chiqiel which that monarch erected ut Westminster is the best specimen 
that can be adduced fur giving the reader a proper and correct idea of the Florid or Tudor 
style. There is doubtless an abundance of examples in oratories, porches, and small 
chapels, sepulchral sacella and the like ; hut beyond them we could cite very few entire 
sacred buildings ; and those will be hereafter appended to this section as in the preceding 
ones. In civil, or rather domestic architecture, the case was far different ; a very great 
change took place ; and we shall endeavour to place a succinct account of it from the Rev. 
Mr. Dallaway’s work, to which we have already been much indebted. Tlie fifteenth cen- 
tury exhibits to us a number of VAst mansions of the noble and opulent, wherein the cha- 
racteristic style of the immediately preceding castles was not entirely abandoned, hut 
superseded and mixed up with a new and peculiar one. The household books of the 
nobility which have come to our knowledge, indicate a multitudinous set of servants and 
retainers, for the reception of whom a great area of ground must have been covered, and in 
which provision, by the number of apartments, was made for a noble display of hospitality. 
This circumstance, of course, induced a gorgeous style peculiar to the earlier Tudor sra, of 
most of whose splendid mansions no memorial now exists but in the records of the times. 
But for the purpose of bringing a view of the whole subject under the eye of the reader, a 
brief recapitulation will here be necessary. The first palace of the Norman kings was the 
Tower of London, which was a strictly military residence. At Westminster was a palace 
of William Ruftis, to whom Westminster Hall owes its original foundation. At Oxford 
a palace was built by Henry I., and at that place he kept his Chriiitmas in 1115, as in 
1229 and 1267 Henry HI. did in the vicinity at Woodstock. It was at t^iis place that 
Henry 11. built a house of retirement) which has furnished the subject of some well-known 
legends. Henry III. is said to have refounded the palace at Westipinster, which was 
much enlarged by Edward III. This, from the time of .Rufus, its founder, to the reign of 
Richard IL, to whom it owed its completion iu'the state apartment^ with its magnificent 
I all and hijou of a chapel ( St. Stephen’s), had attained a greater extent than any contein- 
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ponury palaee la Europe. Edward III., besides erecting bis suburban palace at Kennington ' 
had re-edified and greatly extended Windsor Castle as a habitable fortification. Henry I tVi 
inherited John of Gkiunt's castle of Kenilworth and the Savoy in London, to both of which 
made great additions. His gallant and victorious son was too much occupied with hb 
military affairs to pay much attention to such matters ; but many of his commanders, by 
the exorbitant ransoms they exacted of their French prisoners, were enabled to construct 
mansions of vast extent in those counties where their revenues commanded influence. Of 
these, as signal examples, may be cited Hampton Court in Herefordshire by Sir Howland 
Lenthal ; and Ampthill, l^dfbrdshire, by Sir John Cornwal Lord Fanhope. At Greenwich, 
a palace of great beauty, in the early part of the reign of Henry VI., was built by the 
regent Humphrey Duke of Gloucester, which, from its superiority over others, was by its 
founder called JVacenita or Plaigance. Tliis was completed by Edward IV., and is now 
remembered as the birthplace of Queen Elizabeth. The Lord Treasurer Cromwell 
expended a large sum on his residence at Tattershall in Lincolnshire, and at Wingfield 
Manor in Derbyshire, as did Lord Say and Sele, and Lord Boteler, respectively, at Sudley 
in Gloucestershire, and Hurstmonceaux in Sussex, all of which are now either destroyed 
or only in ruins. Additions were made by Edward IV. to Nottingham Castle, and by his 
brother Richard III. to Warwick Castle and that of Middleburg in Yorkshire. 

424. Upon the establishment of the Tudor dynasty, Henry VII., on the ruins of a 
former palace at Shene in Surrey, which after the repairs he bestowed upon it was destroyed 
by fire, built a palace, whereto he gave the name of liichmond^ in allusion to his former 
title, a name which was afterwards given to the beautiful town on the Thames, in its 
vicinity. The dimensions of the state apartments in this splendid building, whereof not a 
vestige now remains, are to be found in the Survey of 1649, when it was ofllered for sale by the 
Commissioners of Parliament. They abounded with bay windows of capricious formation, 
with rectangular and semicircular projections, producing a picturesque effect ; and to add 
to its fantastic appearance, there were many octangular towers, surmounted with cupolas of 
the same plan, whose mitres as they rose were fringed with rich crockets. They were 
bulbous in their general form, thus bearing a resemblance in contour to the royal crown of 
the period. 

425. The Tudor style, in domestic architecture, is thus divided by Mr. Dallaway. “ 1. 
That just alluded to ; 2. The variations under Henry VIII. ; 3. 'i'he Elizabethan style” 
(which will form a separate section), ** as it admitted of Italian ornament in the designs 
of John of Padua and his followers, until the time of Inigo Jones. 

426. llie reign of Henry VIII. supplies numberless instances of the gorgeous expense 
to which the nobility and gentry proceeded in the productions of our art. The example 
set by the monarch himself was witnessed in no less than two royal mansions, each large 
enough to contain his numerous retinue. The following are the palaces that were built 
or repaired by Henry Vlll. : — 

1. Beaulieu, or Newhall, Essex. 

2. Huiitdun, Herts, originally built by Sir John Oldhall, temp. Edw. IV 

3. Ampthill, Bedfordshire. 

4 . Nonsiicli, Surrey. 

6. York Place, WhltehRll, Westminster. 

0. Bridewell and Blackfriari. London, for the reception of the emperor Charles V. 

7. St. James’s, Westminster. 

8. Rimbolton, Huntingdonshire, the jointure of the divorced Queen Catherine of .A i ragoii. 

9. Sheriff Hutton, Yorkshire, given iur the residence of Henry Duke oi lliclunond, the king's 

natural son. 

10. King's Langley, Herts. 

It wair natural that the courtiers of such a monarch should vie with each other in erect; 
,ng sumptuous houses in the provinces where they were seated. Wolsey, besides the 
progress he had made, at the time of his fall, in his colleges at Christchurch, Oxford, and 
Ipswich, had completed Hampton Court, and rebuilt the episcopal residences of York 
House (afterwards Whitehall), and Esher in Surrey. Edward Stafford, Duke of Buck- 
ingham, in his palace at Thornbury, Gloucestershire, almost rivalled the cardinal, and 
perhaps might have done so entirely if he had not been hurried to the scafibld before his 
mansion was completed* ‘ Grimsthoqje, in Lincolnshire, rose under the orders of the Duke 
of Suffolk (Charles Brandon). 'Hie Duke of Norfolk and his accompli.shed son, tlie Earl 
of Surrey, were, as appears from the descriptions of Kenninghall, Norfolk, and Mount 
Surrey/ near Norwich, magnificent in the mansions 'they required for their occupation. 'We 
shall merely add the following list (which might, if it were necessary, be much augmented) 
^aome other mansions of note. 'ITiey are — 1. Haddon Hall, Derbyshire. 2. Cow. 

Sussex, destroyed by fire in 1793. 3. Hewer Castle, Kent. 4. Gosfield Hall, 
•Essex, perfect 5. Hengreave Hall, Suffolk, perfect, and whereof a beautiful work has 
been published by John Gage, Esq. (now Rookwode), a descendant of its ancient possessors. 
6, I^ayer Marney, Essex, now in ruins. 7. Raglan Castle, Monmouthshire, in ruins, 
8. Hunsdon House, Herts, rebuilt. 9. South Wingfield, Derbyshire, dilapidated. 
lO. Hill Hall. Essex, built by Sir 'Hiotnas Smyth, in 1542. 11. Wolterton (see/g. 199.) 
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427. In a very curious tract, entitled, “A Dyetoric or Refijiracnt of Health,” by 
Andrew Booide, of IMiysike Doctor, 8vo., first printed in 1.547, tlie following directions 
arc given how a man should build his house or mansion ; from which it a))pcars that there 
were certain leading points for the guidance of the architect, founded, of course, they were 
on the habits of the time. Make,” says our friend Andrew, “ the hall of such fashion 
that the parlor be annexed to the head of the hall, and the buttyre and pantrye at the lower 
ende therebf ; the cellar under the pantrye sett somewhat at a base ; the kechyu sett some- 
ivhat at a base fiom the buttrye and pantrye ; coming with an entrie within, by the wall 
of the buttrie ; the pastrie house and the larder annexed to the kechyn, Tlien divydc the 
loggingcs by the circuit of the quadrivial courte, and let the gatehouse be opposite, or 
against the liall doore ; not directly, but the hall doore standyng abase of the gatehouse, in 
the middle of the front enteringe into the place. I..et the prevye chamber be annexed to 
tlie great chamber of estate, with other chambers necessary for the buildinge ; .so that 
many of the chambers may have a prospecte into the chapeTl.” Some of the principal in- 
novations in the early Tudor style, were the introduction of gatehouses, bay windows, and 
(|uadrungular areas, matters rather incompatible with buildings constructed for defence. The 
materials of these palaces and mansions were of freestone and brick, according to the facility 
with which from the situation they could be procured. Sometimes, indeed often, these 
inateri.ils were mixed Moulded brickwork and terra cotta were introduced for ornamental 
parts by Trevigi and Holbein towards the end of the period, or, perhaps strictly speaking, 
at the end of it. The brickwork was occasionally plastered and pointed all Nonsuch; 
At Layer Marney and other places, bricks of two colours highly glazed were used for 
variegating the surface, and were formed into lozenges. 'J’he chimney shafts seem to have 
exhausted invention in the twisted and diapered patterns into which they were wrought, and 
decorated with heads and capitals and cognizances of the founders. The gateways were 
prominent* features in these edifices, and the most expensive ornaments were lavished on 
them. 'J’hat at Whitehall, designed by Holbein, was constructed with difierently coloured 
glazed hricks, over which were appended four large circular medallions of busts, still 
preserved at Hatfield Peveril, Herts. 'Hiis gateway contained several apartments, among 
which not the least remarkable was the study wherein Holbein chiefly received his sitters. 
The gateways at Hampton Court and Woolterton were very similar to this. 

428. We will here digress a little on the l>ay tyindow which, uf generally undi^tood, 
was Simply a projecting window between two buttresses (whence its name, as occupying a 
liay of the building), and almost universally placed at the end of tlie roqpi. It was invented 
alaiut a century before tlie Tudor age, in which it usually consisted 0n the plan of riglit 
angle? intersected by circles, as in the buildings at Windsor by Henry VIII., and at 
'J'hornhitry Castle. When placed at the end of a great hall, it extended in height from the floor 
to the ceiling, and was very simple and rcgiiUr in its form In a MS. at the Herald's ColH^^ 
relating to an entertainment given at Uichmond by Henry VII., the following passage 
^Mjmrs, and may be taken as descriptive of one of the purposes to which it was applied. 
||S|||ynst that his grace had supped ; the hall was dressed and goqdlie to be scene, and a 
Wl iF feupboord sett thereup in a baye window of IX or X ^ages and haunces of bight, 
fiiruissed and fulfilled with plate of gold, silver, and regilte.” Carved wainscotting i;9 
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panek, generally of oak, lined the lower part of the halls with greater unity of design and 
eaecution than heretofore ; and it now found ite way into parlours and presence chambers 
with every variety of cyphers, cognizances, chimeras, and mottoes, which in the castles of 
France about the age of Francis I. were called Boitaeriea^ Of these some curious speci- 
mens still remain in the hall and chambers of the dilapidated mansion of the Lords de La 
Warre at Halnacre in Suffolk. The area or court was quadrangular, and besides the great 
traircase near the hall, there were generally hexangular towers containing others : indeed, 
tney were usually to be found in each angle of the great court, rising above the parapets, 
imparting a pleasant and picturesque effect to the mass of building, and grouping well with 
the lofty and ornamented chimneys of which we have above spoken. 

429. It is melancholy to reflect upon the dis- 
appearance of these mansions which were once 
the ornaments of the provinces, and now one by 
one falling fast away by the joint operation of 
what is called repair and by decay. Most of their 
remains have been removed to raise or to be in- 
corporated with other buildings for which they 
might have well been spared. 

430. The characteristics of the style are archeat 
universally flat, and wide in proportion to their 
height (^%200. ). Windoway much more open than 
in the last period, flatter at the top, and divided in 
the upper part by transoms, which are almost con- 
stantly crowned with embattled work in miniature. 
The ceilinga or vaultings spread out into such a 
variety of parts, that the whole surface appears 
covered with a web of delicate sculpture or 
embroidery thrown over it ; and fi om different 
intersections of this ribbed work, clusters of pen- 
dant ornaments hang down, as Mr. Millers ob- 
serves, like “stalactites in caverns.” The Jiv- 
ing buttresaea are equally ornamented, and the 
external surfaces of the walls are one mass of deli- 
cate sculpture. The ornamentsy as may be de- 
duced from the above particulars, are lavish 
and profuse in tlie highest degree. Fretwork, 
figures of men and animals, niches and taber- 
nacles, accompanied with canopies, pedestals, and 
traceries of the most exquisite workmanship, 
carried this style to the summit of splendour; 
and all these combined, had, perhaps, no small 
share in producing the extinction it was doomed 

Fsr. 100 . TuiK* T. c. AP.U undergo. ( See Book 111. Chap. 3. ) 

431. Scotland boasts of many fine specimens of ecclesiastical architecture. The abbeys 
of Melrose and Kelso, founded by David I., as well of those of Dryburgh and Jedburgh, 
all in Roxburghshire, prove that the art advanced to as great perfection north of the 7 weed, 
as it did in England. RiMlin chapel, erected by Sir William St. Clair, for richness and 
variety of ornamental carvings cannot be exceeded; its plan is without parallel in any other 
specimen of the fifteenth century. Holy rood chapel was finished in 1440 by James H., and 
k a beautiful example; the flying buttresses are more ornamented than any even in* England. 

432. Examples of the Florid Gothic or Tudor style are to be seen at the cathedral 
churches — of Gloucester^ in the chapel of Our Lady ; at Oxford^ in the roof of the choir ; 
at Elyy in Alcock’s chapel ; at Peterbor(mghy in Our Lady’s chapel, and at Harefordy in the 
north porch. In conventual churches, at Windsor^ St. George’s chapel ; at Cambridgcy 
King’s College chapel; at ff^eatmmater, King Henry VII.’s chapel ; at Great Maherny in 
Worovstersliire, the tower and choir ; and at Eveahum Abbey^ in Worcestershire, the 
oa’npanile and gateway. 

433. For parochial churches, the reader cannot be referred to a complete specimen, 
in all its parts, of the 'Fudor style. The pulpit and screen at Dartmouth in Devonshire are 
worthy of notice; and Edingdon Church, Wilts, for its transition to Perpendicular. 

434. This section will be closed by a tabular view of the promoters, dates of erection, 
and dimensions, of the diflerent cathedrals of England, arranged from the best modern 
authoritiM, .such as The Cathedrala of Englandy by John Britton; Worceeter and Lincoluy 
by C. Wild; Carlisle^ by R. W. Billings ; Canter/mryy by W. Woolnoth ; which are the 
iiest architectural illustrations of these structures ; Prof. Willis’s Architectnral History of 
Canterbury Cuthedraly 1845, must be referred to by allstudenU ; while Murray’s Handbooka 
to the English and fVelah CathedralSy besides the careful historical information contained in 
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them, are profusely illustrated irith woodcuts of exterior apd interior views, tomljs* brines, 
and other interesting details. The Journal* of the two Arehsplogical Societies also con- 
tain carefully prepared accounts of nvany of these structures. (All inside dimensions.) 


BRISTOL — Conventual Church, Auoustinian (Holy Trinity). 


Dates and Founders. 

. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 


Abbots. 

L. B. H. 

L. B. H. 

L. B. H 

L. B. H. 

L. B. H. 

1142-70 

Robert Fitzharding 







, 


13061 

1 Edmund Knowle, 

Destroyed 

1 7^ 




1341 

1 John Snow and others 

16 cent 

100 43 

— 

8.118-43 


14811 

1515J 

|*Jolin Newland 

— 

— 

— 

N. groined 

30j 29 122 

1515-26 

Robert Elliot 

i 

i 

— 

— 

s. Vault. 



Si'e founded 1541 . The chapter house and vestibule, 1155-70, is now 4‘i ft. by ‘25 ft. The Elder Lady chapel 
dates 1 190-1*215, and the roof, 152H3-94. The st'ilU were pur up by II. Elliot. The internal length is i7d ft., 
tlie breadth llH ft. The chapter house r**built 1833 by Mr. Pope; 185.\ ehoir rearranged and sedilia restored 
by T. S. pope ; tower arches rebuilt about 1865 by J. Foster ; nave building 1875 by G. E. Street, K.A. 


CANTERBURY — Cathedral Church, Benedictine (Christ Church). 


Dates and Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Toueri. 


L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. fl. 

1070 Archb. Lanfranc 

■ 

Andcrvpt. 






10931 Archb. Anselm with "I 
to > Ernulph 1 . V 

1 109 / Conrad f " j 

The second church (destroyed by fire, 1174) 



and crypt 163x83 6. 



1 123-36 Archb. W. Corboyl 

Restored the church after a fire, 1130. . 


Archb. Richard 

— 

189 38 71 
and retro- 
choir 

and aisles. 

I48i3lji 70i 
Opl.er. 


1304 Henry de Estria, prior 



Stimeeiiclnsure Mft.high. 



1376 1 S. Sudbury, 

. 1 Courtenay and 

1 T. Arundel, Archbs. 









Lower 

“Chichele” 

141 1 J T. Chillenden, prior 

221 72 78 


____ 

12743378 

8 w. 157> 

144 9-68 T. Goldstone I. prior 

_ 

Lady chapt*) 



1472 W. Selling, prior "1 

* 




1500 W. Morton, Archb. n 



— 

' 

- -- 

C Completd 

1492 T. Goldstone 11 , prior J 

— 

_ 




35 352334 

1840 — - j 

— ! 

— 

— 

- { 

N.W. re- 
built - 157 


See founded G d. The original Norman strtictiiro of Archbishop Lanfranc, 1070-86, was rebuilt alter the 
eanonisatlon of Thomas a Betket. The architects of the new choir were William of Sens, 1176-78. and 
William the Englishman, 1179-84 The chapter house, dating ]'2G4 and 1391-1411, is 87 ft. long by 36 it. 
wide and 52 ft. high. The cloi.sters are 134 ft. square. Tills cathedral forms a double cross, and has a 
lofty crypt. At the eastern end and projecting beyond the general line of the plan is the ** corona " or 
“ Becket 8 crown,” of the sliape of about three loiirths of a circle. The internal length is 614 ft. and ureadth 
148 ft. 6 in. ilestorations 1820-48 by Q. Austin, and later by H. G. Austin. 


C.\RT..ISLE — Cathedral Church, Augustinian Canons (S. Mary). 


Dates and Founders. 

Nave. 

Choir. 

Aisles, 

Transepts. 

Towers. 


Bishops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H 

10921 

J130J 

- { 

37 J’i!j 5*24 
136 Origin- 
ally. 

Aisles and 
arcade of 
choir. 

Included. 

South. 

Piers of 
centre. 

1.35.3’ 

1362 

Gilbert de Welton 

1 

Upper part. 

.34 

Completed. 

134 14| - 

11342242 


1395 J 
HOO-19 

Thomas de Applehy 
Willium Stiickl.'ind 



N. restored 

Rebuilt 
above roof 
. - 128 


!^e founded 1 133. 1 he east window, of late Decorated work 3*2 ft. wide, is perhaps the most lieautiful In 
the world: see Billings’s Ca 7 Ls/e Cr/</re</r/i2. The refectory is 79 ft. Jong ahtl ‘27 ft. wide. The Internal 
length is *205 ft, and breadth 13i ft. 6 in. llehtoratlons 1R.')3 67 by Ewan Chiistian. 
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CHESTER-— Conventual Church, Benedictine (S. Wcrburgh). 


1 Dates and Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

Tower. 



U28 Ranulf, earl of Chester 
1211 ^ 

1320J \ 

1485 SimoiL Ripley, abbot 
1492 — Oldham, do. j 

1537 John Birchenshaw, abbot 

, t 

L. B. H. 

1 

145 "^78 

Upper 

p-irts. 

. W. front 
: <and clcar- 
1 1 story. 

L. B. H. 

Partly. 

Completed. 
92 32i 70 
117 ui»w. 

L. B. H. 

L. B. H. 

Transepts 
dissimilar. 
39 22 N. 

S. now St. 
Oswald’s ch. 

781 77 - 

L. n. H. 

Completed. 

- - 127 

Finished. 


See founded IMl. The chapter home wn* built, cir. 1128, by Karl Raniilf. The the King s 

School ; other retnainii of the monaiiery. The internal length U 34H ft. G in. and breadth 180 ft. llestora- 
lion of the choir, 1844, by R. C. Hussey ; 1868, Lady chapel ; 1868, by Sir G. G. Scott. 


CHICHESTER — Cathedral Church, Secular Canons (S, Peter). 


Dates and Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Towers. 

Bishops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 


First church partly 

burnt, 1114, and restored by 

1123/ bWlop 


him. Consecrated 1148. 



mil 62 

106 59 

Included. 

— 


1223-44 Ralph de Neville 

— 

Retro-choir. 

Two outer 
of nave. 

129 84i - 
north. 


1305 } Leofard 

1305-26 John de Langton 

— 

L.uly chapel. 


— 

Oetachctl at 

— 



— 

W. end. 

32 32 120 

13291 




S. and 

Central 107. 

1380/ 




window. 

Spire 27 1 

1 507-36 Robert Sherborne 

1 Upper part of choir, stalls, and decorations of S. transept. | 


See founded 707. The church founded by bishop SeffVid II. upon that of bishop Ralph. There are four 
aisles to the navb. The external length Is 411 ft. 3 In. ; internal length 380 ft. and bret-dth 129 it. Kestora- 
tions 1847«‘i6 by R. C. Carpenter ; since 1859 by W. Siater. The central tower fell March 21, 1861, and 
rebuilt by Sir G. G. Scott, and W. Slater. 


DURHAM — Cathedral Church, Benedictine (S, Cuthbert). 


Dates iind Feunders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Towers. 

Bishops. 

1093-5 William de Carileph 
ll^8J Flambard 

1237 } Bichard le Poore 

14561 

1480/ 

L. B. H. 

"a 3^1 77 

L. B. 11. 
Rebuilt and 
aisles. 

176 77 71 

L. 11. H. 

Included. 

-1 

L. B. H. 

East or Nine 
AlUrs. 
129i 34 — 
172 83i — 

L. B. U. 

\ 

W. - 14;« 

C. rebuilt 

34 33 2i7 


See founded 636. The chapel of the Nine Altars was begun about 1230, forming a sort of transept at the 
end of the choir. This cathedral is remarkable from the pillars of its nave, which are curiously striated. 
The Galilee or Lady chapel, at the west end, begun by Hugh de Pudsey (1 153-96), 48 ft. by 76 ft 6 in and 
finished by Bishop Langley (M06-87). The chapter house dates 1133-43. The cloisters erected bv Bishop 
Skirlaw, I388-1406-37, are about 146 ft. square; the dormitory is now the new library. The internal length Is 
490 ft and breadth 179 ft. Repairs were made 1778..1800 by James Wyatt, and since 1869 by Sir G. G. S^t. 
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ELY — Cathedral Church, Bknebictikb (S. Etheldreda and S. Peter). 


189 


Dates and Founders. 


Nare. Choir. I Aisles. Transepts I Tower. 


L. B. H. L. B. H. L. B. H. L. B, H, 


1082 Simeon, abbot, I I __ 

foundations j 

1 107 Richard, abbot 

— 

1189 1 Geoflry Riddell, bishop 

1229-54 Hugh de Norwood,'! ijsTMto 

bishop j 



Lantern, 
au so 142 


1328-42 Simon Montacute, bishop — ^ 

1321-49 John Wisbeach, prior tdidy chnpel I 

1337 John de Hotham, bishop W. portion — 


See founded 1108. The octagon tower and choir stalls were designed bv Alan de Walsingham, a monk, 
1322.42 ; and perha)is the Lady chapel 1321-49, which is without aisles, and is internally 100 ft. long, 46 it. 
wide, and 60 ft. high tn its Yaulting. The Galilee chapel, at the western end, by Bishop Eustace, 1 198.1210, 
is 40 ft. long. The chantries, are Bishop Alcock’s 1486-1500, and Bishop West’s 1516-53. The exterior 
length Is ft. from the west front to the east face of buttresses ; the internal length is 517 ft. and breadth 
178 ft. 6 in. Restorations from 1830 by John Bacon, clerk of the works ; and 1852 by Sir G. Q. Scott. 

EXETER — Cathedral Church, BENEnirriNE (S. Peter). 


Dates and Founders. 


Nave. Choir. Aisles. Transepts. 


Bishops. L. B. ] 

William Warelwast 

Walter Bronescomb 

Peter Quivil — ~ 

Walter de Stapoldon • — 


L. B. H. L. B. H L. B. H. L. B. H. 


Lady chapel 
and 

completed. 


28 28 145 
to transepts. 


139 29 68 
formed out 
of the 
towers. 


> John Grandison 


140 ”6.4 


See founded 1050. The general plan of the church is that designed by Bishop Quivil. The west front 
ts celebrated for the display of a series of statues of kings, warriors, saints, and apostles, guardians as it 
were of the entrance, arranged in three rows. The lower part of the chapter house dates from about Bishop 


breadth 139 ft. The Lady chapel was restored, 18^, by John Kendall 


GLOUCESTER — Church or Benedictines, Mitred Abbey iS. Peter). 


Nave. I Choir. | Aisles, j Transepts. { Tower. 


Dates and Founders. 

1 Nave. 


Abbots. 

L. B. H. 

JOSS'! 

1100 

Iserlo 

180 67| 

1242 J 

1 

1318 

J. Thokey 

- — 

1329-37 

J. Wygemorc 

1 

13371 

1 Adam de Stanton and 

/ 

1351 J 

1 — Horton 

“ i 

1420-37 

— Morwent 

W front and 
two bays* 

1450-57 

— Seabroke 

1 

— 


Upper part 


36 35| 176 
to leads. 
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8m fhiDiiimf IMI. Th * chapter home (Vormen) b W ft. long, M ft. "''*-•'‘1 The 

Jjfuly cJiMpel WB$ commenced by Abbot Hunleyt Hft7-72, and finisbed by Ab^t hpfniron the north 

iloliiter* we the moit perfect and beautiful ofanv fn England. »nd «re “nuaually placed, bplog on t”® “JJ 
SS. Th^were comiS^ced by Abbot Horton. f35I-77. and comp eted by Abbot Fr^ej ®r. 1881-> 12 , n 
them It a monk', lavatory, and tie “carol. " The Intornal length I. 406 ft. and breadth lit ft. Ilestorattoi.s 
were commenced 1868 by F. S. Waller, who publi.hed a work on the cathedral in 1856. 

IHEREFORD — Cathedral Church, Secular Canons (The Virgin and S. Ethelbcrt ).^ 
Date, and Founder.. Kave. Choir. I Ai.les. Transepts. Tower. I 


B. H. L. B H. I,. B. H 


1079^ Robert de Loainga f , 74 97 33 70 13014^- 

1096 I and J 3 g 'U 

III 5 J Reynelm orReinlielm usformerh 


1079 'I Robert de Loatttj 
1096 > and 

1 1 1 5 J Reynelm orReinli 

Sr. 1220 } 

1260 

lass'! Richard de Sw’ineficld 
W 1S87 S and 

1.320 J Adam de Orleton 

15^} Edmund Audley 


Ve.tibiilp St 
Ladychape). 
Clerestory 
and vauliin^ 


0. Upper 
part 

_ 31 141 
43 exter- 
nally 


See founded 680. The Lady chapel is 93 ft. by 31 ft. The octagonal cliaptei house, 1.3.30, with a central | lllar, 
40 ft. diam., was taken down by Uishop Egcrton, I724>46 The great west tower, 130 ft. high, fell 17Hh, and 
destroyed a great portion of the nave and aisles, which were then shortened about 15 ft. The length between 
the external face, of the buttresses is 344 ft. ; the internal length 326 ft., the breadth 109 ft. at lesser 
transept, and 147 ft. at larger ones. Restorations 1786 by James Wyatt ; from 1841 by L. N. CottlLghnm 
and his son j from 1858 by Sir G. G. Scott. 


LICHFIELD — Cathedral Church, Secular Canons (The Virgin a id S. Clmd). 


Date, and Founders. 

Nave. 

Choir. 

Aisles. 

Transepts 

Tower. 

Cir. 

L. B. H. 

L. B. 11. 

L. B. H 

L. B H. 

L- B. 11. 

1200 

1220 

1240 

— 

Lower part 
3 W. ba}B. 

= 1 

S - - 

H9 28 - 
N. - - 

W. Spires 
195 

1250 

i 

1275 

1 39 64 i 60 

W. front 
78 - . 

N. male 12^; S aisle 13 0 

li 

( 

C. Spire 

- -nU 

and 1.88 
= 294i 

1325 

— 

1.37 28 67[lncluded 




See founded 666. The church is very uniform, having been, like Salisbury and Exeter, built on one plan. 
** A dated record would render this cathedral one of the most valuable for the history of the development 
of styles Professor WlllU. The {tolygonal apse 1 . a special feature of this cathedral, and is iinioiie in 
England ; the triple spires i. another feature. The arches in the triforla show the dog-tooth moulding in 
great perfection. The Lady chapel by Bishop W. Langton, 1296-1321. The chapter house, cir. J240, li 
an elongated octacon, 40ft. 3 in. by 27 ft. 6 in., with a central pillar. The internai length is 371 tu and 
breadth 149 ft. Kestoration. since 1860 by Sir G. G. Scott, 


LONDON — Old Cathedral Church (St. Paul). 


i Dates and Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 

Bishops. 

L. B. H. 

L B. H. 

L. B H. 

L. B. H. 

L. B. H. 

1087 1 Maurltiua ^ 






1128 1 Beaumes \ 

r Eustace de Fauconberge 
1 222-40 { and 

L Roger de Bileje 

280 ^ 93 

255jjl0li 

Included. 

280 93 

r 

C 47 28.5 

— 

Included. 

-{ 

Npire 1315 
204 

Burnt 1661 

1255-83 

— 

Lady Chapel 

— 


— 



Ciup. IIL 


ENGLISH ARCHITECTURE. 




See fonnded 604, The ohftpter house wm boilt 183S, and was ooUngalur.SS it, 6 in. diatn., and placed 
in the cloisters, 91 ft. square, erected by Henry de Wingham, 1360, Inigo Jones commenced the restora- 
tions 1638, and added in 1686 the beautvCol Ooxinthlan portico at the western end. The Ohnroh was bums 
1666, and was taken down 1675. Dngdale's History ^ St. Poufs has nnmerous plates by Hollar. The 
external length was about 590 ft. and of the transits 290 ft ; the breadth across the nave 106 ft ; these 
dimensions are obtained from Longman’s Throe Cathedrals of St, Paul, 8ro., 1878. The lengths in the 
above table are approximate only, aiding chiefly from the error of 690 ft. as given by Dogdale fui bim 
length. The dimensions of the present edifice are given in paragraphs 470-474. 


LINCOLN — Cathedral Church (S. Mary). 


Dates and Founders. 

Nave. 

Choir. 

Aisles. 

<i 

Transepts. 

Towers. 

Bishops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B, H. 

11211-48 Alexander 

Vaulting 

____ 

( 

173 44 72 E. and E side! 

11861 Hugh de Grenoble or 

158 40 72 

Included. ) 

of W. trans.and W.sidcl 
as high as second tier of 1 

1200 j S. Hugh of Lincoln 


windows. 
Compl. W 



{ 

1203-9 William of Blois 

— 

— 

; 

trails, and 
Oalilee. 





( 

222 66 74 


1209-35 Hugh of Wells 

213 JJ. 80 and upper part 

— 



of W. front. 




One story 
of C tower. 

19.35-.‘>3 Robert Grostete 

— 

— 

— 

W. Trans. 


( 

Prosbyterv 



' 

bef. 1282 

- 1 

or Angel 



C. Uppei 
part. 

53 — 27^') 

isoo} 



— 

-! 




( 

W. south 


1342-47 Thomas Bell 

— 

— 

- 

end and its 
circular 


1438 William Alnwick | 



i 

window. 


W. front 173 ft. and 83 ft. 




high, and 
window. 

l.irg© W, 

— 

— 

W. Ojper 

- 

1450 


- 

— 

— 


Bee founded 684. The plan is a double or Lorraine cross. The architect of S. Hugh’s work is said to 
be Qeoflfry de Noiera. The chapter house, oir. 13th century, is a decagon with a centi^ pillar, 60 ft, diam. 
and 40 ft. high. The central spire was biown down in 1647 ; the others were removed in 1808. The 
Galilee porch on W. side of the S.W. transept is later than & Hugh’s work. The facade is deoofated 
with statues and sculpture, like Wells and Exeter. The cloisters were built by Bishop Sutton and arg^ 
very slight. There is a curious ” stone beam ” over the vaulting and between the west towers. Total 
Internal length 482 ft. and breadth 222 ft. at west transepts. The west front was restored about 1862. 


MANCHESTER — Collegiate Church (The Virgin, S. Denis of France, and 
S. George of England). 


Dates and Founders. 

Nave. 

Choir. 

Aisles. 

Transept. 

Tower. 

14241 John Huntiiigdon, 1st 
1458 J warden 

1490 J ames Stanley, bishop 

1518 

J850 

L. B. H. 

-! 

88 29 - 1 
110 im 

L. B. H. 

81 25i - 

— 574 Inclu 
A crypt u; 

I 1 

dusive of a 
1 Lady Chap 

L. B. H. 

81 16 — 
live of aisles, 
nder it. 

88 !8j — 
lisles and e 

el or Chethi 

L. B. H. 

North, now 
St. James’s 
Chantry. 

16 17 — 

hapels. 
am Chapel. 

L. B. H. 

W. Rebuilt 
27 27 137 


Parish church : made collegiate 1423 ; see founded 1847. Lady chapel 16 ft. square. St. John Bantlst 


27 ft. 6 in. ; and the Bibby porch, 1520, is 18 ft. square. The StrannirRys ohapel, ISOsTls 68 ft. by 32 ft. 
The Oldham obapeL 1518, it 15 ft. by 12 ft. The intemai length, SIS ft and breadth 112 ft ; externally, 
283 ft and 180 ft Bestored and portions rebuilt by J. P. Holden, Tower rebuilt by him , bat not a copy. 
The later restorations have been oarried on bv iJk Orowther, 
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NORWICH — CAfftioRAt Church, Bbkbuictihe (Holy Trinity). 


Hr-, 






Dates and Founders. 

Nave. 

Choir. 

iVislos. 

Transept. 

Tower. 

Bisliops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

1101 j’ Losings 

— 

165 45 83 

Included. 

1 80 36 J 73 

- - 140 
• 4^1 ext. 

j 

200 to screen 
2')0 to t iwer 

- 

— 

— 

— 


12^} John of Oxford 


Restored. 

— 

1 

Spire 

1356-69 Thomas Percy 

r 

— 

— 

— 

- 

- . HO 
and 169 

1426-S6 William Alnwick { 

1446-72 

1472-99 

W. front 
8.3 — — 
Vaulting. 

Clf*r♦‘^to^y 
and vaulting 

— 

_ ( 

= 309 


Sue rounded f>30 and affain ri73. Before 1272 the cathedral wm to dilapidated as to render it necessary to 
be rebuilt. The cloisters commenced by Bishop Walpole In 1297. were completed by Bishop Alnwick in 
1430 ; they are the most spacious in England, being about 176 ft. square and 14 ft. 0 in. wida The Lady 
chapel WHS destroyed. The eaternal length is 414 ft. 6 In. and breadth ]*)1 It.; the Internal length is 404 
and breadth 180 ft. The length from the west door to apse is 3S3 ft. 7 m. 


OXFORD — Pkiort Church of Auoustinian Cawons 
(S. Frideswide, or (’hrKt Cliurcli). 


Dates and Founders. 

Na\e 

Choir 

.Aisles, j Transept 

Tower and 
Spire. 

L. B. H 

Inside 
- 20 145 

[ 

1150-30 Canutus, prior 

1250 

1.325 

1528 Cardinal Wolsey 

L. B. 11. 

S9 

Latiu chapel 

Roof. 

L B. n 
68 53 37 .i 

Lady 

Cliupcl. 

Roof of 
Choir. 

L. B H. 

Included. 

L B H 
10221 43i 

- \ 


See founded 154r». Ir is the smallest cathedral In England. The c hapter house (Early English). Oblong 
in form, A4 ft. ty 24 ft,, may be compared with those ol Lincoln, Salisbury, and Chester, belonging to far 
wealthier communities. Wolsey destroyed the west front and the greater pait of the nave 1 hree sides of 
the small cloister (IS4 ft. wide) remain Internal length 154 ft (it was 202 ft. when complete) and breadtbi 
102 ft. Interior restorations, 1856, by R. W. Billing. 


PETERBOROUGH— Conventual Church, Benedictine (SS. Peter, Paul and 

Andrew). * 


Dates and Founders. 

Kave. 

Choir. 

Aisles. 

Transepts,^ 

f#hF>- j 

1 

Abbots. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. U. 

H. 

11181 

[John of Seez and 





1133 J 

[ Martin of Bee 

■ 

119 79 78 

— 

I. aisles 


1155 
1177 j 

William de Water- 
vUle 

Portion 


-{ 

Transepts 
185 57 71 

C. Lower 
part 

11771 
1193 J 

> Benedict 

«6 11 rsi 


226 IS 71 

w. trans. 

1200-37 

1370 

— 

w. ft’ont 

w, porch 

Remain of 
Lady chapel 

— 

^ 

l^tem aj 
MTower UN 

14381 

— Ashton & Robert 




E. aisle or 

w. spires 158 

" 1523 j 

t Kirton 

— -- — — 

_____ 


' 

new building 



and ** as a portico. It is the finest and grandest in Europe : *' Fergusson. There are only the remains of the 
Hoistert, 182 ft. vide. The external tength 480 it. and 208 ft. wide. The iiiteruil length is 426 ft. end toe 
breadth 185 ft. Paler. Hemaritt on the Areh. of Peterborough Cathedral, 1859. It was under restnraCtott br 
Edward Btere firom 1882 ; and ftom 1889 by G. O. Scott, E.A^ to his deaths 1878. The central towerwae 
n^lt by John L* Pearson, R.A., 1885-G. 






OMAr. in.. £KGUSU AaCHlIE^CTURE. 

RIPON — CoLLtoiATs ChItrch (by Janfie9*l%| (S. Wilfrid). 


.. 

i 





MHHSl 

Dates «nd Founders ^ ^ 

Nave. 

Choir. 

AUlet. 





L. B. H. 

L. B. H. 

U B, H. 

L. B. H. 

L B. lEi. 


Wilfrid 

Crypt. 



, 


- - no 

(S(4fes now 

ilW-Al, 

Roger, AEhttb. of York 

16948788 

Part N. side 

Included. 

132 36N- 






33s- 

removed 


f i " 





were 110 ft. 

xs\s^ 

Wilder Oisny 

er. front? 

... * V 

— 

r-* ' 

hifker*} 

128B-33O0 


_ 

£. pkrt 

— t 



1317-40 i 

Wil]|qm de I^eltun, 
Arehb. m York 

^ 

loi 67 

Included. 



> 

1454-59 ' 


Removed g 

C^jlafciwcn 
2 twys tm 
aside. 

n 

K. side S. 
tr.ins( pc. 

R. and 8. i 
sides ol Ct^ f 
rebuilt^ 

1500-20 


Perpend, 
work substi- 

i 


- 




tuted. 1 





' 16^0 

_ \ 

i 

Roof restd. 

— 

— 



, house, 8 in . 29 It wWe, by 18 ft. 8 in. hiRh.^ith an apsidnl end, 

by Archo. Rog^ but tltd two Mutual pilta?l and vaidtfng are later*. The crypt under it is p*-rhapi the 
origlnaj cHurch of Thomae of l^eux, lOTO-llOO. 'Jhe Lady chapel, 1482, is over It, a most 

iinu&^l |M^ttion • It i8‘Jtow the library. Melton extendi tbe church eeatward to twice its torinec 
length Mrai^ <wt |U Ih 51 lc«t Wgh, dates at iM eod of i4th e^jtury. Tho crj nt under the 

centre tower U 11 fL 8 io./^ 7 ft. 8 toM«nd9*n. 4 in. higffi if it dedicaUd to the Holy UTinity. Tho 
Internal length is 2W ft. ft fti.wnd biMth 132 ft. In 1829 the have was n ' ‘ . 

18G2 the choir groined In wbed an4 other rescoratious by Sir G. G. Scott. 


new roofed ai)4 i 


ROCHESTER — Cathedral Church, BehtcwictiRs (S. Andrew). 


Dates and Founders. 



Nave. 

Choir. 

Aisles. 

rrai&ptf. 

Tower. 


Bishops. 

L. B. I). 

L. B. H. 

L. D. H. 

L. B. H. 

L. B. H. 

1077-80 

Gundtstf* commenced 

128 5^* 8^ 

— 


— 

NorClt05 
DOW 40 

1130 

John 

w. front 

■■ 

, ^ 

1 


1200 


New roof 

N^w roof 



n- - 


1220-27 

rWllliani de Hoo, sacri&t 
\ ftnd prior 

-1 

iioriL : 

44Lady ohpl 

Included. 

R. 92 r 

Central 
. . 156 

cir. IftSO 






Chapel St. \ 
MHrv. 1 

W.12?429- 


cir. I4(X) 

* — ^ 1 

1 

— 

1 



8ee fmmdad 404. Theenpt (liarly^ngllsb) is one of the best of the clast. The sails of “ Gundulf’s 
l^!r'or*i ^ high, ara 8 ft. thick, the entrance is tuj^oMd to have been from the top 

Uf Bisboip jftrAmfla»Wlot4c 1114-24, the wet t front (perhaps), dormitory, refectory, and chapter houre alone 
is of Decorated work and remarkable. '1 hh chapel of .St. Mary is 48 fu 
UyHft.6 U 1 . and breadth 122 ft. 3 in. Restorations 182d-30,by L. N. 
Cotiinghani,and of late years by Wr Q. O. Scott, 


SALISBURY— ^Cathedral Church, Secular C^anoks (S. Mary) 


Dates Founders. 


I Richard Pooye ( 1220) / 


BUhops. 

1217 
L228 
1229-46 Kwhert 
1 246-56 Wlllhim <if York 
12j6-62 Giles of Bridporf 
1330-75 Robert 4^ 


Nave. 

mm 

Akties. 

Transepts. 

Toper. 

B. H, 

L. 0. 11. 

L. B. H. 

L, B. H. 

L, B. H, 

- - 207 


140 78 84 

- 164 ^ 


out. 504 “ 


— 


E. 14444 

f 

_ 

-T-r-. 

1 - 

W.2dri 57 81 


— 

— 

j 

— 

8|^ ' < 
■ ■4m 


See fowa^ 70ft. This ^s the mu|| uni fo^ the origltolylan gleen by Bishop 


Wat car«M4>li 

RobertiittSif 

Barljr EngHili xln'k. 


bf'blf successors,^ Bllas de IMban) was clerk of the woiks ibr the first twenty years, and 
twenty. The great fegulart^ of the masonry is a dlstlnetive peculiarity of 


Bariy EngHili Rlu'k. According to the account rendered to Henri III., it appeared that 40,6 0 marks 
(fiSiS^. IM. M.}^ad lap to lice Ven expended on tbe fabric. |Tbe chapter bouse Is an obuigonM ft. diam. 

ft mn, wU3t.A central shaft } this with Uie cloisters, 198 ft. square, were oommenrod by Bishop 
2212£^ WyW (1269-70 , and completed bi Bishop R. de Wtekhsm^ (1270-84). Tlie latief 


were 


bf M|. Clutton (br BlRiop iSenlson. The toolfftuilo. ttt tbe former were painted, 1889, 
. . ***iiJ*!?*'*‘?** been ex^inedte W. Burfetf The stoneq^re R described In II. ftTth. iv. Tbe 

*• ^ W ft* Tbe internal hmgth is 4ft0 ft., and breadth 996 ft. The weet 

Restorations. 17^91, by fiai^ Wyatt. 
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HISTOEY t>F AfiCHlTECTURE. 


Boot I 


WELhS—CtTBtDUAt. CavBca (S. Andrev). 


1 Dates and Foukdors 

Nave, 

Oboir. 

Aisles. 

j Transepts. 

1 Tower. 


Bishops. 

L. B. H. 

L. B. H. 

L. B. H. 

II,. A H 

L. B. H. 

1148-66 

1174-96 

Robert 

Reginald Fits Jocelin 

161 68 

8 w. Rrobes 

Nave 

Indeed. 

185 JJj 67 

To roof. 

1206-42 

Jocelyn of Wells 

w. front and 
8 arches. 


— 

— 

— 

1309-29 

John dc Drokensford 

« 


108 6# 73 
And Lady 
chapel. 

47 83 - 

Included 
- 13i - 

— 

D oompletd. 

. - 158^ 

1366-86 

John Harewell 





— 

— 

3. W. Upper 

J 407-24 

Nicholas Bub with 

— 


— 

— 

- 

NT W. 28 136 


See fom^ded 909, mnd with Bath KMO. Though one of the Eznallest cathedrals retj elttraordlnaiy 
example. Its estem fa^tde is decorated with six rows of sculptnre in a verv i tat^ and somewhat 
eimilar to Exeter and Lincoln. The subjects are angels, subjecte from the Ola aua i>i ew Testaments, kings, 
bishops, and warriors, amounting to over SOO : they have been explained by 0 R. Oockerell, in his 
Jconographf, The original plan seems to have been oarried out to its completion. The ohapel or room 
under the chapter house and the curious staircase, were completed abont 1386, by Bishop Burnell ; and 
the chapter house, octagon, 52 ft. 6 in. wide and 43 It. high, with a central pillar, by Bishop William de la 
March , 1 28S>1 803 ; see figs 1375-7. The east walk of the cloisters. 1 68 ft, and library, date 1407-24 ; tbe West 
166 ft and part of the south, date 1448-64, and completed for 180 ft. more, soon after by Q^mmas Henry, 
Treasurer. The support of the central tower is as^sted by an inverted arch as at Bilhibnry. The Interna] 
length is 888ft. and the breadth 185 It The west front Is ]47|ftloDg. BsStmuons, from 1842, by 
B. Ferxej to 8848 ; A. Salvin to 1854 ; and west fa 9 ade from 1868 by B. Forre|^ 


WINCHESTER — -Cathedral Church, ^Benedictine (S. Mary), 


Dates .ind Founders. 


Bishops. 

1079-98 Walkelin 

1320 

1345-66 WilUam de Edingdon 
1866 ) W’llham de Wykeliam f 
14045 (Figs 1302-4 
1404-'47 Cardinal 13e.'iurort ( 

1447-86 William Waynflete 
1 500-28 Richard Fox 


Nave. 


L B. H. 


Choir. 


L. B. H. 


E. adciitious. 


Commenced 

|210 to choir 
80 
3i 


264 


78 


t'ompleted 
118 ft lon^ 


86 78 

Lady rbape)] 
54 28 . 

Included 

• 13 40 


Completed 
Presfn tery 
& beyond 


L. D. II. 


Included. 

I - 


L. B. H. 

1208 78 - 

(Fig.l«6) 


Transepts 


1 ower. 


L. B. II. 
50 48 138|| 


See founded 648 The west frQnt was orisinalty tbe work of Bishop Edingdon. The nave, which was 
“transformed (Prof Willis) by Wykehim is, with Ely and Canterbury, probably the lon gest in the 
world, 8. Peter’s at Rome excepted The C loiiiers are 180 ft by 174 ll» The exterior of tiie of the 

finest Gothic of the fltteenth century 1 he choir as at Gloucester, Is under the tower. The c^pries of 
Waynfl^ and Beaufort are due examples. The cr>pt is an Interesting exanude, and more so now that 
the chalk, 4 ft deep, filled in about 400 ^ears since, has been removed, )88<>-7. There is no chapter house. 
The external length is bV ft 0 In. , the internal bngth is 535 ft , the breadth 308 ft. Tbe stone screen and 
the episcopal throne are by Garbett Tbe west front restored 1868. 


WORCESTER — Cathedral Church, BENEOiCTiNX (S. Mary). 


Dates and Founders 

Nave. 

Choir, 

Aisles. 

Transepts. 

Tower. 

Bishops. 

L. B. U. 

L. B U 

L. 8. H. 

L. Be U. 

L. B. U. 

1804 S. Wulfbtan 
^1224 J Blois 

1 1 T* Cohham and Henry 

170 76 66 

Crypt. 
118 63 

A Lad} ehpl. 
172 * - j 

B. 130 35 - 
Included 

Included. 

W.138 33001 


1372 W. de Lynn 

j 

1 


- 

• 44 KM 

) Henry W«fcefi.W i 

Nave vaulting and altera* 
tions at W. end. 

— 


























mAZAmrmn 


Sm fcmtiM eSO. The chMter hovm h rtrcnltr ci^llM « deottgon) ft diam. 4ft ft bigli^ 

with a plaia central plUar. The doieten (Perpeacifoalar)aboi«t IfO ft s^aateuwern crewed in tiM time of 
Blobcp Xjim. lltejr #«re leetoced 1861 Tbe refeotorj, now tba Kinf^ Boaeol, 130 ft by 88 ft , is stiU 
perfect The external length Is 400 ft : the internal length 888 ft, and the breadth 188 ft. Bestoratiooi 
l80f-7d by JB, Periina. Total oost ap to 4881 was £180,000. 


YORK — CATHtfVRAL Church, Secular Canons (S. Peter. the Apt^e). 


Dates and Founders, 

Nave. 

Choir. 



mm 

Archbishops. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

1215-55^ Walter Gray 

1 228-56 John le Romeyn (treas.) 

— 

— 

220 47 

8.223 Jg 94 

N.. - 914 

G tower. 

1285-<^6 John le Romain 

205 ^93 

— 



1355 John de Tboresby 

Completed. 

f 

Lady chapel 
64 94 1624 
Presbytery. 

— 



1361-73 John de Thoresby 

- 1 




1 373 1 Alex. Neville 

HOO j ’thottiah Arundel 

1405 * -1 — t 

1420 JohnBettiilbgliam(trea$.) 
1432 ‘ 

Conipteted 
W. front. 

1 M 

0 

— 

- { 

C. rec.wed. 
44 42 198 

S W. 

N.W. 

32 32 172 

1457 




— 1 

■ „4;8,rf 


See founded 021 or 826. The octagonal chapter house, 57 ft. dhim. and 67 ft* 10 in. High, was, perha] s, 
erected at the same, time aa the nare ; it haa no central pillar. The choir and crtpta were rebuilt on h 
larger acale, 1 154«81, by Archb Unger ; some parti are earlier. The alalei surrounding the church in every 
part areofaimilar dimenaioiia and were built at aame time. The open central towei is i8S ft. high from 
tbe floor. The Rose window in the S. transept is the finest in Knelnnd, it is 22 ft. G in. diam. The fivc4ancet 
lights, dating 1250, In the K. transept are each 5 ft. 7iii. wide and 54 ft. high. The church was consecrated 
July a, 1472. The ** Fabric Rolls '* of this cattiedral are valuable records of buiMiiig operations. The 
pxtt'rnal length 518 ft. The internal length is 480 ft and the breadth 223 ft. The choir roof was burnt 
1829, and restored by Sir R. Smirke ; the nave roof burnt 1840, and restored by S. Sinirlie. '1 he S. transept 
was restored 1875, by G. £. Street. 


WESTMINSTER — Arret Church, Benedictine (S. Peter). 


Datee and Founders, 

Nave. 

Choir. 

Aisles. 

Transepts. 

W. Towers. 


L, B. H. 

L. B. H. 

L. B. H. 

L. B. H, 

L. B. H. 

— 

156 88 101 
(fig. 1278) 

— 

189 77 10548 
82| 88 78 N 

— 

1272 1 King Edward 1, 

1307/ (five bays) 

»s”jioii 

— 

- 16i - 

— 

__L 

1 4 1 a f Henry V, and 

15091 , . 1 

136 - - 


• 16} t 


• • 138} 

L(«ix bays and towers) 



. -103} 

1713-35 Additions to vest ftront and towers, by Sir C. Wfef aitd others. 

1490 King Henry Vlt.’s Chapel, 100 ft long, 35 ft wide, and 66 ft. 

1 with aisles, and 54 ft. high (figs. 1325-6). 



1 


. *®®ndad 1040, Ruanlled in IftftO. The flying buttremes of Henry Vll.’a otuipel are nmong the most 
beftutifi^y decorated in Bagbmd. Tbe trdoris of tbe ohurob are lighted from a zwaige of j^ndowt 
boniisfcing ot three oirolea, iueoribed within a triangle. The chapter hcoie.lUi octagon 
^ ^bnttet^r, ia of the eame date as the choir ; the two aides of the ololater, which u 180 ft. by 
Ml ft^ date as the western la^ of the nare, Portiona of the « Pahrlo Bolk •* have been printed In Soott, 
gbwrfiys, 8VO., 1888, gad editioii. The total length intersany is given as 489 a and 511 ft 6 in. Them 
wMn^nt are from Keelers fflHoryi those "oorroerted’* in i^ermaan^iTVSforfaresiiiaUer. The ooMde 
« m fdiapet Was veatevefi 1809.» W Thomas Gayfere, aiaBOfi, trader James Wyatt, »,A. ; the bnUding 
genWally by Bdwotd Blote, and by & 0. G. Soott, RA., 1848-69, I«ter L Pearson, R.A, 

0 2 
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BATH— Abbey Church, Bekedictink (SS. Peter and Paul) 


1 Dates and Founders. 

Nave. 

Choir. 

Aisles. 

Transepts. 

0* Tower. 

149.51 Bishop Oliver Kin;;, but 
1503/ not roofed 

15721 Bishop Peter Cbmpunmn, 
to S Bishop Montague, and 
1616) others 

1535 Prior Birde’s chapel 

L. B. H. 

148 78 

L. B. H. 

78 - 76 

General 

1 

L. B. H. 

Repairs, &c. 

L. B. H. 

128 - - 

L. B, H. 

40 80 1C8 


Bee founded 970, and with WeUi 1060. Congldered to be the last bnilding in the Perpendicular pcrlodg 
of great magnitude. Bdward Leyceetre, master of the works, succeeded 1687 by John Multon.frMmaaom 
It hM 68 large sized windows. Its internal length is 218 ft. and breadth 74 ft. Interior remodelled 1888 
by Gl. P. Manners, and restored 1868-71 by Sir G. Q. Scott, R.A. 


S. ALBAN’S— Abbey Church, Benedictine (S. Alban). 


Dates and Pounders. 

Nave. 

Choir. 

Aisles. 

Nave. 

Transepts. 

C. Tower. 

1077*1 Abbot Paul (east part of 
1078 J nave) 

1195 1 Abbot John de Celia f 

to 1 235 J & W. de Trumpington \ 

1260 eir. John de Hertford 

1290cir. Roger de Nortone 

1308 John de Marynes 

1326 f Hugh de Eversdone | 

L. B. H. 

276i 771 67 

3 w. portals 
and w. end 
of nave. 

L. B. H. 

70 66i 

Sanctuary. 
\m 85 h7 
g&ady oil 

^ 23 31t j 

L. B. n. 

276J 16 - 

apel and anti 

L. B. n. 

176i 82 “ 

e-chapel. 

L. B. H. 

45 47 - 

outs. 148( 
ins. 102 


Founded 708. See founded 1877. Abbot John de Whethamstede, 1420>40 and 1451-44, altered the 
ground story windows north side of nave and choir, added the large windows in nave and transepts, and 
the watching loft. The internal length is 820 ft. Sj in. Outside length, 860 ft. from plinth of buttreas 
of east wall of Lady ohapel to plinth of west porch. Restoration was commenced 1870 to the tower, 
by Sir G. G. Scott (died 1878). The west front and part of south transept were pulled down and rebuilt 
1684-7 by direction of Sir E. Becket Denison, now Lord Grimthorpe. 


TRURO— Cathedral Church (S. Mary) 


Datee and Founders. 

Nave. 

Choir, 

Aisles. 

Transepts. 

Tower. 



L. B. H. 

L. B. H. 

L. B. H. 

L. B. H. 

L. B. H, 

May 20. 1879,1 
to 

Nov. 1, 1887., 

Bishop Benson 
* and 

Bishop Wilkinson 

180 70 

112 70 

Nave. 

88 *>;. 80 
Ohofr. 
112 28 

110 27 70 
Choir. 

- 22 70 

15 15 - 
30 30 out 
0. to be 225 
W. 24 206 
Clock tower 
- - 135 


^ founded 1884. South of south choir aisle is a second aide 7 ft. wide, and aonth of this is the old 
aisk of the parish ohuroh (Early English and Decorated periods). This is 78 ft, long, 17 ft. wide, and 
S9 ft ^h. A WMtem tower has been added to this aisle, and forms a feature In conneotion with the 
Bou^tr^pt The external length is 284 ft, 78 ft. across the nave and aiaka, and U7 ft. acrow tnm- 
•epts. The internal length is 876 ft by 110 ft. The architect is John LPcaxsooLltA. At present 

lW7,aiw yeoted ch^, the transepU Md aisles, the east transopttbe bimtistw^Twona^ 
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SOUTHWELL — Collioiati Chorch, StCDUUi Camomr (S.BfRry tbe Vii^gin). 


— 

1 Dates and Founders. 

Kave. 

Oholr. 

Aisles. 

Transepts. 

Towers. ' 



L, B. H. 

L. B. E. 

L. B. H. 

L. B. H. 

L. B, H. 

1110 ' 

— 

0E N. porch. 

— 

- 16 - 

123 28j^ - 

0. Towers. 

. - 105 

1230 1 

to 1250 J 

Fine Early Engluh 

— 

114 28$ 48 

1 

— 

2 west 99 
Spire 60 

1385 \ 

to 1300 j 

y Early Decorated 

i 

1270-80 Oloister to chapter b^aie 
1294 Chapter house, 821 ft. dia- 
meter, and reHTabule. 

1335-40 

Organ Screen 

1450 Large windows and west window. | 



See founded 1880. Bepalrs carried on steadily since about 1800 by John Gregory and his labourers. 
From 1870 the roofing, restoration of the west spires and of the chapter honse, were completed under 
Mr. Ewan Gnrlstlan.wfao (1886) has commenced the stalls and restoration of the sjbreens ; imd the fiooring 
of stone and marble. The perfect condition of this structure, erected of magnesian limestone similar 
to that of Bolsover Moor, attracted the attention of the Oommissioners In their Report on Stone for the 
Houses of Parliament, fol., 1889. Its internal length is 800 ft. It was reopened February 2, 1868. 
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VUZABETHAM ARCHlTECTUIp.^ X.ATS TUUOR STTLE. 

436. The revival of the arts in I*a1y has furnished tlio subject of Chap. 11. Sect XVI. 
It commenced, as we have there seen, with its authbr Brunelleschi, who died in 1444 ; 
and it was not till nearly a century afterwards that its influence began to be felt in this 
Country. The accession of Queen Elizabeth took place in 1558. 

437. Whilst the art here, though always, as respected its advancing state, much behind 
that of the Continent, was patronised by the clergy, it flourished vigorously ; but when 
that body was scattered by the dissolution of the religious bouses, no one remained to foster 
it ; and though Henry VI II. delighted in spectaehf and a gorgeous display of his wealth, 
he was far too great a sensualist to be capable of being trained to roflnement in the arts. 
There is in England no general pervading love of the arts* as among all classes on the 
Continent. Tlie Elizabethan, or as some have, perhaps more properly, called it, the last 
Tudor style, is an imperfectly understood adaptation of Jtah'an forms to the habits of its 
day in this country. It is full of redundant and uomeanijig ornament, creating a restless 
feeling in the mind of the spectator* which, in the cinque-cento work, the renaissance of 
Italy, was in some degree atoned for by excellence of deiign, by exquisite execution of the 
su^loot, aud by a raflnement in the forms which some of the flrst artists the world ever 
law gave to its productions. In Italy, the orders almost instantaneously rose in their 
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proper proporitceis, sooi; leating nothing to be deelred ; but la England tliey were for e 
umg time engrafted on Gothic plans and forms. 

4S8. The work of Andrew Boriie has been before mentioned; but the earliest publication 
m England relative to practical architecture was, ** The fir^t and ohiefe Grounds of Archt* 
teoture used in all the ancient and famous Monyments with a farther and more ample 
Discourse uppon the same than has hitherto been set fbrthe by any other. By John Shute, 
paynt# and archi ecte." ** Printed by John Marsbe, fol., 1563.” This John Shute Imd 
beim sent by Dudley, Duke of Northumberland, to Italy, probably with the intention of 
afterwards employing him upon the works which be was projecting. His work, though 
republished in 1579 and 1584, is now so rare that only two copies are known to exist, 
one of which is in the library of the Hoyal Institute of British Architects, and the other 
in the Bodleian Library at Oxford. From this and many other circumstances, it 
IS easy to discover that domeatlo architecture upder Elizabeth had assumed a more 
acientifio oliaracter. Indeed, there is ample evidence that no building waa now under- 
taken without the previous arrangement of a digested and regulated plan ; for early in 
the reign of this aovereign the treatises of Lomazzo and many others uere translated 
into English ; and in the construction of the palatial houses of the aristocracy, the 
architects had begun to act upon a system. The principal deviation from the plans of 
the earlier Tudor houses was in the bay windows, parapets, and porticoes, whereof the two 
latter were intensely carved with all the forms that the most fantastic and grotesque 
imagination could supply. 'Flic exteriors of these porticoes were covered with carved 
entablatures, figures, and armorial hearings and devices. The galleries were lofty, wide, 
and generally more than a hundred feet in length ; and the staircases were spacious and 
magnificent, often occupying a considerable portion of tlie mansion. Elizabeth herself does 


not appear to have set, during the passion of the period for architecture, any example to 
her subjects. She might have thought her father had done sufficient in building palaces ; 
but, however, be that as it may, she encouraged the nobles of her court in great expenditure 
on their residences. With the exception of the royal gallery at Windsor, she herself did 
actually nothing ; whilst on Kenilworth alone, Lord l^eicester is supposed to have expended 
no less a sum than 60,000/., an almost royal sum of money. 

439. Before proceeding further, it becomes our duty here to notice a peculiar construction 
which prevailed in the large manor houses of the provinces, and more especially in the 
counties of Salop, Chester, and Stafford, the memory of many whereof, tliough several are 
itill to be seen, is chiefly preserved in engravings ; we allude to those of timber frame- 
work in places where the supply of stone or brick, or both, was scanty. The carved 
pendants, and the barge-boards of the roofs and gables, which had, however, made their 
appearance at a rather earlier period, were executed in oak or chesnut with much beauty 
of design, and often with a singularly pleasing effect. Tlic timbered style reached its 
zenith in the reign of Elizabeth, and is thus illustrated in Harrison’s description of 
England ; — « Of the ciiriousncsse of these piles I speake not, sith our workmen are grown 
generallie to such an excellence of devise in the frames now made, that they farre passe the 
finest of the oldc.” And, again : “It is a worlde to see how divers men being bent to 
buildinge, and having a delectable view in spending of their gootles by that trade, doo 
dailie imagine new devises of their owne to guide their workmen withall, and those more 
curious and excellent than the former.” (p. 336.) The fashion was no less prevalent in 
cities and towns than in the country; for in them we find that timber-framed houses 
•Imunded, and that they also were highly ornamented with carvings, and exhibited in their 
street fronts an exuberance of extremely grotesque figures performing the office of corbels 
ITie fashion w:is imported from the Continent, which supplies numberless examples 
especially in the cities of Rouen, Bruges, Ulm, Louvain, Antwerp, Brussels, Nurem-* 
burg, and Strasburg, very far surpassing any that tliis country can boast. We have 
however, sufficient rt mains of them in England to prove that the wealthy burgess 
affected an ornamental display in the exterior of his dwelling, rivalling that of the aris- 
tocracy, and wanting neither elegance nor elaborate finishing, whilst it was productive of 
a highly picturesque effect in the street architecture of the day. “ This manner,” says 
Dallaway, “was cerUinly much better suited to the painter’s eye than to comfortable 
habitation ; for the houses were lofty enough to admit of many stories and subdivisions, 
and being generally placed in narrow streets were full of low and gloomy apartments, 
overhanging each other, notwithstanding that they had fronts, which with the projectinir 
windows and the interstices were filled for nearly the whole space with glass.” Fio. 201 is a 
representation of Moreton Old Hall, Cheshire, built circa 15.50-59, partly rebuilt 1602 
4^. A brtter idea of the architecture of this age cannot be obuined than by a notice 
of the principal architects who have fumislied materiala for the foregoing observations r 
for this purpose we shall refer to Walpole’s Anecdotes. A foUo^ok of drawiniw! 
feeing ^ the Earl of Warwick in the time of Walpole, enabled him to bring 
the knowledge of ^he JJprld, and perpetuate the memory of, an artist of no mean 
powers, whose mm?, till that author’s ti«e„ was almost buried in pbUvioii, aad3 
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wbom little is still known, thon|^h bis work oootains i6eTii|of«t|da rcieilng to man^ of 
the princifMil eJiftees erected during -the reigns of and her successor 
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His name was John Thorpe; and at the sale of the library of the Hon. Charles 
Greville in 1810, the MS. in question came tiip the possession of the late Sir John 
Soane, Professor of Arcliitecture to the Royal ^Academy. It is a folio, consisting oi 
280 pages, wherein the plans, often without a scale, are nevertheless accurately executed. 
Several of the subjects were merely designs for proposed mansions. UTic elevations arc 
neatly drawn and shadowed. ITie general form of the plans is that of three sides of a 
quadrangle, the portico in the centre being an open arcade finished by a turreted cupola. 
Wlien the quadrangles are perfect, they are, for convenience, surrounded by an open 
corridor. The windows, especially in the principal fr 9 nt, are large and lofty, and mostly 
alternated with bows or projecting divisions, and always so at the flanks. Greut efforts 
were made by Thorpe to group the chimneys, which were embellished with Roman Doiic 
columns, and other conceits. Portions of the volume have been engraved by Air. C. J. 
Richardson in the first part of his Architectural Remains of tiie Reigns of Elizabeth and 
James I.jfoX. 1838-40. Amongst the contents of Thorpe’s volume (which has buen col- 
lated for this edition, 1866), are : — Outlines of a “ jambe mould,” muniell.” “ rayle mo. for 
stay re,** “ corbell table,” parapets, &c. ; and the five Orders, with rules for drawing them. 

Page 19, 20. Plan, “ Buckhurst bowse, Sussex.” Built, 1565, by Thomas Sackville, 
£arl of Dorset, i^rd High Treasurer to Queen Elizubeth. The front cxtcncs 
230 ft Tlie courtyard is 1 00 ft. by 80 ft., and the hall 80 ft. by 50 ft. 

24. a front or a garden syde for a noble man,” dated 1600. 

87, 38, 50- “The way how to drawe any ground plot into the order of perspective,” 
with descriptions, the (rout being parallel with the spectator. 

39, 40. Plan, with a courtyard in front. “ Sr Geo. Moores bowse.*' 

44. Plan. ** Cannons, my La : Likes howse.” 

48. Plan. **CoptbaU, 16 fo. 8 ynch. This cort should be 83 (or 88) fo. square.*’ Built 
for Sir Thomas Ueneage. The gallery was 168 ft. long, 22 ft. high, and 22 ft, wide. 

49. Elevation. ** Woollerton, Sir Fraunc, Willought^,** Nottinghamshire, which has the 
inscription,^ ** Jnehoatm^ 15,80-1588.” Mr. Dallaway not^s that the tomb of 
Robert Smithson, in Wollaton church, calls him *'«rohftector and surveyor unto 
the most wortt^ bouse of Wcdlaton, with divers ethers of great account Ob. 1614,^ 
whi^ would app^ to invalidate Thorpe’s claim ; Smithson was probably Thorpe’s 
pnpil tmd successor. Tiie property now belongs to Lord Middleton. {Soejig, 203.) 

54. Hm, rough. ’** Sr Jo. Bagnall.” A gallery 60 ft. long. 

57, 58. Two plena. **Burgl>ley juxta Stamford.** Built, 1578-80, for William Cecil, 
Lord TreesnTer, (See log.) fnevatkm, signed ** W, Burgbley,** in Richardson, 4to, 

^ fi7, 68. Two plana. **Xhorntba CoUedg, Sr Vincent Skynnera.” A gallery 113 ft 
loj^iniS^lltXrldA 



^ .'mfrrottroif^ciai^efmla^ 

«ft glSk of iieorf Vll.t Chapel “Capella hm$L impeniU 14,0001b. mBoeit. 

^iWfe Ao 1502." ^ . 

rXf tB. Plan. Cliateau dc MdaKd. Bbia de Boulogne, neiir Pans, now pulled down. 
eSrAB, Plan and eletaiion. OW Someraet House. j m 

PS, Plan. “ Sr Walter Coap at Kensington, pfected p me J. T. Holland HouiCi 
dnisbed in 1607* and added to 1^ Inigo Jones and N. IStone. 

94, Plan. *‘Sr George Corpin,” Hertfordshire, cir. 1608 (?) 

109. Plan. ** A London house, La Darby, channell row ** (?) 

105, 106. Plan. ** Duke of Bucktngl^ at BurghKy," or Buriey-on-the-Hill. (^See 57.) 

1 13, 114. Plan. “ Wymbleton An Ifduse standing on the edge of an hie hill.” Built, 
1588, for SirTho. Cecil. Fuller says it was “aduring structure, nearly cqualtoNonesuch.” 
123, 124, 127, 128. Plans. “ Q,ueene mother’s bowse, fabor St. Jarmins, alia Parec, 


altered p Jo. Thorpe.** ^ 

136* Plan. ** London howSe of 3 bredthes of ordy tenemts.” Supposed design for Sir 
Fulke Creville*s(Lord Brooke) house, near Gray’s Inn. 

139,140. Plan. Kerby whereof I layd ye first stone, Ao 1570,” Northampton- 
shiie, fijr Lord Chancellor Hatton. 


150. Plan. ‘♦Bichmt. Lodge, Sticles” (?). (Robert Stickles’) 
IJl. iptlan. ^*Sr Pcival Hart,” Lullingstone, K^t 
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155-158. Plan and elevation. “ Longford Castle, Wiltshire (Ji^, 202). A diagram 
of the Tiinity is drawn in the middle of the triangular court. Built for Sir Thomas 
Ooiges and his wife, the Marchioness Dowager of Northampton, in 1591 ; now the 
Earl of Radnoi’s. 1 he plan differs from that given (1766) in Britton’s /frc/i. Antiq, 

163. Plan. “ Mounsier Jainniet in Pans, his howse, 1600. 

164. Plan. *‘ Gjddye Hall, 84 fo. square,” Essex Altered for Sir Anthony Coke, 

167, 168. Plan, “St Jarmin’s howse, V leagues from Pans, Ao 1600.” 

203, 2Q4. Plan. Audley end ,” and later, “ Audley End in Essex, seat of Lord Suffolk,” 
now the propeity of I^ord Brujbrooke. Thorpe’s part was completed about 1616. 

215, 216. Three plans. Greek cross Ly\edcn co Northam (?). Built by Sir T. Tresham. 

225. Two plans. “ Mr. Tayler at Potter’s barr, 1596.” 

232. Plan, H shape, with a courtyard, “ 94 fo. square,” and a gatehouse. ** This plot 
drawne after 8 fo. 8 inche, p Jo. Thorpe,” (? his own drawing). 

2.34. 1 wo elei Htions. “ Heddington Jo Chenyts,” (? Toddington, co Bedford). 

239, 2^0. Two plans. “ Sr Walt. Co\ert, Sussex,” at Slaugfaam, near Horsham. 

267,272. Two plans. “Ampthill old howse, enlardged p J. Thorpe.” “Duke of 
Bedford ” (?), It was.^e residence of Queen Catherine, first wife of Henry VII L 

265, 266. Plan and elevati^ ^ foy Mr. Willm PoweU,” or Howell ; of timber. 


Amongst the gaqer|d de^to«"which are chiefly plans, are, page 21, “ Sir Jo. Dan%er^ 
Ghelsey;” 28, “Sr Wm. irti<Iden”(?) ; 31, “Mr. Johnson ye Druggyst;” 43, “Sir 
Walter Hawley io^Sir James ; ” 45, “ Sir Tho Dorrell, Jincolne slfire ; ” 46. and half eleva- 
tion, •* Godstone ; ” 59, two plans, “Sr George Set Poole;” 62, a long-fronted houfe at 
“ Higate ; ” 65, “ Sr Jame^ (?) Clifton^s howse ; ” 121, “ Mr. Keyes j ” L32, “ Mr. Den- 
man;** 147, 148, and elevation, “ Sr William Hasendget” 176»“Hr. Panton;” 182, 
HsddaMir at 16 fo ; ” 185, “ Mr. Fulte” (?) ; 187, “ Mr. W. Fitwilliams ; ** 199, 

Sr Heiii Ne««{” 201,202, “Jo. Clamicard;” 205, **Sr Tbo. Holt, 12pte;*’ and 
95fif, ^ Aitficld lodge.” 275-278, has a gallery 160 ft. long and about 25 ft, wides 14# 
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is des}gnl4 vUtiin a circle ; aaJ li^U on a trfs&gia With Vlttijim Interior r Sss ts 
also a triangular plan, as named. Man^ tfaese tWgn* mobabljr be tdenliiodi bnt 
H would entail mngli labour* i 

^ 441. Walpole, upon I’Acr^Js’s CommiiUonit dbei^His,. tliat the taste of this mastet^s maiH 
nona was that bastard style which intervene between G^hl^ OrecuUi architecture, 
or which, perhaps, was the style that had be«i Invented for the Rousee of no|i>ility when 
they first ventured, on the settlement of the kingdom after the termination of 0ie quarrel 
between the Roses, to abandon their foi tlfied dungeons, and consult convenience and mag^ 
iiificence.** The same author continues, ** Thorpe^s ornaments on the balustrades, porches, 
and outsides of windows are barbarous and ungraceful, and some of his vast wipdows 
advance outwards in a sharp angle ; but there is judgment in his disposition of ap^mentf 
and offices, and he allots more ample space for halls, staircases, and chambers of state, UA 
appears, also, to have resided at Paris, and even seems to have been employed tbeso^‘ 
Among the designs he made is that of a whimsical edifice, designed for himself mroftng on 
the plan the initial letters of his name whidi are joined by a corridor, tbfi H b^ng 
the situation of the offices, and the Y l^ing skilfully distributed into large and small 
apartments. The epigraph to the design is as folbws : — (pages SO and 50) 

“ The* 2 Letters | nnd T 
i<M ned together as you tee 
Is ment n dwelling lio« to for mee 
John iHonra*’ 

Walpole truly ohser\es of this volume, that ** it is a very valuable record of tlie maguifi, 
cence of our ancestors, and preserves memorials of many sumptuous buildings of whieh ni 
other monument remains.** We ought, perhaps, to have sttfiered our account of 
to ha\c been preceded by those of others, but tlie consphmous rank he holds in the Rig 
of Pnghsh architects of this period induced us to plaae him before another, for a Htths 
tune his predecessor in the works of the country. We allude to the name of Robert 
Adams, wlio translated Ubaldini's account of the defeat of tlie Spanish Armada from the 
Italian into Latin ; a feat which we fear but few architects of the present day would easily 
accomplish, such is the fall of education for artists, notwithstanding all the boasts of march 
of intellect This translation appeared in 4to., 1589. He was surveyor of the queer’s 
buildings, and appears to have been a man of considerable ability. His place of sepulture 
was in an aisle on tlie north side of the old church at Greenwich, with this inscription, 
** Lgregio Viro, Roberto Adams, ojierum regionnn supervisori architecture, peritissimo, 
oh. 1595 Simon Rj»il, operatiomnn regmrum conUarotuUtor, hoc posuit monumentum 
IGOI " 
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44^ Btiinard AtUmsiiad Laarrcfiies Brodthavr were e!to eminent amon^ the afcbitcetfl 
ef tbe iKeriod under our con^dermtion ; but we must nottee more partioularly Gerard 
Clirismas, who was associated with Bernard Jansen in the erection of ^ithamptopy after- 
wards SuFolky and now Northumberland House, not strictly belonging in time, though in 
stylet, to the reign of Klisabeth. Both of these architects are considered to have been much 
employed. In the balustrade and on the 6tri>et front were the letters H. N. and C. JG., 
which no doubt stood for Henric. Howard. Northampton. Comes iEdificavit Yet C. ^ 
has been supposed to denote ** Chriannas iEdificavit** Such letters were repeated, a 
practice then much in vogue, for there are many examples of in<u;riptions of letters en* 
closed within the balustrade, as if within lines, and pierced so that the sky seen through 
them renders them distinct from almost every point of riew, Bernard Jansen was probably 
the architect first employed at the splendid mansion of Audley Inn in Essex, for Thomas 
Howard, Earl of Siiffolk $ and, bmides the association with Chrismas above mentioned, 
was joined with Moses Glover in completing Nortlmmberland House, and was probably 
the architect who 6ni8hed Sion House in Middlesex, for Henry Earl of Norttiumberlan^ 
who had at tlie time expended 90001. in the work. 

443. Robert and Huntingdon Smithson, father and son, were engaged on Wollaton Hall 
(^g. 203. at the foot of the preceding page), in Nottinghamshire, as also at Bolsover in 
llerhyshire. The former died in 1614, at the age of seventy-nine, and the latter in 1648, 
but very possibly John TThorpe was consulted in this splendid work, for among his designs, 
at the reader will recollect, are some for Wollaton. 

444. Thomas Holt, a native of York, was the arphitect of the public schools at Oxford 



r ji,. 804. ), of which the hint might Uve been taken fisom the Campanile of Santa CbUiR 
Kt^lea, and <rf the quadra^lM of Merton ai^ Wadham eolleget. He vaa tbe first in this 
eoun^ who introdueed the clatsioal orders m series above each other. He evidentlv ben. 
»wed the practice from ntllibert Ddorme, who had done frie same thing at the 
d Amtt, beer Paris, one of the vietfro edifices of tbe Revolution. We apprehend anv 
argument to ptove the absurdity of such conceits is lumecessary. ^ 

44S. Many of the grandest works pf «bM is tenned the EUs^tW. or, In truth, dm 


i^^f, lit ELtzAmni^H sm 

Ifit IWor ftfle, were not oompleted before the mhidk of ^ of Jemce I. ; fo thht ft 

may be eef4 ^ mto been practised until the days of Inigo in whose eariy works it 
tnay be traced, ‘t This fkshion,** says Ballaway, " of building enpniKma bouses was^s— 
tended to that peribdf and even to the civil war. Audley Inii» HatfUdd, Charlton, Iritis, 
and particularly Wfdlaton, are those in which the best archil^ure of that age may be 
seen. Others of the nobility, deserting their baronial residences, indulged themselves m a ^ 
rivalship in point of extent and grandeur of their country-houses, which Was, of course, 
followed by opulent merchants, the founders of new fomilies. Sir Baptist Hickes, the 
king's mercer (afterwards ennobled), built Campden House, Gloucestershire, which was 
scarcely inferior to Hatfield, afterwards burnt down, 'iliere is scarcely a county in 
England which cannot boast of having once contained similar edifices; a very few are stil. 
inhabited ; others may be traced by their ruins, or remembered by the oldest villagers, who 
can confirm the tradition ; and the sites, at least, of others are pointed out by desenptions as 
having existed within the memory of man.” 

440, Tlie following is a list of some of the principal palatial houses fini^ied before 1600. 
Others of the reign of Elizabeth's successors will hereafter be noticed. Of so many ot 
them are the names of the architects undetermined, though many are assigned to those we 
have already mentioned, that we shall not attempt to assign a column to the artists in 
question, for fear of misleading our readers. 


Name. 

Date. 

County. 

Pounder. 

Present State; 

Catlcdge - 

1560 

Cambridge- 

Iiord North - 


Taken down 

Basing house - 

1560 

Hants 

Marquis of Winton 

• 

In ruins 

Kelstun - 

1587-92 

Somerset - 

Sir J. Harington - 


Rebuilt 

Gorhambury 

1565-68 

Herts 

Sir N. Bacon 


In ruins 

Buckhurat 

1560-67 

Sussex 

Lord Buckimrst - 


Destroyed 

Knowle - 

1570 

Kent 

Lord Buck hurst - 


Peffect 

Penshurst - 

1570-85 

Kent 

Sir H. Sydney 


Perfect 

Kenilworth 

1571-75 

Warwick - 

Earl of Leicester - 


In ruins 

Hunsdon - 

1575 

Warwick - 

Lord Himsdon 


Rebuilt 

Wansteail - 

1576 

Essex 

Earl of Leicester • 


Destroyed 

Burleigh - 

1575-80 

Lincoln 

Lord Burleigh 

. 

Perfect 

Osterley - 

1577 

Middlesex - 

Sir Thomas Gresitam 


Rebuilt 

Longleat • 

1567-78 

Wilts 

Sir J. Thynne 


Perfect 

Stoke Pogis 

1580 

Bucks 

Earl of Huntingdon 


Rebuilt 

Toddington 

1580 

Beds 

Lord C'heyney 


Destroyed 

Theobalds 

1570-90 

Herts 

Lord Burleigh 


Destroyed 

Wimbledon 

1588 

Surrey 

Sir T. Cecil 


Rebuilt 

Westwood 

1590 

Worcester - 

Sir J. Packington - 


Perfect 

Hardwick Hall- 

1590-97 

Derby 

Countess of Shrewsbury 

In ruins 


447. Relative to Osterley, in the above table, a curious anecdote has been preserved by 
Fuller, in his Worthies of Middlesex, Queen Elizabeth, when visiting its magnificent 
merchant, the owner, observed to him that the court ought to have been divided by a wall. 
He immediately collected so many artificers, that before the queen had risen the next 
morning, says the historian, a wall had been actually erected. 

448. Many of these houses possessed terraces of imposing grandeur, which were con^ 
nected by bw>ad or double flights of steps, with balustrades, whereof, if we may judge from 
Winstanley’s print of Wimbledon, tbe seat of Sir Edward Cecil, it was a very fine example. 
The following extracts from the parliamentary survey of it in 1649 will convey soma 
notion of its extent. “ The scite of this manor-house l^ing placed on the side slipp of a 
rising grownde, renders it to stand of that height, that betwixt the basis of the brick wall of 
the lower court, and the hall door of the sayd manor-house, there are five several ascents, 
consisting pf three score and ten stepps, which are distinguished in a very graceful manner. 
The platforms were composed of Flanders brick, and the straps of fr^tone, very well 
wrought. On the ground floor was a room called the stone gallery, 108 foot long, pillared 
and arched with gray marble.** The ceiling of the hall “ was of fret or parge work, in the 
middle whereof was fixed one well-wrought landskip, and round the same, in convenient 
distances, seven other pictures in frames, as ornaments to the whole roome ; the floor was 
of black and white marble.** 

449. As we have above observ^, the ElUabethan style is a mixture of Gothic and Italian. 

It is characterised by orders very inaccurately and rud^ profiled ; by arcades whose openings 
are often extravagant wide, their height not unfr^mifntly running up into the entabla- 
ttw. The columns on the piers are aWst uxtowy 9a pedestals, and are often banded , 
m^unes of circular or square blocks at intervals of ftieir hmght ; when square, they are ^ 
•wautly dcborated wilhr prismatie raisti^ in precious stonei^ a ipcc^ of 
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ittwnHsiit wltlch is of very frequent recurrence; Nothing like unbroken ciitahlstitrec 
•|>]peftr ; ell is frittered away into small parts, especially in scrolls for the reception of in* 
leriptionsy which, at their extremities^ are voluted and curled up, Tike so many pieces of 

scorched leather. All these ec- 
centricities are so concentrated 
in their sepulchral monuments 
that no better insight into the 
leading principles of the style 
can be a^orded than an example 
from Westminster Abbey, here 
given in the monument of Queen 
Elizabeth herself (jig, 205.). 
In this it will be seen that the 
taste is cumbrous and confused ; 
and to add to the anomalies, the 
figures were coloured, and the 
different sorts of maibles and 
alabasters of numbeiless hues. 
The general composition consists 
in a large altar tomb under an 
open arcade, with a rich and com- 
plicated entablature. Tlie co- 
lumns are usually of black or 
white maible, of tlie Doric or 
Corinthian order. Small pyra* 
midal figures, ^\hose sides were 
richly veneered with variously 
coloured pieces, disposed in or- 
nainentcd squares or circles sup- 
porting globes, are of continual 
occurrence. Armorial bearings 
in their vaiious colours were in- 
troduced to excess. When the 
monument is jilaced against u 
wall, which is more usually the 
case, the phin was accommodated 
to it, and the alcove with its 
I'ia-sw. ut/KKN KtwABgiu’it MOKitwiwT. coluinns universally retained. 

Among the best examples are 
those of Thomas Ratcliffe Earl of Sussex at Boieham in Essex, to cost 1500/., and of his 
eotmtess in Westminster Abbey ; of Robert Dudley Earl of Leicester at Warwick ; and 
oi Henry Carey Lord Hunsdon in Westminster Abbey. 

450. It seems droll in this age, when throughout Europe the principles of good taste in 
architecture are so well understood, that fashion, induced by the cupidity and ignorance of 
upholsterers and decorators, — the curses of the art, — should again sanction an adoption of 
the barbarous forms and unmeaning puerilities which it might be supposed Jones and Wren 
had, by their example, consigned to a merited oblivion. We fear our warning voice will 
do little to suppress the rage till its cycle is completed. We have, in the prolongation of 
the subject, sacrificed our own feelings to the rage in the present day for dcsjgns of this 
class, and have assigned to it a fiir longer description than it deserves. 'Hie wretched 
cockney imitations of it perpetrated for retired shopkeepers in the insignificant villas of the 
suburbs of the metropolis, and occasionally for the amusement of country gentlemen a 
little more distant, as well as the use of what is called Gothic, appear to us in no other 
light than mockeries of a style which is repudiated by the manners of the nineteenth century. 
Tne style called Elizabethan we consider quite as unworthy of imitation as would be the 
adoption in the present day of the model of the ships of war, with their unwieldly and top- 
heavy poops, which encountered the Armada, in preference to the beautiful and compact 
form of a well-moulded modern frigate* 
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451 . The first of the reigns eeotioti has, m aoinemeasure, been anticipated 

In our notice of ElUabetban was impossibl^o keep altogether distind 
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|h>m the fbllowing reign. Tlie angular and elroular bay w!ndow» iioir disappeared entlrel.i^ 
end vere supplanted by large square ones, of very lar^ dimensions in their height, 
unequally divided by transoms, and plaeed In lengthened roars, so as to form leading 
features in the several stories of the building. Battlements tvere now entirely omitted^ 
and the general effect of the pile became one ^massive solidity, broken by a square turrer 
loftier than those at the angles. Tlie houses built in the reign of James 1. are deficient in 
the picturesque beauty found in those of his predecessors. Many of them were finished by 
the architects named in the last section, and they were on a larger scale than even those of 
the age of Elizabeth. Audley Inn in 1616, Hatfield in 16 U, and Charlton House in 
Wiltshire for Sir Henry Knevett, were, perhaps, the best specimens. The house ^ at 
Campden, Gloucestershire, built by Sir Baptist Hickes, and which was burned down during 
the civil wars, consisted of four ftonts, the principal one being towards the garden, upon the 
ground terrace ; at each angle was a lateral projection of some feet, with sp ‘ 
windows ; in the centre a portico, with a series of the columns of the five ordcp 
schools at Oxford), and an open corridor. The parapet was finished with pe^l^. 
capricious taste, and the chimneys were twisted pillars with Corinthian capitals, 
capacious dome issued from the roof, which was regularly illuminated for the direction 
of travellers during the night. This immense building was enriched with friezes and 
entablatures, most profusely sculptured ; it is reported to have been erected at the expense 
of 29,000/., and to have occupied, with its offices, a site of eight acres. 

452. The use of the orders became more general. In Glamorganshire, at Beaitpre 
Castle (1600), which has a front and porch of the Doric order, we find a composition in- 
cluding that just named, the Ionic and the Corinthian, wherein the capitals and column! 
are accurately designed and executed. The following table exhibits some of the principal 
houses of the period ; — 



House. 

Date. 

County. 

Pounder. 

Present 

State. 

Arohiteot. 

Holland House - 

1607 

Middlesex - 

Sir Walter Cope - 

Perfect 

J. Thorpe (?) 

Bramshill • 

1607-12 

Hants 

Edward Lord Zouche - 

do. 


Uncertain 

Castle Ashby 

1625-35 

Northmptn 

Herbert Lord Compton 

do. 


do. 

Summer Hill 

1624 

Kent 

Carl of Clanricarde 

do. 

J. Thorpe (?) 

Charlton • 

1615 (?) 

Wilts 

Sir Henry Knevet 

Restored 


Uncertain 

Hatfield - 

1607-12 

Herts 

Robert Earl of Salisbury 

Perfect 


do. 

Longford Castle - 

1691-1612 

Wilts 

Sir T. Gorges 

do. 


do. 

Temple Newsham 

16l2-lb 

Yorkshire - 

Sir Arthur Ingram 



do. 

Chariton, Great • 

1607-lv 

Kent 

Sir Adam Newton 

do. 


do. 

Bolsover • 

1607-18 

Derby 

Sir Charles Cavendi&h | 

Dilapi- 

dated 

1 Huntingdon 
^ Smithson 

Audley Inn 

1610-16 

Essex 

T. Earl of Suffolk 

Perfect 

B. Jansen 

jl580) 

ll588/ 





J. Thorpe (?), 

Wollaton • 

Notts 

Sir Francis Willoughby 

do. 


R. and H. 
Smithson 




Sin 





453. Under James, the pride and magnificence of tlie aristocracy was os equally dis- 
played in the sumptuous monuments erected to the memory of the departed as in their 
stately palaces ; and we can scarcely point to a county in England whose parish churches 
do not attest the fact by the gorgeous tombs that exist in villages where the mansions of 
those thus commemorated have not long since passed from the memory of man. A year's 
rental of an estate, and that frequently under testamentary direction, was often squandered 
in the sepulchral monument of the deceased lord of a manor. 

454. In the reign of James I. properly commences the career of Inigo Jones, to which 
wo hasten with delight, as indicating the dawn of true architecture (for the Gothic had irre- 
trievably passed away) in England. It resembles the arrival of a traveller at an oasis in the 
dewrt, after a parching and toUsonte journey. Jones, if a table of fame,** says Walpole, 
** like tliat in the TaUer, were to be firnned for men of real and indisputable genhis in 
every country, would save England from the dts|mu» of not having her representative 
anmng the arts. She adopted Holbein and Vandyd^ the borrowed Hubens, sN prodneed 
Inigo Jenet. Vitruvius drew up his granunar, Palladio showed him the practice, Rome 
displayed a theatre worthy his emulation, and Kiiw Charles was ready to encourage, 
employ, and reward his talents. This is the history of Inigo Jones as a genius.*’ Gene- 
rally speaking, we are not admirers of Walpole, wbo often Sfs^rifioed^ruih to fkney, and the 
character of an artist to a prettlly-tnmfd period} hetm are disiMinod to concur in hU 
entieisms without many qualifications; bitt^ln thisomloiie has to well expressed our own 
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Ibdifigi) th«t we regret we cannot add force to the obterlratioiis in which wo ao fhOj 
eottour. 

455. Inigo Jones was the son of a clothworker, and was born about 1571!. From the 
most probable accounts he appears to have been apprenticed to a joiner, in which state he 
was, itovti some accounts, discovered by the Earl of Arundel, from others by Wiilinm Earl 
nf Pembroke, and by one or other of these noblemen sent to Italy, rather, however, aocoi^d. 
ing to Walpole, to study the art of painting, than that of architecture, for the former of 
the author named says, Nature appears not to have fitted him, inasmuch as ** he dropped tne 
pencil, and conceived Whitehall.” But our own belief is, that though he might have after- 
wards been patronised by both the noblemen above mentioned, be owed this part of hh 
education to neither of them ; for, considering that at his first visit to Italy, before 1605, 
Lord Pembroke was but just of age, and that Lord Arundel was somewhat younger, 

t e is no great probability that either of them thus assisted him in his studies on the 

tinetit 

1^. Of his employment as an architect nothing can be traced previous to the visit of 
les I. to the UniNcrsity of Oxford, in 1605, at which time he was thirty-three years old ; 
and then, according to Leland (Collectanea^ App, vol. vi. p. 647.), ‘‘They ” (the Univer- 
sity) “hired one Mr. Jones, a great traveller, wlio undertook to further tlicm with rare 
devices, but perfprmed little to what was expected. lie had for his pains, 1 have con- 
stantly heard, SOL ; ” from which it is certain that his earliest visit to Italy was before 
1605. At Venice he became acquainted with the works of Palladio ; and <there, as 
Walpole observes, “ learned how beautifully taste may l)e exerted on a less theatre tiiar 
ihe capital of an empire/* In this city his reputation was so great, that Christian IV. 
appointed him his architect though of the buildings erected by him in Denmark we know 
nothing. In this country*8 capital, however, he was found by James, and by his Queen 
(Anne) was removed from Copenhagen to Scotland, in the quality of her architect. By 
Prince Henry he was employed in the same capacity, and about this time had the grant in 
reversion of surveyor general of the works. On the untimely and lamented death of that 
prince, he once more visited Italy, where he perfected his taste and ripened his judgment. 
It appears more than probable that it was previous to his second journey tliat he designed 
those of his buildings that partake of a bastard style. 'Phesc buildings, however, are such 
os couldi under the circumstances, liave been designed only by a great master in a state of 
transition from one style to another ; such, for instance, are the north and south sides of 
the quadrangle at St. John’s College, Oxford, in which he seems to have cojiied all the 
faults of the worst exanpiples of his great master Palladio; still the composition is so 
picturesque, that, though reluctantly, we cannot avoid admiring it. In the garden front of 
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Cite same college £06.), nptwithstaiidi^ Its impurity, there is e bre^dtli tod grandeur 
which subdue oriUci«s|« mm raise our ad m i r ati o n; and we by no auilMeribe i6 Horace 
'Walp<de^s dictum, that Info's ^idgni ^ period have a tittlenasi parts 
weight of ornament** Previous to bis aeoond return to Enid^nd, the survQfyor*# place bad 
fallen in, and finding the office in di^ be prtvtuled, as Walpole observes, aniilr ol 
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Rouiaii diBtttterest^nesft, anA showing that architecture wim niot the only thing fie liad 
learned in Rome, on the comptroller and payma<iter of the ofiice» to give up, as he did, aU 
the proiits of the office till the arrears were cleared. 

457. By the Fasdmi, vol. xviii. p. 99., we find that there was Issued to him, in conjunction 
with the Earl of Arundel and others, a commission to prevent the building on new found, 
ations within two miles of London and the palace of Westminster ; and in 1520 he was, if 
po»|ilde, more uselessly employed by James 1. in guessing, ibr it was no more, who were 
the builders ol* Stonehenge For this last, the necessary preliminary information had not 
aven dawned, although Walpole, in his usual off. hand manner, loses not, in alluding to it, tbs 
opportunity of displaying his own dreadful ignorance on the subject ( See Chap. II. Sect. II., 
where this monument has been examined ) In the year last named, Jones was one of the 
commissioners for the repiur of old St. Paul's, though the repairs were not commenced till 
in which year I^ud, then Bishop of London, laid the first stone, and Inigo Jones 
the fourth. Our architect was now too much disinclined to Gothic to bend his genius to 
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lo the ■tM pp of • rettontiott ; md thtmgh the BKww pordco wulch heytae^ 
bmr^ £e ehurch wmm mMgnifieentt the eppHeatioo Homan to Gothic architectjife «f 
cooraa mined the catliedral. The reader wiil Bnd a representation of this port^ in 
Pucdaie’s St. PauVi. Abstractedly considered, it ’iras a fine composition ; and its dimw* 
l^tia, of a leng^th of 200 ft , adeptli of 50^*, and a height of 40 ft*,^ were calculated to give 
it an imposing eftbct. ^ , 

458. The Banqueting Ifouse at Whitehall, which we heve pride in quoting as one of 
the most magniBeent wOrIcs in Europe, has generally hee^ supposed to have been erected in 
the r^gn of Charles I.; but there is sufficient reason for a^gning the period of its execution 
to the precedinif* reign. It wae begun in 1619, and Bnished in two years. Hie designs 
for the palace of Whitehall, whereof 207. at the foot of the preceding page, exhibits a 
block |»Un, on wbidi the banqueting4iouse (at A), it will be seen, forms a very inconsi- 
derable portioiv wdtild, had they lieen executed, have formed, beyond all comparison, the 
finest in the world, Ift ^magnitude it would have exceeded even the palace of Diocletian. 
The form, as will be observed, was an oblong square, and consisted of seven courts, whereof 
six were quadrangular. The central one was larger than the other two chief divisions ; 
and these were again subdivided into three courts, the centre one of which, on the nortli 
side, had two galleries with arcades, and that on the south a circular Persian court, as it 
was called, whose diameter was 210 ft. Surrounded on the ground Boor by an open 
arcade, the piew* between the arches were decorated with figures of Persians, with what 
propriety it is uselesa 4o discuss ; and the upper story was ornamented between eacli 
window with caryfifkles, bearing Corinthian capitals on their heads, surmounted by an 
entablature of that ord^, and the whole was finished by a balustrade. Towards West- 
minster, the front extended 1152ft.; and that towards the park, in which the length of 
the banqueting-house is included, would have been 720 ft. With the exception of 
Westminster Hall, the banqueting-house ^now used as a chapel) was, until of late penn^ 
the laigest room in England, its length being 115 ft., Inrcadth 60 ft., and height 55 ft. 

459. In 16S2, Jones was employed on Somerset House, to the garden front whereof he 
executed (Jig, 208.) a facade of singular beauty, lost to the world by its demolition on the 
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rebuilding of the edifice for its present purposes. On the ascent of Charles I, to the 
throne, architect seems to have been very much employed. As surveyor of the* puUie 
buildingCliis stipend was 8s. Ad. a day, besides an allowance of 46/. per annum for ho«^ 
rent, a clerk, and incidental expenses. 

460. In the passion for mai^ues which prevailed during the reign of Oiarles I., Jeoeveras 
a principal contributor to their splendour. T^ey had been introduced into this eountfy by 
Anne of Denmark ; and Walpole gives a Bit of thirteen to which he fornishod thaae^ 
and mnehinery. 

461. They who have seen Wilton can Appreciate Inigo*s merit for iiaviim tntrdftu0d into' 

England, in the seats of our aristocracy,^ a style vying with ^at of tfi ^ ftalv. 
Some disagreement appears to have arisen between him and fillip Em ^edforolcsl 
which here it would be irrelevimt to dwell on; we will merely mention that In the 
Harleian library existed an edition of Joiies*8 which hid fotme^lf be* 

longed to the nobleman in question; and that its.margiMif are iHled^>y the^J^^iHer 
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pommat wHh notes, not on the substance of th^ work itself, but on its autlior, an^ anything 
eise that couid be ir^ftirious. He calls him ** Iniquity Jones,*" and says he had 16,0004 
a year for keeping the king*s houses in repair. The censures were undeserved ; and the 
accusationif unwarranted by facts, are extremely discreditable to the memory of Earl 
Philip. 

462. The works of Jones 
were exceedingly 'numerous $ 
nuiny, however, are assigned to 
him which were the productions 
of his scholars. Such buildings 
as the Queen's house at Green- 
wich (much altered, and, indeed, 
spoiled, of late years, for the pur- 
pose of turning it into a public 
naval school); Colcshill,in Berk- 
shire, built in 1650; Shaftes- 
bury House, in Aldersgate 
Street ; the square, as planiieii* 
and Church of St. Paul, Coveut 
Garden ; and many other works, 
are strong proofs of the advance- 
ment of architecture during his 
career. York Stairs (Jig 209. ), 
another of his examples, exhibits 
a pureness and propriety of cha- 
racter which appears to have 
been afterwards unappreciated 

« ^ ^ ^ . by his successors, with Wren at 

n,.JO0. 

the side of Jones is only justified by the scientific and constructive skill he possessed. 

463. Jones was a follower of the Venetian school, which we have described in a previoui 
section. His respect for Palladio is evinced by the circumstance of a copy of that great 
muster’s works being his companion on his travels through Italy. It is filled with liii 
autograph notes, and is now deposited in the library of Worcester College, Oxford. Lord 
Burlington had a Vitruvius noted by him in a similar manner. It is curious to see the 
amateurs and pseudo-critics of the present day decry these two authors, whom Jones, a 
genius of the first order, thought his best instructors. The class in question are, however, 
no longer considered worthy of being listened to on matters of the art ; and the public 
taste is, in this respect, turning once more into the proper channel. Palladian architecture, 
thus introduced by Jones, would have reached a splendour under Charles 1. perhaps equal 
to that which Italy can boast, had not its progress been checked by public calamities, iii 
which it was the lot of the artist to share the misfortunes of his royal master. In addition 
to being the favourite of the king, he was a Homan Catholic ; and for this (as it was then 
curiously called) delinquency, he had to pay 5454 in the year 1646. He died, agc*d 
79 >ears, at Somerset House on the 21st of June, 1652 ; and left 4,200/. in legacies, and 
100/. for a raonumeut, so that he did not die in poverty as usually stated. 

464. nie plans of houses introduced from Italy by this master were not, perhaps, alto- 


gether suited to the climate or habits of the English. One of his greatest faults M'as that of 
aiming at magnificence under circumstances in which it could not be attained. Tims, his 
rooms were often sacrificed to the show and effect resulting from a hall or a staircase, or 
both ; sometimes, to gain the appearance of a vista of apartments, they were made too small 
for the scale of tlie house. His distribution of windows is purely Italian, and the piers 
between them consequently too large, so that the light is occasionally insufficient in 
qxMlitliy. The habits of Italy, which enabled Palladio to raise his principal floor, and to 
have the farm offices and those for the vintage in the same range of buildmg us the 
mansion, impart an air of great magnificence to the Italian villa. Jones saw tliat this 
arran^ment was not requir^ for English convenience, and therefore avoided the Palladian 
praettpe ; ** but,” says Mitford, the architects who followed liiin were dazzled, or dazzled 
tlieir employers. To tack the wings to the centre with a colonnade became a phrase to 
exptte the purpose of plan of the most elegant effect ; and the effect, provided the com- 
biaation be harmonious, wffl be elegant ; but the arrangement is very adverse to general 
emivenieii^ and espiocudly in the moderate scale of most general use. Where great 
splendour i$ the objict, convenience must yield to it, Maguificence must be paid for in 
oimen^ii^ as wnM as money.** Webb and Carter were the pupils of Jones, 'flie former 
jdU fomltm us presently with a few remarks. During the time of the Commonwealth, tlie 
ef arolitteotuffo in this country is a complete blank. We know of no public work 
of UOMBq^ice that W114 designed or executed in tlie iuterregnum* On the restoration ©i 
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the muniilrchf, however, the art began to revive; btit it was much tinctured with 'the 
eontemporary French style, which Lord Burlington, on its reappearance many years after- 
wards, had the merit of reforming, and of bringing back the public taste to the purity 
which Jones had introduced : but this we shall have to notice hereafter. 

465. John Webb was nephew as well as scholar of Inigo Jones, wliose only daughter 
he married. He built a large seat for the Bromley family at Horseheath, in Cambridgeshire * 
xMd added a portico to the ^ine, in Hampshire, for Challoner Chute, the Speaker to 
Richard Cromwell’s i^arliament. Ambresbury, in Wiltshire {fig. 210.), was only executed 
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by him from the designs of his master, as also the east side of the court of Greenwich 
Hospital. Captain William Winde, a native of Bergen-op-Zoom, and pupil to Sir Balthazar 
Gcrbier, was, soon after the Restoration, in considerable employ as an architect. He built 
Cliefden House, Bucks, which was destroyed by fire in 1795 ; the Duke of Newcastle's, in 
Lincoln's Inn Fields ; Combe Abbey, Warwickshire, for Lord Craven ; and for the same 
peer he finished llempsted Marshall, which had been begun by his master. But the chief 
and best work of Winde was Buckingham House, in St. James’s Park, on whose site now 
stands a palace, larger, indeed, but unworthy to be its successor. It is known from prints, 
and not a few of our readers will probably recollect the building itself. It was erected for 
John Sheffield, Duke of Buckingham ; and on its frieze was the inscription “ sic sm 
I.^TANTUR LARKS.” The arrears in tlie payments for this house, according to an anecdote 
in Walpole, were so distressing, that when it was nearly finishei « Winde had enticed his 
Grace to mount upon the leads to enjoy the grand prospect. When there, he coolly locked 
the trap-door, and threw the key to the ground, addressing his astonished patron, ‘ I am 
a ruined man, and unless I have your word of honour that the debts shall be paid, I will 
instantly throw myself over.* ‘ And what is to become of me,’ said the duke ? * You shall 
come along with me.’ The promise was given, and the trap-door opened (upon a sign 
made) by a workman in the secret, and who was a party to the plot.” We do not vouch 
hr the truth of the tale. 

466. An architect of the name of Marsh is said, by Vertue, to have designed the additional 
buildings at Bolsover, as also to have done some considerable works at Nottingham Castle ; 
an^ Salmon, in his account of Essex, mentions a Doctor Morecroft, who died in 1677, as 
the architect of the manor-house of Fitzwalters. Of the works of the French taste about 
the middle of the period under discussion, a better notion cannot be obtained * h^ n from 
Montague House, late the British Museum {fig, 211.), the work of a Frenchman here 
whose example had followers ; indeed, Wren himself, in some of his works, has caught the 
Tices of the French school of the day, though he was a follower of the Venetian and Roman 
■chools. The fire which destroyed Ixmdon in 1666, a few years after the death of Jones, 
brought into notice the talents of Sir Christopher Wren, whose career was opened under 
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the reign of Charles II. “ The length of hts life enriched the reigns of several princes an«S 
disgraced the last of them.” (At the advanced age of 86 he was removed by George I. from 
the office of Surveyor General.) “A variety of knowledge proclaims the universality, a mul- 
tiplicity of works the abundance, St. Paurs the greatness, of Sir Christopher’s genius. The 
noblest temple, the largest palace, the most stupendous hospital, in such a kingdom as 
Britain, are all works of the same hand. He restored London and recorded its fall.” As 
the boast of England is the Cathedral Church of St. Paul, it will be necessary to dwell n 
little on a description of it. 

467. llic larger portion of this cathedral stands on part of the site of the old one, as 
si own by the annexed diagram CJiff, 212.), which also exhibits their compaiative sizes. It is 



copied from a drawing by Sir Christopher in the library of All Souls College at Oxford, 
llie instructions to the surveyor, according to the compiler of the Parentalia, were — “ to 
contrive a fabric of moderate bulk, but of good proportion , a convenient quire, with a 
vestibule and porticoes, and a dome conspicuous above the houses;” and in conformity with 
them, a design was made which, from various causes, does not appear to have given satis- 
iRiction ; whereon the compiler observes, that “ he endeavoured to gratify the taste of the 
connoisseurs and criticks with something coloss and beautiful, with a design antique and 
well studied, conformable to the best style of the Greek and Homan architecture.” 'fhe 
model made from this design still exists. This however was not approved, and ** the sur- 
veyor then turned his thoughts to a cathedral form, so altered as to reconcile as near as 
possible the Gothic to a better manner of arclntecture.” A design was approved by the 
king, who issued his warrant under privy seal 14th May, 1675, for the execution of the 
works. This design (engraved for the first time in Longman's The Three Cathedrals, 
1878) was wholly departed from by Wren, in execution. 

468. Much trouble was experienced in removing the immense ruins of the old church, for 
the destruction whereof recourse washed to many expedients. On the north side, the founda- 
tions are placed upon a stratum of hard pot earth about 6 feet in thickness, but not more 
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tluin 4 ft. tliick on the south side ; and upon this stratum, from the experience of the old 
church having firmly rested, the architect wisely determined to place the new one. The 
work was commenced on the western side, driving eastward to the extremity of the site ; 
at which, on the northern side, a pit was discovered whence the hard pot earth had 
been extracted, and the vacuity so made filled up with loose rubbish. The length of thi* 
hole in the direction of the foundation was not more than 6 or 7 ft., and from the fear ol 
piles, if driven, becoming rotten, the surveyor determii>ed to excavate through the sand, 
and to build up from the stratum solid for a depth of 40 ft. The pit sunk here was 18 ft. 
wide; in this he built up a pier, 10ft. square, till it rose to within 15 ft. of the present 
surface. At this level he introduced an arch from the pier to the main foundation, and on 
this arch the north-eastern quoin of the choir is founded. 

4f>9. On the 21st of June, 1675, the first stone was laid; and, within ten years, the walls 
of the choir and its side aisles, and the north and south circular porticoes, were finished ; the 
piers of the dome also were brought up to the same height. The son of the architect laid 
the last stone in 1710. 'ITiis was the highest stone on the top of the lantern. Thus the 
whole edifice was finished in thirty-five years, under the remarkable circumstances ofhaving 
only one architect, the master masons (Strong), and the see being occupied by Bishop 
Henry Compton. 

470. The plan of St. Paul’s is a I.<atin cross, and bears a general resemblance to that of 
St. Peter’s. A rectangular parallelogram, 480 ft. from cast to west (measuring from the 
top of the steps of the western portico to the exterior of the eastern wall of the choir ), is 
crossed by another pandlelogram, whose extremities form the transepts, 250 ft. in length 
from north to south. At the eastern end of the first parallelogram is a hemicyliiulrical 
recess, containing the altar, and extending 20 ft further eastward ; so that the whole length 
is 500 ft., exclusive of the flight of stejis. At the north and south ends of the transepts 
are porticoes, segmental on the plan, and projecting 20 ft. The centre of the intersection 
of the parallelograms is 280 ft. from the western front. I’lie width of each parallelogram 
is 125 ft. At the western end of the edifice, on the north and south extremities, arc towers 
whose western faces are in the same plane as the general front, but whose northern and 
southern faces respectively project about 27 ft. from the walls of the aisles of the nave ; so 
that the whole width of the western front is about 180 ft. In the re-entering angles on 
each side, between the towers and the main building, are two chapels, each 50 ft. long and 
20 ft. broad, ojien to the aisles of the nave at their western end Externally two orders 
reign round the building. I’lie lower one Corinthian, standing on a basement 10 ft, above 
the level of the ground, on the western side, where a flight of steps extending the whole 
breadth of the front, exclusive of the towers, leads to the level of the church. The height 
of this order, including the entablature, is .'jO ft. ; and that of the second order, which is 
composite, is one fifth less, or 40 ft. ; making the total height 100 ft. from the ground to the 
top of the second entablature The portico of the western front is formed with the two 
orders above mentioned, the lower story consisting of twelve coupled columns, and the 
upper one of eight ; which last is surmounted by a pediment, whose tympanum is sculp- 
tured with the subject of the Conversion of St. Paul, in pretty high relief. Half of the 
western elesatton, and the half transverse section, is given in Jig. 213. At the northern 
and southern ends of the transepts the lower order is continued jpi^icoes of six fluted 
columns, standing, in plan, on the segment of a circle, and crowtpiii wiiil a semi-dome abut- 
ting against the ends of the transepts. 

471. The porch of the western front is 50 ft. long and 20 ft. widet the great doorwav, 

being in the centie of it, leads to a vestibule 50 ft. square, at whose angles are four piers 
connected at top by semicircular arches, under which are placed detached coupled columns 
in front of the piers. The body of the chinch is divided into a nave and two side aisles, 
decorated with pilasters supporting semicircular arches; and on each side of the porch and 
vestibule is a passage whiah leads diiectly to the corresponding aisles. The choir is similarly 
disposed, with its central division and side aisles. ^ 

472. The entrances the transepts lead into vestibules 25 ft. deep, and the whole 

breadth of the transept in length, each communicating with the centre by a central passage 
and its idsles formed between two massive piers and the walls at the intersections of the 
transepts with the choir and nave. The eight piers are joined by arches springing from 
one to the other so as to form an octagon at their springing points, and the anglw between 
the arches, instead of rising vertically, tail over as they rise and form pendentivet, which 
lead, at their top, into a circle on the plan. Above this a wall rises in the fonn of a tnin- 
cated cone, which, at the height of 168 ft. from the pavement, terminates in a horizontal 
?ornice, from which the interior dome springs. Its diameter is 100 ft., and it is 60 ft in 
Height, in the form of a paraboloid Its thickness is 18 in., and it is constructed of brick- 
work. From the haunches of this dome, 200 ft. above the pavement of the church, another 
cone of brickwork commences, 85 ft. high, and 94 ft. diameter at the bottom. This cone ^ 

is pierced with apertures as well for the purpose of diminishing its weight as for distri- 
buting light between it and the outer dome. At the top it is gathered into a dome, in the 
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Form of a hyperboloid, pierced near the vertex with an aperture 12 ft. in diameter. 'J*he 
top of this cone is 28,5 ft. from the pavement, and carries a lantern 55 ft. high, terminating 
in a dome, whereon a ball and cross is raised. I’he last-named cone is ))rovided with 
eorl)els, sufficient in number to receive the hammer beams of the external dome, which is 
of oak, and its base 220 ft. from the pavement, its summit being level with the top of the 
cone. In form, it is nearly hemispherical, and generated by radii 57 ft. in length, whose 
centres are in a horizontal diameter, passing through its base. The cone and the interior 
dome are restrained in their lateral thrust on the supports by four tiers of strong iron 
chains, placed in grooves prepared for their reception, and run with lead. The lowest 
of these is inserted in the masonry round their common base, and the other three at different 
heights on the exterior of the cone. Externally the intervals of the columns and pilasters 
arc occupied by windows and niches, with horizontal and semicircular heads, and crowned 
With pediments. In the lower order. BKeentinor Trindillinns imrlor fViu nrki'r.na uitfaltl.. 


. - — ^ 41IIU iiiviicn, iiuiiAuiiuti aim semicircular iieaas, ana crowned 

with pediments. In the lower order, excepting modillions under the corona, the entabla- 
ture IS quite ])lain, and there are also console modillions in the upper order. The edifice, 
in three directions, is terminated with pediment roofs ; and at the extremities, on each of 
those faces, are acroteria, supporting statues 25 ft. above the roof .of the edifice. Over the 
intersection of the nave and transepts for the external work, and fiar a height of 25 ft. above 
church, a cylindrical wall rises, whose diameter U 146 ft. Between it and 
the lower conical wall is a space, but at intervals they are connected by cross walls, 'Hits 
cyliiuler is quite plain, but perforated by two courses of rectangular apertures. On it 
stands a peristyle of thirty columns of the Corinthian order, 40 ft. high, including bases 
and capitals, with a plain entablature crowned by a balustrade. In this peristyle, every 
ourth intercolumniation is filled up solid, with a niche, and connection is ])rovidea iK^twcen 
It and the wall of the lower cone. Vertically over the base of that cone, above the 
M another cylindrical wall, appearing above the balustrade. It is ornamented 
'^h‘ch are a tier of rectangular windows above, and one of blanks 
wall the external dome is posited. As will be seen by reference to the 
^tion, the lantern which we have before noticed receives no support from it. It is merely 
entirely in that respect from the dome of St. Peter’s. 
rovJrtl terminating in open lanterns, 

by curves of contrary flexure, and not very purely composed, 
rrl <Jha^Acte^ vnth the general fn<;ade. The total height to the top of the 

cross fropi the pavement outside is 404 ft., but usually stated as 365 ft. 
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474. Tl.e interior of the nave and choir are each designed with tliree arches longitu- 
dinally springing from piers, strengthened, as well as decorated, on their inner faces, by au 
entablature, whose cornice reigns throughout the nave and church. Above this entabla- 
ture, and breaking with it over each pilaster, is a tall attic from projections on whirh 
spring semicircular arches which are formed into arcs doubleaux. Between the last, p<n- 
dentives are formed, terminated by horizontal cornices. Small cupolas, of less height thaii 
their semi-diameter, are formed above these cornices. In the upright plane space on the 
walls above the main arches of the nave, choir, and transepts, a clerestory is obtained over 
the Attic order, whose form is generated by the rising of the pendentives. The innei 
dome is plastered on the under side, and painted by Sir James 'TlKM-nhill, with subjectfl 
relating to the history of St. Paul. 

475. For external elegance, we khow no church in Europe which exhibits a cupola 
comparable with, that of St Paul’s, though in its connection with the church by an order 
higher than that below it there is a violation of the laws of the art. Tlie cost of the church 
was 736,752/., exclusive of the stone and iron enclosures round it, which cost 11,202/. 
mote ; in all 747,954/. About nine-tenths of that sum were raised by a tax on coals im- 
ported into London. As compared with St. Peter’s, we subjoin a few of the principal di- 
mensions of the two churches. 


Direction of Measure. 

St. Peter’s in Kn- 
glith Feet. 

St. Paul's in En- 
glish Feet. 

Excess of the former 
In Feet. 

I^ength within 


669 

500 

)69 

Breadth at entrance 


226 

100 

126 

Principal fa9ade 


395 


215 

Breadth at the cro.ss - 


442 


219 i 

Cupola, clear diameter 


139 


31 

1 Cupola, height of, with lantern 

432. 

330 

102 

Church in height 

- 

146 

no 



476. If we suppose sections to be made through the tvan!,cpts of the four principal 
churches of Europe, we have their lelativc sizes in the following ratio : — 


St. Peter’s, Rome - - . 

Santa Maria del Fiore, at Florence 
St. Paul’s, London 
St. Genevieve (Pantheon), Paris - 


- I’OOOO 

- *5358 

- *4166 

- -3303 


477. Notwithstanding its imposing eflTect as a whole, and the exhibition in its construc- 
tion of a mechanical skill of the very highest order ; notwithstanding, also, the abstract 
beauty of the greater number of its parts, it is our duty to observe that many egregious 
abuses are displayed in the fabric of St. Paul’s, the first and greatest whereof is the great 
waste of interior elfect as compared with the total section einjdoyed. If we suppose, as 
before, sections from north to south to be made through the transepts of the four prin- 
cipal churches, the following table will exhibit the proportion of their clear internal to their 
external areas: — 


St. Peter’s, Rome - 

Santa Maria del Fiore, Florence 

St. Paul’s, London 

St. Genevieve (Pantheon), Paris 


- 8,325 : 10,000 

- 8,855 ; 10.000 

- 6,865 : 10,000 

- 6,746 ; 10,000 


Whence it is seen how highly in this respect the Duomo of Florence ranks above the others. 
The defect of St. Paul’s in this respect is mainly induced by the false dome ; and thoun-li 
we may admire the ingenuity that provided for carrying a stone lantern on the top o^a 
truncated cone, deceitfully appearing, as it does, to stand on the dome from which it rises, 
we cannot help regretting that it afforded the opportunity of giving the building a cupola, 
liable to the early attack of time, and perhaps that, more to be dreaded, of fire. * 

478. In the skill required for raising a building on a minimum of foundation, Sir Chris- 
topher Wren appears to have surpassed, at least, those who preceded him. In similarly 
or nearly so formed buildings, some criterion of the comparative skill employed in their 
construction may be drawn from comparing the ratio between the area of the whole plan, 
and that of the sum of tlie areas of the horizontal sections of the whole of the piers, 
walls, and pillars, which serve to support the superincumbent mass. The similarity of the 
four churches already compared affords, therefore, a criterion of their respective merits in 
this respect. We hardly need say that one of the first qualifications of an architect is to 
produce the greatest effect by the smallest means. The subjoined table is placed before the 
reader as a comparison of the four churches in reference to the point in question. 
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given a transverse section of the nave and its side aisles. From this it will be seen tlial the 
enormous expense of the second or upper order all round the church was incurred for no 
other purpose than that of concealing tlie flying buttresses tiiat are used to counteract the 
thrusts of the vaults of the nave, choir, and transepts, — an abuse that admits of no apology. 
It is an architectural fraud. We do not think it necessary to descend into minor defects 
and abuses, such as vaulting the church from an Attic order, the multiplicity of breaks, 
and want of repose; the general disappearance of tie and connection, the piercing, as 
practised, the piers of the cupola, and mitering the archi volts of its great arches, and the 
like, because we think all these arc more than counterbalanced by the beauties of the edi- 
fice.^ We cannot, however, leave the subject without observing that not the least of its 
inerits is its freedom trom any material settlcm^rit tending to bring on premature dilapida*. 
tion. Its chief failures are over the easternmol^ arch of the nave, and in the north transejpltt 
for the remedy whereof (the latter) the architect left written instructions. There are also 
some unimportant failures in the haunches of most of the flying buttresses, which are 
scarcely worth notice. 

480. The wretchedly naked appearance of the interior of this cathedral is a disgrace 
neither to the architect nor to the country, but to the clergy, Terrick, bishop of London, 
and Potter, archbishop of Canterbury, who teftiscd to sanction its decoration with pictures, 
gratuitously proffered by artists of the highest reputation ; and this after the cupola itself 
had been decorated. Tlie colour of the sculpture is of no use in heightening the effect of 
the interior. 

481. The Pttrenialia contains u description of the manner in which the walls of tlie old 
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cathedral were destroyed, and those of the present one raised ; which should be read by 
all those engaged in the practice of arcliitecture. 

482. Wren, having lived to see the completion of St. Paul’s, wa<:, as before stated, dis- 
placed from the office of surveyor of Crown buildings to make room for an incompetent 
pretender, named Benson. Pope, in the Duticiad^ has left a record of the job, in the lines — 

While Wren with sorrow to the grave duaoends, 

Gay diei unpenaioned with a hundred irieuds. 

Wren died at the age of 91 years, and was buried under the fabric, ** with vi^ords,” says 
Walpole, « that comprehended his merit and his fame." 

« LECTOR. SI MONUMENTDM KEQUIRIS CIRC UM SPICE.** 

483. It will be impossible, consistently with our space, to describe the works of Sir Chris- 
topher Wren. One upon which his fame is as justly founded as upon St. Paul’s itself, ii 
St. Stephen’s Church in Wallbrook, in which, on a plot of ground 80jfi. by 59^11., he 
has contrived a structure whose elegance is not surpassed by any one we know to liuve 
been raised under similar restrictions. The church in question is divided longitudinally 
into five aisles by four ranks of Corinthian columns standing on pedestals ; the jilaces of 
four columns near the centre being unoccupied ; the surrounding central columns form the 
angles of an octagon, 4.5 ft. diameter, on which arches are turned, and above which, by 
means pf pendentives, the circular base of a dome is formed, which is in the sliape of a seg- 
ment of a sphere, with a lantern thereon. The ceiling of the middle aisle from east to 
west is vaulted in groins. The rest of the ceiling is horizontal, 'flic interior of St. James’s, 
Westminster, is another beautiful example of the master, though recently underrated by 
an ignorant critic. 

484. One of the peculiarities remarkable about Wren's period is the investment of tlic 
form of the Gothic spire witli a clothing of Italian architecture, by which the modern 
stce])le was produced. If any example could reconcile us to .such a practice, it might 
be found in that of Bow Church, another of Wren’s works, which rises to the height 
of 1 97 ft. from the ground, the sides of the square from which it rises being 32 ft. 6 in. 
Tliere are in the leading proportions of this tower and spire, some exiraordin;iry examples 
tn relative heights as compared with widths sesquialterally, which would almost lead one 
to 8uppo.se that, in this respect, our architect was somewhat superstitious. 

485. In St. Dunstan in the Eaat, Wren attempted Gothic, and it is the least offensive 
of his productions in that style. It is an elegant composition, but wants the claim to ori- 
ginality. St. Nicholas, Newcastle, and the High Church, Edinburgh, are its prototypes. 

48f). The Monument of London is original, notwithstanding columns of this sort had 
been previously erected. Its total expense was 8856/., and it was commenced in 1671, 
completed in 1677. The height is 202 ft. ; hence it is loftier than any of the historical co- 
lumns of the ancients. The pedestal is about 21 ft. stjuare, standing on a plinth 6 ft. 
wider. The lower diameter of the column on the upper part of the base is 15 ft., and the 
shaft incloses a staircase of black marble, consisting of 345 steps. It was fluted after the 
work was carried up. The <|uantity of Portland stone whereof it is comi)osed is 28,196 
cubic feet. The Antonine column at Rome isl63.Land that of Trajan 132 ft. high. That 
erected by Arcadius at Constantinople, when perfect, was of the same height as that last 
mentioned. The structure of which we are speaking loses much by its situation, which 
has neither been improved nor deteriorated by the streets consequent on the rebuilding of 
J-ondon Bridge; and though it cannot compete with the Trajan column in point of in- 
trinsic beauty, it is, nevertheless, an exquisite and well-proportioned work, and seeims much 
better calculated with propriety to record the object of its erection, than the other is to be 
the monument of a hero. In these days, it is singular to see that no other mode than the 
erection of a column could be found to record the glorious actions of a Nelson. Such was 
the poverty of taste that marked the decisiou of the committee to whom that object was most 
improperly entrusted. 

487. Among tlie works of Wren not to be passed witliout notice is the Library of 

Trinity College, Cambridge. It is one of his finest productions, and one with which he 
himself was well sati.sfied. It consists of two orders ; a Doric arcade below, open to a 
basement supported by columns, which hasa flat ceiling, exceedingly convenient as an ambula- 
tory, and itself simple and well proportioned, llie principal story is decorated with three- 
quarter columns of the Ionic order, well proportioned. From their volutes, festoons are 
pendent, and the kev-stones of the windows are carved into cherubs’ heads, &c This ia 
the elevation towards NeviU’s Court ; that towards the garden has three Doric doors below 
but above is without columns or pilasters in the upper stories. Without ornament it 
is not the less graceful and imposing. 'Die interior, as a single room, is designed wiUi great 
grandeur and propriety. » • 

488. We cannet further in detail eontinue an account of the works of thb extra 
ordinary architect, but shall now proceed to submit a list of his principal works together 
with a catalogue of those of his principal churches whose estimates exceeded the mt of 
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ralace at Griieiiwidi, fur Charles II, 
Theatre at Oxford - - . 

The Wonuiuent - - . 

Temple Bar ... 

St. Baul’s Cathedral 
Library at 'I'rinity College, Cambridge 
Campanile at Christ Church, Oxford 
Ashmolean Library 
Palace at Winchester 


Begun. 

1668 
1671 
1670 
. 1675 
1679 
1681 
1682 
168.8 


Completed. 

1669 

1677 

1672 

1710 

1682 

Unfinished. 


College of J’hysicians 

. 

. 1689 




College at Chelsea * 

- 

- 1690 




Palace at Hampton Court > 


- - 1690 

1694 


Towers of Westminster Abbey 


- 1696 




Green wich Hospital 

- 

- 1698 

1703 


relies ; — 








Time of crertiuii 

Cost 


Allhallows the Great 

- 

- 1697 

5,641/. 

9s. 

9sl 

Allliallows, l^iumhard Street 


- 1694 

8,058 

1.) 

6 

St. Andrew Wardrobe 


- 1692 

7,060 

16 

11 

St. Andrew, Holborn 


- 1687 

9,000 

0 

0 

St. Antholin 


- 1682 

5,685 

5 

10 

St. Bride - - - 

- 

- 1 680 

1 1,4.80 

5 

11 

Christ Church, Newgate Street 


- 1687 

11,778 

9 

6 

St. Clement Dane’s 


- 1 680-82 

8,786 

17 

0 

St. Dionis Backcliiirch 


- 1674-84 

5,737 

10 

8 

St. Edmund tlie King 


. 1690 

5,207 

1 1 

0 

St. I.awrence Jewry 


- 1677 

11,870 

1 

9 

St. James, Garlick Hill 


- 168.8 

3,357 

10 

8 

St. James, Westminster 


- circa 1689 

8,500 

0 

0 

St. Micliael Koval - 


- 1694 

7,555 

7 

9 

St. Martin’s, Ludgate 


- 1684 

5,378 

9 

7 

St. Margaret, Lothbury 


• - 1690 

5,340 

8 

1 

St. Mary, Somerset 


- - 1695 

6,579 

18 

1 

St. Mary, Aldermaiibury - 


- - 1677 

5,237 

3 

6 

St. Mary le Bow 


- 1673 

8,071 

18 

1 

The steeple 


- 1680 

1,388 

8 

7 

St. Nicholas, Coleabbey 


. J677 

5,042 

6 

11 

St. Olave Jewry 


- 1673 

5^580 

4 

10 

St. Peter, Cornhill - 


* 1681 

5,647 

8 

2 

St. Swithin’s, Cannon Street 


- - 1679 

4,687 

4 

6 

St. IMagnus, London Bridge 


- - 1676 

9,579 

18 

10 


489. 'W'e must here close our account of Wren. Those of our readers who desire further 
infonnation on the life and works of this truly great man will do well to consult the 
Parentaliay or Memoirx of the Family of the WirenSt compiled by his son, and published by liis 
grandson Stephen Wren. Fol. Loud. 1750. 

450. Among the architects of Wren’s time, there was a triad of amateurs who would 
have done honour to any nation os professors of the art. The first of these was Henry 
Aldrich, 1). D., Dean of Christ Church, Oxford, who died in 1710. He was attached to the 
Venetian school, as we may see in the tliree sides of Peckwater quadrangle, and the garden 
front of Corpus Christ! College, a facade which for correct taste is not surpassed by any 
edifice in Oxford. 'I'he second of these amateurs was Dr. Clarke, one of the Lords of the 
Admiralty in the reign of Queen Anne. Tliis distinguished amateur sat for Oxford in 
fifteen sessions. Hie Library of Worcester College, to which lie bequeathed his valuable 
architectural collection of books and MSS., was from his design. He built the librarv at 
Christ Church, llie third was Sir James Burrough, Master of Caius College, Cambridge; 
by whom, in 1703, tlie chapel of Clare Hall in that University was licautifuliy designed 
and executed. 

491. W’e now approach the works of a man who, whatever some have thought of them, 
has a stronger claim on our notice as an inventor than any of his predecessors. It 
must be anticipated that we allude to Sir John Vanbrugh. Upon no ptlier artist has 
Walpole delivered criticisms more unworthy of himself, nor is there any one of whose 
genius lie had less capacity to appreciate the powers, llie singular mind of Vanbrugh 
was distracted by control : his buildings are the result of a combination of fonns and anti- 
cipation of effects, originating solely from hhnself; eflects wliich none before hod seen lor 
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ooiitaiiplatcd* As a wit, he was inferior to none that levelled its shafts at hitn, and hei^cc 
his novel compositions in archit<Hture became among the professed critics of the day'^so 
much the more an object of deridon, as, in their puny notions, his only assailable point. 
Attacked firom party ftieling, the public allowed itself to be biassed by epigrams and smart 
verses from the pens of Pope and Swift ; and when the former, in his fourth epistle, in allu- 
sion to Vanbrugh’s works, exclaims, — 

** Lo ! what huge heaps of littleness around, 

The whole a laboured quarry above ground,” — 

he little thought he was leaving to posterity a record of his consummate ignorance of art, 
and of his total LnsensibiUty to {^randeui, iti all that relates to composition in architecture. 

492. The opinion of Sir Joshua Reynolds first enlightened the public upon the thitherto 
condemned works of this extraordinary architect. ” I pretend,” says Reynolds, in his fifth 
discourse, “ to no skill in architecture. I judge now of the art merely as a painter. When 
I speak of Vanbrugh, I speak of him merely on our art. To speak, then, of Vanbrugh 
in the language of a painter, he had originality of invention, he understood light ana 
shadow, and had ^reat skill in composition. To support his principal object, he produced 
his second and third groups of masses ; he perfectly understood in his art what is most dif- 
ficult in ours, the conduct of the backgrounds by which the design and invention is (are) 
set off to the greatest advantage. What the background is in painting is the real ground 
upon which the building is erected ; and as no architect took greater care that his work 
should not appear crude and hard, — that is, that it did not abruptly start out of the ground, 
without expectation or preparation, — this is the tribute which a painter owes to an 
architect who composes like a painter.” 'The testimony of Mr. Payne Knight, a person of 
a taste highly refined and cultivated, in his Principles of Taste^ is another culogium on 
the works of this master. And again we have the concurrence therein of another able 
writer on these subjects, who, though frequently at variance in opinion witli Mr. Knight, 
thus expresses himself in his Essap on the Picturesque^ vol. ii. p. 21 1. ; ” Sir J. Reynolds 
is, I believe, the first who has done justice to the architecture of Vanbrugh, by showing it 
was not a mere fantastic style, without any other object than that of singularity, but that he 
worked on the principles of painting, and that he has produced the most painter-like effects. 
It is very probable that the ridicule thrown on Vanbrugh’s buildings, by some of the 
wrttieVt men of the age he lived in, may have in no slight degree prevented his excellencies 
from being attended to ; for what has been the subject of ridicule will seldom become the 
object of study or imitation. It appears to me, that at Blenheim, Vanbrugh conceived and 
executed a very bold and difficult design, that of uniting in one building the beauty and 
magnificence of the Grecian architecture, the picturesqueness of the Gothic, and the mas- 
sive grandeur of a castle ; and that, in spite of many faults, for which he was very justly 
reproached, he has formed, in a style truly his own, and a well-combined whole, a mansion 
worthy of a great prince and warrior. “ His first point appears to have been massiveness, 
IS the foundation of grandeur : then, to prevent the mass from being a lump, he has made 
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rarious bokl projection* of various height*, which seem as foregrounds to the main build- 
inff * and, lastly, U|iving been probably struck with a variety of outline against the sky in 
many Gothic and other ancient buildings, he has raised on the top of that part where the 
slanting roof begins in any house of the Italian style, a number of decorations of various 
iharacters. These, if not new in themselves, have, at least, been applied and combined 
by him in a new and peculiar manner, and the union of them gives a surprisin^plendour 
and magnificence, as well as variety, to the summit of that princely edifice. Tlie study, 
therefore, not the imitation, might be extremely serviceable to artist* of genius and dis- 

*'^ 4 *^*^*^ Vanbrugh’s principal work was Blenheim (whereof we give, in JIgi. 215. and 216.» 
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the plan and principal elevation), a monument of the victories of Marlborough raised by a 
grateful nation. Its length on the north front from one wing to the other is 348 ft. 4lie 
internal dimensions of the library are 130 by 32 ft. The hall is perhaps small compared 
with the apartments to which it leads, being only 53 ft. by 44, and 60 ft. high. 

494. The execution of his design for Castle Howard, in Yorkshire, was commenced in 
1702, and, with the exception of the west wing, was completed by him. The design po.s.sesse8 
much greater simplicity than that of Blenheim. There is a portico in the centre, and a 
cupola of considerable height and magnitude. The galleries, or wings, are flanked by 
pavilions. Tlie living apartments are small ; but for the comfort and convenience of the 
house, as an habitation, many improvements have been made since the time of Vanbrugh 

495. At Eostbury, in Dorsetshire, he built a spacious mansion for Mr. Doddington. 
Die front of it, with the offices, extended 370 ft. We regret to say that it was taken down 
by the first Earl Temple, about the middle of the last century. 

496. King’s Weston, near Bristol, erected for the Honourable Edward Southwell. A 
beautiful feature in the house is the grouping of the chimneys, in which practice no artist 
has surpassed, nor perhaps equalled, him. This house is not, however, a favourable spe- 
cimen of our architect’s powers. 

497. In the front which he executed to Grimsthorpe, in Lincolnshire, he indulged him- 
self in an imitation of Blenheim and Castle Howard. The hall here is of noble dimen- 
sions, being 110ft. in length, and 40 ft. in height, surmounted by a cupola. 

498. Charles Howard, the third Earl of Carlisle, Deputy Earl Marsh^ in 1 703, appointed 
Vanbrugh, Clarenceux king of arms, over the heads of all the heralds, who remonstrated, 
without effect, against the appointment. The cause of such an extraordinary promotion is 
supposed to have had its origin in the Earl’s satisfaction with the works at Castle Howard. 
It was, however, altogether unjustifiable, for Vanbrugh was, from all accounts, totally ig- 
norant of heraldry. He held the situations of surveyor of the works at Greenwich Hos- 
pital, comptroller general of the works, and surveyor of the gardens and waters. Though 
perhaps out of place in a history of architecture, we cannot resist the opportunity of men- 
tioning that our artist was a dramatist of genius. The Uelapse, Die Provoked Wife, 'Die 
Confederacy, and .£sop, according to Walpole, will outlast his edifices. He died at 
Whitehall, March 26. 1 726. Vanbrugh can hardly be said to have left a legitimate fol- 
lower ; he formed no school. Archer, indeed, attempted to follow him, and seems the only 
one of his time that could appreciate the merit of his master. But he was too fiir behind 
him to justify our pausing in the history of the progress of British architecture to say more 
than that bis best works are Heythrop, and a temple at Wrest. St, Philip’s Church at 
Birmingham is also by him. “ A chef d’oeuvre of his absurdity,” says Dallaway, “ was the 
church of St. John’s, Westminster, with four belfries,” a building which has not inaptly been 
likened to an elephant on his back, with his four legs sprawling in the air. 
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499. Tliough the example of Wren was highly beneilcial to his art, he does not seem to 
have been anxious to propagate his doctrines by precepts, for he had but one pupil wlio 
deserves a lengthened notice. 7'hat pupil was Nicholas Hawksmoor, wlio, at tlie age of 
eighteen, became the disciple of Sir Christopher, “ under whom,” says Walpole, “ during 
life, and on his own account after his master’s death, he was concerned in erecting many 
public edifices. Had he erected no other than the church of St. Mary Woolnoth, Lorn - 
bard Street, his name would have deserved with j^ratitude the remembrance of all lovers of 
the art, 'Hiis church has recently (on the opening of King William Street) been unfor- 
tunately disfigured on its southern side by some incompetent bungler on whom the jiatron • 
age of the churchwarden lucklessly fell. Such is the fate of our public buildings in this 
country, 'fhe skill displayed by Hawksmoor in the distribution and design of St. Mary 

Woolnoth is not more than 
rivalled by the best productions 
of his master and instructor. 
We here give, in.^g«. 217 . and 
2 1 8. , a hal i* section, elevation, and 
plan of it. It was commenced 
in 1716 , and finished in 1719 . 
Not until lately was it seen to 
advantage. Lombard Street, in 
which one side still stands, was 
narrow, and its northern eleva- 
tion, the only one till lately pro- 
perly seen, required, from its as* 
pect, the boldest form of detail to 
give it expression, because of its 
being constantly in shade, and 
therefore experiencing no play 
of light except such as is re- 

..If.. i Mj’fc fleeted. This is composed with 

F1JJ.S17, malt mjivatiok iiAur •KTION or ir. *IABV WOOIAOTH. scmicircular rusti- 

, - . 1 . , 1 , 1 niches, each standing on a 

lofty rusticated pedestal, relieved with blank recesses, which are repeated in the interval* 
b ^w between the nichea. The w hole rests on a basement, wliose openings, of course, 

wiiha blm-k coniice.''^^ 

’■ round the building, and the ceii- 

. , tral part of the northern front 

IS surmounted by a balustrade. We are not prepared to maintain that the whole of 
the details are in the purest taste; but the masses arc so extremely picturesque, and 
so adapted to tlie circumstances of the aspect and situation, that their faults arc forgotten 
Not so the interior, which needs no apolop. Jt is a combination of proportions, 
whose heauty cannot be surpassed in any similar example. The plan is nearly a square* 
whose north-west and soutii west angles are truncated at angles of forty-five degrees^ 
for the introduction^ of stairs. 'ITie leading lines are an inscribed square whose sides 
are equal to two thirds of the internal widtii, the remaining sixth on each side being 
assigned to the intercolumniations between the columns and the pilasters on the in- 
ternal walls. The columns, twelve in number, are placed within the sides of the inscribed 
siiuare, and at the angles are coupled at intervals of one diameter, llie order is Corinthian * 
the. columns are fluted, and crowned by an enriched entablature one quarter of their height! 
'Hie space thus enclosed by the columiw continues in a clerestory above, pierced on the 
four sides by semicircular windows, whose diameters are equal to one of the wide interco* 
lumniations below. ITie height of this, including its entablature, is one half that of the 
lower order ; thus, with its pedestal, making the total height of the central part of the 
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churcT’, equal to its extreme width. A sesquialteral proportion is thus obtained in Seettun 
«s well as plan, llic eastern end is recessed square for an altar piece* and arched with a 
irmicircular ceiling enriched with caissons. 'Fhc galleries are admirably contrived* and in 
n ) way interfere with the general effect, nor destroy the elegance and simplicity of the 
design. The ceilings throughout are horizontal* and planned in compartments, whose 
parts are enriched. As regards coastruction* there is a very unnecessary expenditure of 
materials* the ratio of the superficies to the points of support being 1:0*263. Hawksmooi* 
was not so happy in the church of St. George’s* Bloomsbury, in which he ha*, really made 
King George I. the head of the church by placing him on the top of the steeple* which we 
must, with Walpole, term a master-stroke of absurdity. But many parts of the building 
are highly deserving the attention of the student ; and if the commissioners for new churches 
in these days had been content with fewer churches constructed toHdly, like this, instead 
of many of the pasteboard monstrosities they have sanctioned, the country* instead of re- 
prcfting tliey ever existed, which will at no very remote period be the case, would have 
owed them a deep debt of gratitude. The only gratification we have on this point is, that 
a century, and even less, will close the existence of a large portion of them. Hawksmoor 
was deputy surveyor of Chelsea College and clerk of the works at Greenwich, and in that 
j)ost was continued by William* Anne, and George I.* at Kensington, Whitehall* and St. 
James’s. Under the la.st named he was first surveyor of all the new churches and of West- 
minster Abbey, from the death of Sir Christopher Wren. He was the architect of the 
cluirchcs of Clirist Church, Spitalfields, St. George, Middlesex, anil St Anne, Limehouse J 
rebuilt some part of All Souls, Oxford, particularly the new quadrangle completed in 1734, 
and was sole architect of the new quadrangle at Queen’s. At Blenlieim and Castle 
Howard he was associated with Vanbrugh, and at the last-named place was employed on 
the mausoleum. Among his private works was Easton Neston. in Nortliamptonshirc, and 
tlie restoration to perpendicularity, by means of some ingenious machinery, of the western 
front of Beverley Minster. He gave a design for the Iladcliffe Library at Oxford, and of 
a stately front for Brazenose. His death occurred on the 25th of March, 1736, at tlie 
age of seventy-five. 

500. Tliose acquainted with the condition of the country will be prepared to exjicet that 
the arts were not much patronised by George I. 'JThe works executed during his reign 
were ratiier the result of the momentum that had been imparted previous to his accession 
than of his care for them ; and it is a consolation that the examples left by Inigo Jones had 
an effect tliat has in this country never been entirely obliterated, though in the time of 
George HI., such was the result of fashionable patronage and misguided taste, that the 
Adamses had nearly consummated a revolution. That reign, however, involved this country 
in so many disasters that we are not surprised at such an episode. 

501 . After tlie death of Hawksmoor, succeeded to public patronage the favourite architect 
of a period extending from 1720 to his death in 1754, whose name was James Gibbs, a 
native of Aberdeen, where he first drew breath in 1683. Tliough he had no claims to the rank 
of exalted genius, he ought not to have been the object of the flippant criticism of Walpole, 
whose qualifications and Judgment were not of such an order as to make him more than a 
pleasant gossip. He cerraiiiiy had not sufheient discernment propeily to estimate the talent 
displayed in Gibbs’s works. Every critic knows how easily phrases may be turned and 
nntitlieses pointed against an artist whom he is determined to set at nought ; of which we 
have before had an instance in the case of Sir John Vanbrugh; and ue shall not here 
further dilate upon the practice. Weviill merely observe, that on the appearance of any 
work of art the majority of the contemporary artists are usually its best judges and that in 
ninety-nine cases out of a hundred the public afterwards sanction their decision ; and we 
will add, in the words of old Hooker, that **the most certaine token of evident goodnesse is, 
if the gGnerall perswasion of all men doe so account it;*’ and again, although wee know 
not the cause, yet this much wee may know, that some necessarie cause there is, whenso- 
ever the judgement of all mm generally or for the most part runne one and the same way.** 
We do not, therefore, think it useful in respect of an artist of any considerable talent to 
repeat a criticism more injurious to the writer than to him of whom it was written. 

502. The church of St Martin*s in the Fields is the most esteemed work of our archi- 
tect. It was finished in 1726, as appears from the inscription on the frieze, at the cost of 
33,01 71. 9«. 3c/. The length of it including the portico, is twice its width, one third where- 
of, westward, is occupied by the portico and vestibule. The portico is hexastyle, of the 
Corinthian order, and surmounted by a pediment in whose tympanum the royal anns are 
sculptured. The intercolumniations are of two diameters and a halt and the projection of 
the portico of two. Its sides are flanked by ant® in their junction with the main building, 
one diameter and a half distant from the receiving pilaster. The north and south eleva- 
tions ve in two stories, separated by a fascia, with rusticated windows in each. Between 
the windows the walls are decorated with pilasters of the same dimensions as the columns 
of the portico, four diameters apart; but at the east and west ends these elevations 
■re marked by insulated columns coupled with ants. The flanks are connected with the 
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|N«¥mltii)]; lines in tiie portico by columns plmced on the walls, recessed for the pur* 
jMise, end coupled with antie, whereby a play of light is produced, which imparts great 
MTeot to the other parts. The interior is divided into three unequal portions by a range 
n each side of four Corinthian columns, and two pilasters placed on pedestals, raised tc 
He height of tlie pewing. From their insmlated entablatures rises an elliptical ceiling, 
povering what may be called the nave. This ceiling is fohned by arcs doubleaux, be* 

C een which the vault is transversely pierced in the spaces above the intcrcolumniatinns 
semicircular arches springing from the top of the entablature of each column. Over 
wliat may be catled the aisles, n'om the entablatures of the columns, scmi>circular arches 
are turned and received northward and southward on consoles attached to the walls, and 
by their junction with the longitudinal arches from column to column pendent! ves are 
evolved, and thereby are generated small flat domes over the galleries. The altar is 
recessed from the nave in a large niche formed by two quadrants of circles, whose radius 
is less tlian one fourth of the whole width of the niche. It is vaulted semi>elliptically. 
<>alleries are introduced on the north, south, and west sides of the ehurch. On the two 
former sides they extend from the walls to the columns, against which the continuity of 
their mouldings is broken. The interior is highly decorated, perhaps a little too theatri- 
cally for the sombre habits of this country ; but its effect is, on the whole, extremely light 
and beautiful. 'Fhe tower and spire are, as in all the English churches of the Italian style, 
a sad blemish ; but the taste of the day compelled their use, and we regret that the clergy 
still persist in considering them requisites. The length from the front upper step to the 
east wall (inclusive) is 159 ft. 6 in., and the breadth from north to south 79 ft. 4 in. 'Die 
total area of the church is 12,669 ft., whereof the points of support occupy 2803 ft. I1ie 
ratio, therefore, of the former to the latter is a 1 : 0*220, from which we may infer that the 
edifice exhibits no very extraordinary constructive skill. The span of the roof {Jig. 696.), 
which is of the common king-post form, is 38 ft. Gibbs, unlike Wren, docs not appear to 
have been guided in his leading proportions of this work by a scries of ratios. The only 
point in which we perceive an approximation to such a system is in the length from the 
plinths of the columns of the portico, being just double the width of the church measured at 
Ihe same level. The portico is well designed, and hitherto has not been equalled in London. 

503. In the church of St. Mary le Strand, Gibbs was not so successful. There is no 
portion of its S])ace on which the eye rests with pleasure. It is cut up into littlenesses, 
which, though not individually offensive, destroy all repose or notion of mass in the fabric. 
He built the new church at Derby, and executed some works at King’s College, Cam- 
bridge, which last were not calculated to raise his reputation v but in the senate house of 
that university, he was more successful. In the lladcliffe Library at Oxford, his fame was 
maintained. It was completed in 1747, and thereon he was complimented with the degree 
of Master of Arts. This library is on the plan circular in general form, and rises in the 
centre of an oblong square, 370 ft. long, by 110 in width. Its cupola is UX)ft. in dia- 
meter, and 140 ft. high. It possesses no features of striking beauty, and yet is a most 
valuable addition to the distant view of Oxford, from whatever point of view it is seen. 
The interior is pleasing, and the disposition good. The books are arranged in two circular 
galleries, round a large central area. A description of this celebrated building was pub- 
lished with plans and sections, fol. 1747. Gibbs was the arcliitect also of St. Bartholo- 
mew’s Hospital. In 1728, he published a large folio volume of designs, including several 
of his works. 
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604. Some works of considerable importance were erected during ilie reign of George I., 
by a countryman of tbe last-named architect* Colin Campbdl* who is, however, more 
esteemed for three volumes he published of the principal buildings in England, under the 
name of the VitruviuM Britannicm. Of this work Ix>rd Burlington was the original proi^ 
jector and patron. Afterwards, in 1767 and 1771, it was continued in two volumes, under 
the superintendence of Wolfe and Gandon, two architects of conuderable repu^w 
Campbell’s talents were not of a very high order, though Mereworth, in Kent* an imitation 
of the Villa Capra, built for Mildmay Earl of Westmorland, and Wai^d House, in 
Essex, built in 1715, and pulled down in 1815, the latter especially, entitle ^im to be com 
sidered an artist of merit. Foreigners, whilst this last was in existence, always preferred 
it to any other of the great mansions of the country. Gilpin says of it, “ Of all great 
houses, it best answers the united purposes of grandeur and convenience. The plan ii 
simple and magnificent, llie front extends 260 ft. A hall and saloon occupy the body of 
the house, forming the centre of each front. From these run two sets of chambers. No* 
thing can exceed their convenience. They communicate in one grand suite, and yet each, 
by tlie addition of a back stair, becomes a separate apartment. It is difiicult to say whe- 
ther we arc better pleased with the grandeur and elegance without, or with the Mmplicity 
and contrivance within. Dimensions: Great hall, 51 ft. by 36 ball room, 75 by 27 ; 
saloon, 30 ft. square.” As the building no longer exists, wc give, in Jig»» 219. and 220., t 
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ground plan and elevation of it. The towers at the angles were never executed. Campbell 
was surveyor of the works of Greenwich HtMpital, and died in 1734. 

505. llic church at Greenwich, and a very large mansion at Blackheath for Sir Gregory 
Page, ill the latter whereof mucii is said to liavo been borrowed from Houghton, but which 
has many years since disappeared, were, about 1718, erected by John James, of whom very 
little more is known than these Avorks, and, in London, the churches of St. George, Hanovci 
Sfjuarc, and St. Luke’s, Middlesex, the latter whereof has a fluted obelisk for a steeple 
We ought, besides, to mention that he is generally stated to have been employed by the 
Duke of Chandos, at Canons, in Middlesex, anotlier building no longer in existence, and 
showing the frail tenure upon which an architect’s reputation and fame is held. At the 
latter place, however, it may be questioned whether the remark strictly applies, inasmuch an 
the architect, whoever he may have been, appears to have set taste and expense equally n1 
defiance. 
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506. We do not altogether agree with Walpole in the observation that architecture 
resumed all her rights during this reign, though tliere is no doubt that the splen^ (fbr the 
tirne) publications of Palladio, Jones, and examples of tlie antique recanedSf^ taste of 
artists and their patrons the public. Men of genius were doubtless found to ifkpport the 
high-minded patrons to encourage them in their labours, 
liefore, ohsorves Walpole, “the glorious close of a reign t^t carried our arms and 
victories beyond where lioman eagles ever flew, ardour for the arts had led our travellers 
to ^lore whatever beauties of Grec^ or Latin skill still subsisted in provinces once 
8UD|Mted to Rotne* and the fine additions, in consequence of those researches have esta- 
Dit^ed the throne of architecture in Britain while itself languiihes in Rome.** 

V .Atnong the earliest of the architects of this reign was Thomas Ripley, a native of 
Yorkshire, at whom Pope sneers in the lines — ^ . 
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MTk» buIWi a brtdge that never drove • jdle ? 

(Should nipley venture, Ul the world would imlle.” 

imiV. Horace^ hp II. S 180. 

Riploy, it must be confessed, failed at the Admiralty, which was afterwards veiled by Mr. 
Adam's beautiful skreen since cruelly “cheated of its feir proportions” by the late architect 
to that Board, in order to make two coach entrances, which might, with the exercise of a 
little ingenuity, have been managed without defacing the design. It is dilKcult, now, to 
decide the exact share that Hiplcy had in the house for Lord Orford, at Houghton, fur 
which Campbell appears to have furnished the original design. Walpole, wliom we may 
presume to have known something about the matter, says they were much improved by 
Ripley. He published them in two volumes, folio, 1755 — 60. It is to be regretted that 
scarcely a single line of Pope, in matters of taste relative to the artists of his day, is of the 
smallest worth, so much did uarty and politics direct the shafts of the poet's malice. The 
plain truth is, that Ktpiey was the rival of Kent, the favourite of Lord Burlington, whose 
patronage it was absolutely necessary to enjoy before he could ensure the smiles of Pope. 
Ripley was comptridler of the Hoard of Works, and died in 1 758. ' 

508. Henry Herbert, Earl of Pembroke, an amateur of this reign, cannot pass unnoticed 
in the History of its Architecture. He much improved Wilton, where he built the Pal- 
ladian Bridge; and it is highly honourable to his memory that, owing to his exertions, the 
qualifications of I.Abelye for building Westminster Bridge were acknowledged in opposition 
to Hawksmoor and Batty Langley, the latter of whom was an ignorant pretender. Of 
this bridge Earl Henry laid the first stone in 1739, and the last in 1747. His works 
besides those at Wilton, were, the new lodge in Richmond Park, the Countess of Sufl'olk's 
house at Marble iiill, Twickenham, and the Water House at Lord Orford’s Park at 
Houghton. He died in 1751. 

509. Before advancing our history another step, we have to notice another noble- 
man, whom to enrol among the number of lier artists is an honour to England ; and in 
speaking of Richard Boyle, the third Earl of Burlington and fourth Earl of Ossory, 
we so entirely agree in Walpole's eulogy of him, that we shall not apologise for tran- 
scribing it from that author's pages : — “ Never was protection and great wealth more 
generously and judiciously diffused than by this great person, who had every quality of a 
genius and an artist, except envy. Though his own designs were more chaste and classic 
than Kent’s, he entertained him in his house till his 4ipth, and was more studious to extend 
his friend’s fame than his own.” Again, he continues, “ Nor was his munificence confined 
to himself and his own houses and gardens. He spent great sums in contributing to 
public works, and was known to chuse that the expense should fall on himself, rather than 
that his country should be deprived of some beautiful edifices. His enthusiasm for the 
works of Inigo Jones was so active that he repaired the church of Covent Garden, because 
it was the pr^uction of that great master, and purchased a gateway at Beaufort Gardens, 
in Chelsea, and transported the identical stones to Chiswick with religious attachment. 
With the same zeal for pure architecture, he assisted Kent in publishing the designs for 
Whitehall, and gave a beautiful edition of the ‘ Antique Baths, from the Drawings of 
I’alladio,' whose papers he procured with great cost. Besides his works on his own estate, 
at Lonsborough, in Yorkshir/e, he new-fronted his house in Piccadilly, built by his father, 
and added the great colonnade within the court.” This liberal-minded nobleman gave the 
credit of this design to Kent, though, as Kent did not return from Italy before 1729, it it 
certain that architect could have had little to do with it. His villa at Chiswick, now that 
of the Duke of Devonshire, was an original design, and not, as is generally supposed, an 
imitation of Palladio’s Villa Capra at Vicenza. It was, howe\cr, too much in the Italian 
taste to lie suitable to an English climate or to English comforts ; hence its great external 
beauty extracted from Lord Chesterfield the well-known verses — 

*' Possessed of one great house of state. 

Without one room to sleep or eat, 

How well you build let flatt’ry tell. 

And all mankind how 111 you dwell.** 

I^rd Hervey also sported his little wit upon this little bijou, which its subsequent 
additions have not much improved, saying “ that it was too small to inhabit, and too large 
to bang one’s watch in.” ^ 

510. The dormitory of Westminster School, ruined by a late dean, and the Assembly 
Rooms ht York, are beautiful examples of the great powers of Lord Burlington ; but the 
house for Lord Harrington at Petersham, the Duke of Richmond’s at Whitehall (pulled 
down), and General Wade's house in Great Burlington Street were not well planned the 
latter especially, on which it was said by I.ord Chesterfield, on account of lU beautiful 
fiuint, that the general could not live in it to his ease, he had better take a house ovei 
against it, and look at it." The Earl of Burlington was born jn 1 695, and died in 1 753 

511. William Kent, a native of Yorkshire, where he was born in 1685, if be did not ad* 
untie the art, was at least far from retarding or checking any progress it seemed likely 
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to make. Kent vtmh a painter as well as an architect, though as the former very inferior to 
the latter ; and to these acconiplishmenis must he added those of a gardener, for he was 
the father of modern picturesque gardening. Kent’s greatest, and, out of many, also his 
iK^t work, was Hoik ham, in Norfolk, for the Earl of Leicester. The designs were pub. 
lished in 1761, by Matthew Brettingham, who had been engaged on the building, 
apparently ns resident architect, as explained in the edition of 1773. The noble liall of 
tills building, terminated liy a vast flight of steps, produces an effect unequalled by any- 
thing similar to it in England. During, and, indeed, previous to, Kent’s coming so much 
into eniplo>inent, a great passion seems to ha\e existed with the architects for ill shaped, 
and, perhaps, almost grotesque, urns and glolies, on every part where there was a resting* 
)»lace for them. Kent not unfiequently disfigured his works in this way, but more 
especially so at the lieginning of his career. Tlie pile of building in Margaret Street 
(part of’ which has fieen removed for additions to the new parliament houses), now con- 
taining the law courts, a house at Esher for Mr. Pelham, the Horse Guards, and other 
buildings, which it is needless here to particularise, were erected under the designs of Kent, 
upon whom unbounded liberality and patronage were bestowed by Lord Burlington during 
the life of this artist, which terminated m 1748. 

512. About 1733 appeared, we l)etieve, the last of the stone churches with steeples, 
wliich the practice of Wren had made common in this country ; this was the church of 
St. Giles’s in the Fields, erected by Henry Flitcroft. The interior is decorated with Ionic 
columns resting on stone piers. The exterior has a rusticated basement, the windows 
of the galleries have semicircular heads, and the whole is surmounted by a modillion 
cornice. Tlie steeple *8 165 feet high, consisting of a square tower, the upper part deco- 
rated with Doric pilasters ; above, it is formed into an octagon on the plan, ilho sides being 
ornamented with three quarter Ionic columns supporting a balustrade and vases. Above 
this rises an octangular spire. Besides this, Flitcroft erected the churcli of St. Olave, 
Southwark, and the almost entire rebuilding of Woburn Abbey was from tlie designs and 
superintendence of that master, who died in 1769. 

513. During the »‘eign under our consideration, the city of Bath may be said to have 
slmost arisen from the designs of WocmI, who built Prior Park for Mr. Allen, tlie friend ol 
Pope, and Biickland was erected by him for Sir John 'Dirockmorton. Wood died in 1754, 
To him and to his scholars Bath is indebted for the designs of Queen Scpiare, the Parades, 
the Circus, the C’resoent, tlie New Assembly Room, &c. The buildings of this city possess 
various degrees of merit, but nothing so extraordinary as to call for more than the mere 
notice of them. We are by no means, for instance, disposed to agree with Mitford, who 
reckons the crescent of Bath among “ the finest modern builuings at this day existing in 
the world I ” 
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514. 'Diough the works of the architects about to follow, belong partially to the 
preceding reign, they are only properly to be noticed under that of George 111. Without 
a lengthened account of them, we commence with the mention of the name of Carr of York, 
who was much employed in the northern counties, where he built several noble residences, 
particularly that for Mr. Lascelles, afterwards Lord Harewood, and a mausoleum in York- 
shire for the late Marquis of Rockingham. Paine was engaged at Worksop Manor, War* 
dour Castle, and ’rhorndon ; and lliorne, whose county sessions- house and prison at 
Warwick exhibit considerable genius, was a promising artist, prematurely cut olF. His 
talent was not confined to the Italian style, as may be learnt from reference to the church 
at Tetbury in Gloucestershire, and a triangular tower in the Duke of Norfolk’s park at 
Arundel. 

515. At an early part of the reign of George III., atthitecture was cultivated and prac- 
tised here with great success by Robert Taylor, afterwards knighted. His best compositions 

•Jwere designed with a breadth and intimate knowledge of the art, that prove him to have 
been abundantly acquainted with its principles, lliat he was not always successful, the 
Wings of the Bank, now removed, were a proof. Of his works sufficient would remain to 
corroborate our opinion, if only what is now the Pelican Office in l.ombard Street existed. 
We believe it was originally built for Sir Charles Asgill, and ruined by the directors of the 
Pelican when they took to the place. There are, however, also to attest the ability of Sir 
Robert Taylor, Sir Charles Asgill’s villa at Richmond, and his own house in Spring Gardens. 
After his visit to Italy he commenced his practice in sculpture, in which branch of the arts 
he has left tnomiments in Westminster Abbey and elsewhere; but he afterwards devoted 
himtielf td architecture alone. Among his works were a dwelling house for Sir P. I’ajlorj 

Q 
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tienr Port»Qown Hill, a hou!>ic 'in Piccadilly for the Duke of Grafton, a mansion in Herts for 
fwioi'd Howe; Stone Buildings, Liucoln’s Inn; Ely House, Dover Street, a very clever 
eomposition ; Sir John Boyd’s at Danson, near Shooter’s Hill; the beautiful bridge at 
Henley on Hiames and Lord Grimstone’s at Gorhamlniry. He had for some time a ^t 
at the Board of Works, was surveyor to the Admiralty, the Bank, and other public bodies. 
His reputation was unbounded, and met with reward from the public. Sir Robert Taylor 
died in 1788 at the age of seventy-four. 

516. Cotemporary with the last-named artist, was one to whom the nation is indebted foi 
first bringing it to an intimate acquaintance with the works of Greece, to which he first led 
the way. The reader will, of course, anticipate us in thetmmeof James Stuart, who began 
Ids career as a painter. After some time passed in Greece, he, in conjunction with Nicholas 
Revett, about the year 1762, published the well-known Antiquities of /I thens, from w hich 
he acquired the soubriquet of Athenian, Tlie public taste was purified by a corrected 
knowledge of the buildings of Greece, especially in res])ect of the form, composition, an/1 
arrangement of ornament ; but we doubt whether mischief was not for a time induced by 
it, from the absurd attempt, afterwards, to adapt, without discrimination, the i)urc Greek 
porticoes of the temples of Greece to public and private buildings in this country, often 
with buildings with which they have no more natural relation than the interior arrange- 
ment of a church has with that of a theatre. The architects of our own time seem, however, 
at last to be aware of the impossibility of ap])lying with success the forms of (irecian temples 
to English habitations ; and a better system has been returned to, that of applying to every 
object a character suitable to the purposes of its destination. We consider Stuart’s best 
w'ork the house, in St. .lames’s Scpiare, which he built for Lord Anson. Among other 
works, he executed Belvedere, in Kent, for Lord Eardley ; a house for Mrs. Montague, in 
I'ortman S<|uare : the chapel and infirmary of Greenwich Hospital ; and some parts of the 
interior of liord Spencer’s house, in St. James’s Place. Stuart (lied in 1788, at the age oi 
seventy-five. 1 1 is collaborateur^ Revett, shared w'ith him a portion of the patronage of the 
public. He survived him till 1804, when he died at the advanced age of eighty-two years. 
He was employed on the eastern and western porticoes of Lord l)e Spencer’s house at 
VV'est Wyconibe, and on some temples. For Sir Lionel Hyde he built the church of Ayot 
St. Lawrence, Herts, the front whereto is a Doric portico crowned with a low Greciaif 
pediment, and on each side an Ionic colonnade connects the centre with an elegant 
cenotaph. He also built a portico to the eastern front of Slairdlinch, in Wiltshire, for 
Mr. Dawkins. 

517. The chasteness .and purity which the two last-named architects had, with some 
r.ucceas, endeavoured to introduce into the buildings of England, and in whicli their zeal 
had enlisted many artists, had to contend against the opposite and vicious taste of Robert 
Adam, a fashionable architect, who^'C eye had been mined by the corruptions of the 
worst period of Roman ait. It can be scarcely believed, the ornaments of Diocletian’s 
palace at Spalntro should have loaded our dwellings contemporaneously with the use among 
the more refined few of the exquisite exemplars of Greece, and even of Rome, in its bi tter 
days. et such is the fact; the depraved compositions of Adam were not only tolerated, 
but had their admirers. It is not to be supposed that the works of a man who was content 
to draw his supplies from so vitiated a source will here require a lengthened notice. Yet had 
he his happy moments ; and that we may do him strict justice, we not only mention, hut 
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present to the reader, \n ftps. 221. and 222., the ground plan and elevation of Kedlestone, iu 
Derbyshire, which he erected for Lord Scarsdale. 'I'he detail of this is, indeed, not 
exactly what it ought to have been ; but the whole is magnificently conceived, and worthy 
of any master. Adam died at the age of ninety-four, in 1792 ; and, besides the Adelphi^ 
in the Strand, which he erected on speculation, he was engaged at Luton Park, in Bedford- 
shire, for the Earl of Bute ; at Caenwood, near Hampstead, for Lord Mansfield ; at Shel- 
burne House, in Berkeley Stjuare, now Lord Lansdowne's, well planned, but ill designed, 
a meagre affair ; the disgraceful gateway at Sion, near Brentford ; and on part of the 
Register Office at Edinburgh. None, however, would now do credit to a mere tyro in the 
irt except the first named 
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518. Previous to the accession of George III. it had been considered by his tutors 
necessary to complete his education by the study requisite to give him some acquaintance 
with the art. We venerate the memory of that monarch as an honest good man, but are 
compelled to say that the experiment of inoculating him with a taste for it was unsuccess- 
ful, for during his reign all the bizareries introduced by Adam received no check, and 
seeing that Adam and Bute were both from the north, we arc rather surprised that his 
education was not in this respect committed to the former instead of Sir William Chambers, 
whom, as one of the first architects of the day, it is incumbent upon us now to introduce. 
We believe that whatever was done to forward the arts owes a large portion of its effect 
to that celebrated mai>l^nd it is probable, with the worthy motives that actuated the 
monarch, and the direcfl^H||£ his taste by that individual, much more would have been 
accomplished, but for thn^B^and disastrous wars which occurred during his reign, and 
the load of debt with whicl^^Bcame burthened. Ibe works of Chambers are found in 
almost every port of £nglan|PBM even extended to Ireland ; but we intend here chiefly to 
restrict ourselves to a short ajcount of Somerset House, his largest work, in which, though 
there be many faults so well did he understand his art, that it is a matter of no ordinary 
ditliculty, and indeed retiuires hypercriticism, to find anything offensive to good taste in the 
detail. 

519. This work was commenced in 1776, and stands on an area of 500 ft. in depth, and 
800 ft. in width. ITie general interior distribution consists of a quadrangular court, 
349 ft. in length, and 210 ft. in width, with a street or wide way running from north to 
south, on its eastern and western sides. Tlie general termination towards the river is a 
terrace, 50 ft wide, whose level is 50 ft, above that of the river, and this occupies the whole 
length of the facade in that direction, llie front towards the Strand is only 1 35 ft. long. 
It is composed with a rustic Imsement, supporting ten Corinthian columns on pedestals, 
cri>wned by an attic, extending over the, three central intercolumniations, flanked by a 
balustrade on each side, llte order embraces two stories. Nine large arches are as.signed 
to the basement, whereof the three central ones are oj>en for the purpose of aflF<)rding an 
entrance to the great court. On each side of them, these arches are occupied by win- 

of the Doric order, decorated with pilasters, entablatures, and pediments. The key 
stones are carved in alto-relievo, with nine colossal masks, representing the ocean, and the 
eight principal rivers of Great Britain. The three open arches of entrance before men- 
tioned lead to a vestibule, which connects the Strand with the large quadrangular court, 
and serves also as the access to those parts of the building, till lately occupied by tho Royal 
Academy, (1836). and on the eastern side (lately to the Royal Society and) to the Society 
ot Antiquaries, the entrances thereto are within the vestibule. This is decorated with 
columns of the Doric order, whose entablature supports a vaulted ceiling. We insert a 
reduced woodcut (^g, 223) of Malton’s view of this ** magnificent Doric arcade leading to 
the great court, wliich conveys to the spectator a more ample idea than words can possibly 
furnish, of this piece of grand and picturesque scenery.” The front of this pile of 
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biultllng towards Jie quadrangle, is 200 ft. in extent, being much more than the lenp^h of 
thft towards tl»e Strand ; the style, however, of its decoration is correspondent with it, the 
principal variation being in tiie use of pilasters instead of columns, and in the doors and 
windows. The front next the Thames is ornamented in a similar manner to that already 
described. It was originally intended that the extent of the terrace should have been 
1,100 ft This hist is supported by a lofty arcade, decorated towards tlie ends with coupled 
Tuscan columns, whose cornice is continued along the whole terrace. The edifice was at 
the time the subject of much severe criticism, and particulaidy from the pen of a silly en< 
graver of the name of Williams, under the name of Antony Pasquin ; but the censures lie 
passed on it, the author being as innocent of the slightest knowledge of the art as most of 
the writing architectural critics of the present day, were without foundation, and have long 
since been forgotten. At the time, however, they received a judicious reply from tlie pen 

of the late Mr. John 
B. Papworth, which 
deservedly found a 
place in our edition 
of the work by Sir 
W. Chambers, yet to 
he noticed. 

520. Malton, in 
his London and fVest- 
minhter^ fol. 17.92-7, 
gives several care- 
fully drawn views of 
this noble edifice, 
the design of which 
he describes as be- 
ing at that time 
(1796), “far from 
complete, and little 
progress has been 
made in the build- 
ing since the com- 
mencement of the 
present war ; the 
exigencies of go- 
vernment having di- 
verted to other uses 
the sum of 25,CK'0/. 
which for several 
years had been an- 
nually voted for its 
coininuance.” Since 
that period the river 

front.ige has been completed at the east end, by the additions in 18.31, under Sii R. Smirke, 
for King’s College : wliile new offices were skilfully added on the western side, during 
tlie years 1852-56, by James Pennethorne. 

521. In the ytar 1759, Sir W. Ciiambers published a T/entise on the Decorative Part oj 
Civil Architectui e, in folio ; a second edition appeared in 1768 ; and a tliiid, with some ad- 
ditional plates, in 179^ Two others have since been published, in 1825 This work, as 
far as it goes, still continues to l>e a sort of text-book for the student ; and much of it has 
been adopted for that poition of this volume- entitled “ Piactice of Architecture ” Cham- 
bers held the office of surveyor-general in the Board of Works, and to him much is 
owing for the assistance he rendeted in establishing the Royal Academy of Aits, in 1768, 
to which institution he w'as tieasurer. He died in 1796. He had many pupils, seveial qf 
whom we shall name. 

522. Robert Mylne, the descendant of a race of master masons and architects in Scot- 
land, designed Blackfriars Bridge, having been the successful competitor, a preference*>te.« 
obtained wliile yet unknown and abroad. It was built between the years 1760 and 1768, 
at an expense of 152,840/. , a sum which was said to be somewhat less than ids estimate. 
He was voted an annual salary of 3001 and a percentage on the money laid out ; but to 
obtain his commission of 5 per cent he had a long struggle with the city authorities, his 
claims not being allowed until 1776. This bridge was pulled down in 1865. At the time 
when the designs were under consideration, a long controversy arose on the questions of the 
.taste exhibited, and safety in employing elliptic, in place of semicircular, arches, which had 
been up to that time used in England for bridges. He was surveyor to the dean and chapter 
of St Paul’s, London, and is said to have placed in that building, over the entrance to the 
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choir, the memorial tablet with the celcl)rated inscription {par. 482) to the memory of Wren, 
lately removed.- He was appointed, in 1762, engineer to the New River Company; and dying 
ill IS 11, WAS buried in the crypt of the cathedral, near to the grave of Sir C, Wren. 

523, George Dance, lieing nominated, in 1733, by the corporation of the city of London, 
to the office of clerk of the City Works, and appointed thereto in December 1735, de- 
signed St. Luke’s Church, Old-Street; St. Leonard’s Church, Shoreditch, a bold example 
of the Doric order; and the Mansion House, or official residence of the Lord Mayor for 
the time being, during the years 1739-53, at a cost of about 42,C39i This edifice has 
received many alterations, including the removal of the lofty attics in front and rear, wliich 
has tended much to deprive the structure of a large share of dignity. Its confined and low 
situation gives the building an appearance of heaviness ; it would be free from this, if placed 
on an elevated spot, or in an area proportionate to its magnitude. It is substantially built 
of Portland stone, the material used in most of the erections of this piriod. Tile finely 
designed sculpture in the pediment, above the six columns of the Corintliian order, was well 
executed by Mr., afterwards Sir lloliert, Taylor. Many otlier buildings in and about the 
city are attributed to Dance, who died in 1768, and was succeeded in office by his son 
George Dance, another of the first four architect members of the Royal Academy He 
designed Newgate prison, with tlie Sessions House, &c. It was campletcd in 1778, at a 
cost of upwards of 130,000/. ; besides being subsequently repaired undeAiis directions, 



after the riots of 1780, when it suffered greatly from fire. This edifice 224.) has 
become a cliief example of the tlieory of the oh.servation to “ apply to every object a cha- 
racter suitable to the purposes of its de.stinatioii” {pwje 224.). The walls, which are con- 
structed of Portland stone, without apertures, or any other ornaments than rough rustic 
work and niches, are 50 ft in height. The principal front is 300 ft. in length Dance 
al.so designed St. Liike’.s Hospital for Lunatie.s, Old Street, built in the year.s 1782-1784, 
at a co.st of al)out 40,000/. It is of brick, witli a few plain stone dressings, three stories iil 
lieight; the .spaces between the centre and end.s are fbnned into long galleries— for the 
fymales on tlie western side, for tlie males on the eastern. The simple grandeur of the de- 
sign of the fa 9 ade, the length of which is 493 ft., produces a very agreeable efiect of 
propriety upon the rnind. He rearranged the .south front of Guildhall in a style of archi- 
tecture neither Gothic nor Grecian, the capabilities of which his pupil, John, afterwards 
Sir John, Soane, largely availed himself in after life. Ik* also designed the elegant council 
chamber attacked; together with many country residences for the wealth^ citizens .and 
others ; and dying in 1825, was buried in the crypt of St. Paul’s. Upon the resignation by 
him of Ins city appointment in 1816, he was succeeded therein by his other pnpil, W^illiam 
Mountague, 


Hemy Holland, in 1763, designed Claremont House, near Esher, for Lord Clive; 
formed, 1788-90, Carlton House into a palace for the Prince of Wales, afterwards George 
IV.; designed, in 1791, Drury Lane Theatre; the facade of the Ea.st India House, 
Leadenhall Street; the original ‘ Pavilion * M Brighton, about 1800; improvements at 
w«»biirii Abbey for tlie Duke of Bedford; and 1786, the vestibule, with its charming 
pwtjcointhe Grecian style, to Melbourne, now Dover House, Whitehall, for the Duke of 
lork. The fig. 225 is from Mahon’s work already mentioned, and is given not only for the 
intrinsic merit of the design, hut because little else now remains, with Claremont, to demon- 
strate the talents of tliis fashionable architect of his day. He was the chief introducer of 
the so-called Greco-Roman style. Holland died in 1806. 

architects should be mentioned Isaac Ware, “of His Majesty’s Board ot 
vnirks, who published, besides other work.s, a CompUte. Doily of ArchiUcUre, folio, 1756. 

^ J Ills volume, rdating to Italian design only, contains much suund information, and is more 
W. Cliambera’s publication, but it is not treiiied so artistically. He de- 
t ic sTiuf ^*7 J''®"'- Ilevelcy, a pupil of Chanilter^ follotred 

V .lorn He was the edit(.r of tlie third 

eh .Th . 1*6 .1 and died prematurely in 1799. He built the new 

however “"d ofTered^me beautiful designs for the new baths at Batli, which, 

dLrimZ^."" ' ®"n""“'anativeof Rome, an associate of the Royal Acs. 

1, T** composed chiefly in the Grecian style, designed the 

gallery at Townley Hall, Luicasl.im, for tbs coUectioo now in the British Wuseui^ 1790,. 
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, «n»ll churol. at Packington.Wararickslure. wljdly vaulted 

Kent; th? mausoleum in BUckling Park, Norfolk, to the memory o , 

Uuckingham; Longford Hall, Shropshire, ext. ibitmg perhaps the 

portico projecting sufficiently to ad.uit carnages , auaitious 

IMuns were subsequently 

Fig. 225. MJCLBouitNK, NOW HovKii UOU8K, wiiiTKiiALL. iiiadu for tt large sunk 

'circular court at each end, from one of which a subterraneous passage led to the sea. The 
name of Bonomi appears in the best novels of his period as the architect consulted in 
matters concerning a country residence. He died in 1808. 


MlCLBOUltNK, NOW HOVKlt UOVBR, WIIITKIIALL. 


IS passaj^o icu lu Bcca. » iiv 

as the architect consulted in 
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526. Of this period also are the works of James Gandon, a pupil of Sir W, Chambera. 
His name was first brought before tlic public, by the publication with John Wolfe of a con- 
tinuation of Campbell’s Fitruvius Britannkun^ 2 vols. fol. 1767 and 1771. The design, by 
him, for the county-hall and iirison at Nottingham, is contained therein. He carried off 
the first gold medal given for architecture by the Royal Academy, its foundation in 1768 
In 1769 he obtained the third premium for a design for the Royal Exchange in Dublin; 
and in 1776 one of the premiums for the new Bethlehem Hospital, London ,^both in com- 
poddon. At the mstance of Lord Carlow, afterwards Lord Portarlington, he made plans fiir 
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the new docks, stores, and Custom-House, at Dublin, and proceed(>d there in 1 781 to carry out 
the works. This building was not completed until 1791; it has a front of 375 ft. in length, 
extending along the quay of the river Liffey, and is 209 ft. in depth. Standing in a Hue 
open placet its admirable desi ^n and good execution cause it to rank as equal to othei 
works of a like nature, and to be esteemed as a noble pile that would do credit to any cit}i 
in the world He was well assisted in the decorati\e works by a young sculptor named 
Edward Smith The great difficulties he experienced during its erection, both from the 
nature of the soil, as well as from the workpeople, is well described in the memoir of him 
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prepared by his son, and published by the late T. J. Mulvany, in 1846. To the Houses of 
Parliament in Dublin he added the side or east portico, with an entrance for the Lords, who 
agreed to Gandon’s desire to have Corinthian columns to this portico, the additional propor> 
tion in height of which was to make up for the great fall in the ground from the front, where 
the Ionic is used. This portico entrance he joined with the front by a circular wall without 
columns, so that the two orders should not clash ; the present three-quarter Ionic columns 
to this circular wall on the one side, and those to the archway on the other side, are the 
additions by a later hand when the building was adapted for the Bank of Ireland, which 
has possessed it since 1802. Gandon subsequently added the western portico for the Com- 
mons* House. A much larger work by him was the edifice for the Four (Law) Courts. 
Tiie foundation stone was laid March .3, 1786, and was first used at the end of 1796, but 
the whole was not completed until 1802. The frontage extends along the river quay, and 
includes, on the east side, the Offices of Records, designed in 1776 by Timmas Cooley, 
whom Gandon succeeded. The whole extent of ground was but 432 ft , 294 ft. of which 
being occupied by the offices, left but 140 ft. square for the plan of the Courts, and this 
had subsequently to be lessened in depth by the portico being set back, to appease the ire 
of a Right Honourable gentleman whose opinion had been overlooked. This centre 
building consists of a moderate sized central hall, 64 ft. in diameter, with a dome which 
forms exteriorly a marked feature of the design, and one of the most conspicuous objects 
in the city. This central hall gives access to the four courts. For the same city, he 
designed ('arlisle Bridge and the Inns of Court, but resigned the control over the latter 
edifice to his pupil, H. A. Baker. He retired in 1808 to his country house near Lucan, 
and died there as late as 182.3, in the eighty-second year of his age. 

527. James Wyatt, born about 1743 or 1746, accompanied, at an early age. Lord Bagot 
to Rome, and aj>])lied himself to the study of the ancient monuments in that city and at 
Venice. After an absence of six years, returning to London, he was employed to design 
the Pantheon Theatre in Oxford Street, consisting of rooms for public assemblies, &.c. 
This wa» opened in January 1772, and its completion (Jig. 228, which shows the interior as 
arranged for the Handel festival, in May 1784), spreading his fame both fer and wide, he 
was eagerly sought after to superintend numerous public and private buildings in Great 
Britain and Ireland. Walpole, writing to Mann, in 1771, says of it ; — “ The new winter 
Ranelagh in Oxford Road is almost finished It amazed me, myself. Imagine Balbec in 
all its glory I The pillars are of artificial giallo antico. The ceilings, even of the passages, 
are of the most beautiful stuccos in the best taste of grotesque. The ceilings of the ball 
rooms and the panels painted like Raphael’s loggias in the Vatican. A dome like the Pan- 
theon glazed. It is to cost fifty thousand pounds,” Part only of the Oxford Street front, 
with the side entrance in Poland Street, now exist of this work, for the interior was gutted 
,by fire soon lUter its erection. Ji'ig. 730 shows the framing of a dome nearly the same as that 
for this edifice. Tlie drawings he brought home, the knowledge he possessed of the arts in 
general, and his polished manners, secured for him a host of patrons, and he became the 
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cbief arcbitect of the day. Tliose unties, amateur or otherwise, who do not choose to maka 
allowances for the state of the knowledge of the arts at the j>eriod under notice, hold Wyatt 
up to the execration of the present generation, for his alterations and restorations of our 

ancient buildings. Yet, 
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for King George 1 1 1., 
he restored parts of 
Windsor Castle, to the 
entire satisfaction of all 
the connoisseurs of his 
day, keeping to the ori- 
ginal style of the edi- 
fice, or as nearly so as 
the few studies of the 
style permitted. His 
Gothic palace at Kew 
has been pulled down : 
and the western front 
of the Houses of Par- 
liament was burnt 
down; both unregret- 
ted. But his houses, 
villas, and mansions, 
aie amongst the most 
convenient and taste- 
ful in the country; his 
own residence in Port- 


land Place, near I angham Church, is a good t>pe. Elincs has elaborately commented 
upon the peculiarities of ArdJ|gpCan House, near Navan, in Ireland, designed for the Bishop 
of Meatli, as atfordii^Wie f^Hprate accommodation for a small family, or all the require- 
ments of an Irish orSlation^here hospitality has to be afforded to all coiners. 

.528. James Wyatt was among the earliest architects to employ e\ery style of architecture 
in his designs, yielding all individuality to the passing whims of clients. Among his other 
buildings usually noticed arc Lee Priory, Kent ; and Castle Coote, in Ireland, for Viscount 
Belmont, which for grandeur of effect and judkious arrangement, deserves much commen- 

dation. The (i|Mirtments are upon a moderate scale and 

well disposed, and the whole designed after a Greek model, 
in which style lie also designed Bowden Park, Wiltshire, 
for Barnard Dickenson, Esq. {Jigt. 229 and 2*30). Another 

of his large works 

is Asliridge, situ- 
ate in the counties , 
of Buckingham 
and Ilertfoid, for 
the Earl of Bridge- 
water ; it is a very 
extensive anil 
highly decorated 

mansion designed ng 230, ici hi atiok of bowdsit park. 

in the mediaeval 

castellated style. Fonthill Alibey, Wiltshire, for W. Beck- 
ford, Esq., was also another of his edifices in the same style. 
The exterior measurements are 270 ft. from east to west, 
and 312 ft. from north to south; the centre tower being 
276 ft high from the floor to the top of the pinnacles. His 
restorations of our mediaeval buildings included that of 
Henry y I Ith’s diapel at Westminster Abbey, Thomas Gay- 
fere being the intelligent master mason employed. As so 
many of his later works belong to the present century, no 
more will be said here of this influential architect, except 
that he succeeded Sir W. Chambers as surveyor-general 
to the Board of Works ; that for one year he filled the pre- 
rig, m vuLK OF EowbKK PARK, sidcntial chair of the Royal Academy ; and that, as before 
stated, he died in 1813, aged sixty* seven, in consequence of 
the overturning of his chariot near Marlborough. 

529. This architect must conclude our general view of the history of art in tliis countrv 
U> the end of the reign of George 111. 
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CHAP. IV. 

POINTED ARCHITECTURE. 


530. The history of the pointed styles on the continent of Europe is a matter which 
may be treated in various ways ; but tiie limit within which this portion of our labour is 
restricted, in order to render it concordant with the space allotted to other subjects, obliges 
the dunce of the headings France, Belgium, Germany, S^pain, and Italy, with as near an 
approach to a chronological arrangement of the buildings that will serve for examples, as 
the looseness of annalists and the differences in chronicles will permit. This sequence will 
pive the reader a general view of the subject, which will enable him to understand the 
irregularity of the progress of pointed art in those countries in comparison with the gradual 
transition and uniform character which are so generally observable in England ; and wUl 
prepare him for his own particular study of the characteristics of tiie schools; these are as 
numerous as the provinces, almost as numerous as the cities, in the countries to which we 
refer. He may observe in the following notices several examples of difhcaltics as to dates ; 
the periods assigned to our examples have been determined by autliors who, being 
natives, may be supposed to have given as much time and learidng to the chronology, 
as English critics iiavc dedicated to the style, of the respective countries. 

France, 

531. The schools of i)ointed architecture were confined to certain portions of the country. 
They arose in the lie de> France, Champagne, Picardy, Burgundy and Bourbon, Maine and 
Anjou, and Normandy, here named in the order in which, before the middle of the 13th 
century, the new style was adopted. This did not develope itself until a late period in 
Bretagne, where a character, which corresponds (in the opinion of M. Viollct le Due) as 
much to that of England as to that of Maine and Normandy, was always preserved. The 
style of the royal domain hardly penetrated into Guienne before 1.370 ; and even its official 
appearance after 1247 at Carcassonne did not procure for it an influence in Auvergne and 
Provence; they can hardly be said to have ever adopted Gothic architecture. Indeed, 
the latter district did not belong to France until 1481, and almost passed at once from 
degenerated romanes(]ue traditions to renaissance art, exhibiting scarcely any mark of 
tlie influence of northern Gothic. 

532. With regard to ecclesiastical architecture in the south of France, it may be said 
that the buildin’^s having arches that are positively pointed, date principally in the 14th 

I and two subsequent centuries, as the cathedrals at Alby and Rliodez, the bell -tower at 
Mende, and the front of the church of St. Maurice at Vienne. In the south, where the 
climate resembles that of Italy in not requiring high-pitclied roofs, the pointed arch seems 
a foreig.i element ; it is there in body, but not in spirit. The architecture is just as before; 
the pillars are few and thick; the capitals are square, and have large leaves or scrolls ; the 
ornaments are either barbarous or are imitated from classic works ; the towers are few and 
massive; and the fronts always have a pediment of steeper rake than any antique example 
can show, imder which is a doorway having a round arch, or else one so slightly pointed 
that the point is only detected by a careful eye. 

533. Until the middle of tlie 12th century (a few cases earlier may be exceptional), 
the semicircular arch appears to have been almost exclusively employed; but immediately 
afterwards, the sti/le romaiv)^(pgwal or stt/le roman de transition, exhibits the pointed arch, 
crocket capitals, and groined vaulting with diagonal ribs, on a crowd of civil and ecclesias- 
tical buildings. There are purely romanesque churches, where the small openings have 
semicircular heads ; the four great arches carrying the pendentives of the central lantern 
or dome, as has already been noticed {par, 307.), being pointed. In the centre of France 
there are churches that are altogether romanesque in plan, in style of decoration, and in 
form of pillars, that have none but ])ointcd openings, proving that a thoroughly defined 
architectural system had been slowly constituted, which the architects of the 13th century 
merely rendered mure homogeneous and more perfect ; these buildings are romanesque, 
if style depends upon plan, capitals, and Ibrm of mouldings; they are pointed, if it 
depends upon the form of the arch. 

534. Amongst the structures which date in the 1 2th century may be named St. Pierre- 
lc/.-Bitry, with three circular windows in its apse; St. Martin at Cuise, having a square- 
ended choir like Notre Dame at Conchy ; and St. Etienne near Pierrefbnds ; the cathe- 
dral at Tulle; St. Julien at Brioude; St. Nectaire, St Symphoi ien, and St Genes at 
Thiers ; St. Naxaire at Carcassonne ; with the churches at Mozat Noirlac, and St 
Ainand, all being situate in Auvergne ; St. Martin at Laon ; St Pierre at L'Assant; St. 
Pierre at Soiss.ms ; and the churclies at Braisne and Coucy-le-Cliateau. Buildings in 
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which the |H)inted arch seems perfectly secondary to its rival, are the portal of the cathe- 
dral at Bayeux and the churches at Conciiy, Civray, Senlis, and V^zelay, with tliose ol 
St. Remi at Reims, and of Notre Dame at Chartres, Noyon, and Poitiers. 

535. The churches wliich have domical coverings deserve a short notice They are tlie 
cathedral at Cahors, St. Front (/iffs. 159 and 160), and St. Etienne de la Cite, both it 
Perigueux, the cathedral at Puy, and the churciies at Souillac 158.), Angouleine, Le 
Houlet, and Loch es, with the fourteen -sided church at Rieux-Merinville. 

536. A French critic of considerable repute thinks that necessity, facility, and solidity in 
construction, and a gift of varying the decoration, alone prompted the use of tlie pointed 
arch in the south-east of France, where are buildings showing that arch in their lower 
poitions, wliile the upper parts have semicircular work of the same age. It therefjre 
ippears that if tlie architects in the southern provinces were the first to make the pointed arch, 
they were also the last to adopt the systematic and absolute use of it; and tlie usual classi- 
fications of tlie pointed styles cannot serve as perfect indexes to the jieri jd of the employ- 
meLi of the subdivisions that have been made, although it might have been supposed that 
the spirit of methodical order wliich has eminently distinguished the French nation since 
1790 would have shown itself in an analysis of the architecture of their country. Tlie 
Comite Historiijue des Arts ct Monuments, has issued the following table as in some sort 
authoritative; — 


Architectuie with the 
round arch. 


Architecture ^th the 
round and poiilled arcli. 


F;UST I'EIUOD. 

From the fourth to the eleventh 
century 

Eleventh, and first half of the 
twelfth, century . . . ' 

SKCONl) FERIOU. 


St^/le Latin. 
Style Roman. 




Till U I) PERIOD. 


\ Thirteenth century 


Architecture with 
liointed arches. 


{ 


Style ogival primav’e oi 
en lancette 

Style ogival neconiRnre 
or rayonnant. 


Style ogival tertiaire or 
Jlamhoyant. 


Fourteenth century 

Fifteentli and early part of sixteenth 
century, till H80 (De Caumont), 
pure, afterwards transition . 

5.37. But this list is not universally used, and in reading the works of any Frencli author 
oumcdi.Tval architecture, it is necessary to ascertain whetlier he has followed it, or the table 
propounded by M. De Caumont as here given (with Mr. Poyiiter’s iiaivillel of English 
periods) ; — 

In France. 


Romanesque 950 to 1050 
Tiansition 1050 to 1150 

Primary (^Gothiqne') 1 150 to 1250 

Secondary ( rayonnan t) — 

First Epoch 1250 to 13<X) 

Second Epoch 1300 to 1400 

Tertiary ( fiamhogant)-^ t 1400 1 Perpendicular English or Tudor 

First Epoeli 1400 to 1460 •{ 1500 \ 1377 to , 

Second Epoch 1460 to ... . 

For the chateau^ M. de Caumont also proposed the subjoined classification: 


1000 

1100 


1200 


1300 


In England. 

J Anglo-Saxon 970 to 1066 

Norman 1066 to 1189 
Transition 1189 to 1199 
Early English — 

First Epocli (faacei) 1 199 to 1245 
Second Epoch 1245 to 1307 

Decorated English 1307 to 1377 


1st class. Fifth to tenth century : Primitive 
Roman. 

2nd „ Tenth and eleventh centuries: 
First secondary. 

Srd „ End of eleventh and twelfth cen- 
tury; First tertiary. 

4th Thirteenth century ; Primitive 

pointed. 


5th class. Fourteenth and first half of fif. 

teenth century ; Secondary 
and tertiary pointed. 

6th ,, Second half of fifteenth and six- 
teenth century ; (Quater- 
nary pointed. 


538. Before entering into the consideration of the style ogtval, it will be desirable to 
explain that ogive^ also written augive. designated originally a diagonal band in groined 
vaulting formed by the intersection either of barrel vaults or of keel vaults, to both of 
iphich the terms toule ea croUU d^ogivts, or vouU (Togives, were applicable. As equivalent 
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to a pointed arch, ogtve is merely the popular confirmation of an error committed by the 
ignorance of some wi iters in the present century. 

539. Heavy roofs, having few ribs with great width of plain intrados, and carried byi 
masses of walling, with small openings, 
are characteristic of Romanesque work. 

Its successor was exactly the reverse: 
the subdivision of roofing into a col- 
lection of light ribs with no marked 
intrados, the growth of the engaged 
or disengaged pillars into the lines of 
the vaulting, and the carriage of the 
weight of the ribs by buttresses that 
form the resisting points of walls 

• which are merely frames to windows, 
are distinctive features of the Gothic 
architecture of the 1.3th century, with 
the addition of the pointed arch which 
had previously been employed in ways 
that tended to the developement of tlie * 
gtyle oyival primaire As an exam- 
ple of the transitional character of the 
style in this period, the two bays, Jig. 

£31. from the cathedral in Paris, and J[| 
fi9‘ 232. from the church of the abbey 
at St. Denis, may be compared as 
having been executed respectively at 
the beginning and end of the period. 

The sculptors do not seem to have 
studied nature beyond exhibiting the 
costume of their period; and if they 
chose models at all for their foliage, 
these were furnished by indigenous 
[)lants. Tlie great attention paid in the 
lltli century to ancient literature is 
clearly responsible for the centaurs and 
other fabulous creatures then used for 

• ornament. In like manner, the devo- 
tion of the 12th centuiy to the sciences is expressed by the xodiacal signs and emblems 
of the seasons sculptuied on the portals and choirs of churches built in that and the suiceed- 

ing century. The door- 
ways at Amiens, Autun, 
Avallon, Notre Dame in 
Paris, St. Denis, and 
Vezelay, with the choir 
of the church at Issoire, 
supply curious examples 
of this new brunch of 
decoration. 'Diis conti- 
nuation of details, origi* 
nally belonging to the 
12th century, suggests 
the remark that the edi- 
fices constructed by the 
Gothic school, at the 
commencement of the 
13th century, do not 
possess features so dis- 
tinct as to furnish al- 
ways a means of dis- 
tinguishing them from 
those belonging to the 
period of transition— a 
remark which may be 
applied to the two exam- 
ples of domestic archi- 
tecture at Caudebeci 
which form 233. 



Fig. 231. NOTKK DAUB, I’AIilS. 



Fig. 232. BT. 1>B{US. 



Fl«. 233. 


UOU8KB, CAtUbSLC. 
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S40» Out of Rk* large number of masferpieces in architecture in tlie J3tli ceniury way 
be selected the cathedrals at liisicux, Lyon, and Narbonne, executed in the early part of 
that period; Bordeaux and Clialons-sur-SHone belong to the year 1250; and Coulanccs 
dates in the last half of that century. Great part of the cathedrals at Bourges, Dijon, 
JjHOii, Nantes, Nevers, Senlis, and Sens; the ehoir and aisles at Auxeire; the choir and 
ihaptls, with the upper f)art of the nave, at Bayeux ; the nave and choir^t St'cz; the 
churches at Ourscamp, St. Denis, St. Jean atix-Bois, and St. Maximin ; those of St. 
Bieire at Avalon, and of St. Victor at Maiseilles ; the Ste. Ciiapelleat Baris; tlie choir of 
the church at St. Na7.aire at Carcassonne; the nave and most of the choir of that of St. 
Bierre at Lisieux ; the cliapels, aisles, and choir of that of St. Julien at Mans ; the clioir ol 
that of St. NicaisiMit ilouen ; and the llote\-Dieu at Lon vies, ■were in the, 

course of tiiis period. 

541. llic cathedrals which arc usually taken as affording standards of tlie style are 

Ciiartrcs, Beauvais, lieinis, J’aris, 
Amiens and Rouen, of which 
Reims is perhaps more consistent 
than Amiens. They are univer- 
sally considered to he two of the 
finest examples of the style in the 
world. The former, whicl) wa.T 
begun 1212, but not quite finished 
till H30, is in the form of a Latin 
ero.ss on the plan (^e/. 234.); its 
length from east to west is 492 ft., 
riB. 234. i*LAN or itKiiis CATUKUKAL. aiid its breadth, measured to the 

extremities of the arms of the 
transepts, is I 90 ft. 'Die width of the transepts is 98 ft., and the towers, 270 ft. from the 
ground, are still impel (ect, because their open spires have ne\er been erected 




CAT., .;,.K.L CAT...,,,,.,. AT AMI.vNS 

542. The cathedral of Amiens, begun 1220 by Hubert de Luzarches, butemtinued and 
■ -M a . completed, I2B.), by Thomas and 

Kegnault dc Cormont, except the 
not finished 

X'^^TxT v'W I’"'*' ***® ‘be 1 4th cemurv, 

-J~fl 1 ^ r'" ''WJ f I '°"K »nd 84 ft wide 

j fv nliBtH "'as commenced within 

H I ra two years of the cathedral at 
■ ■ ■ ■■■W* SxiHsbury. Of the two, Amiens 
■ * a "lore perfect and 

,, advanced state of art tlian .Salis- 

*^»*>?* n-Aw or AMiEXs CAtMEimi.. before 

tie. of the former neWnd ,.«nv i 




1 T"f 


ni.Air or AU1EX9 CATHEOItAI.. 


... US in adding t 

ties of the former jieHod many graces not adopted by us tintil the latter. 
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5455. Tlic itffh offiraltecomlaire is considered by soine arcliitecis to be that m ndiicb poititcd 
ftrt arrived at perfection ; for they deem that an increase of elegance compensates for a loss 
of severity: but with the latter the purity of the preceding period seems to be wanting. 
Nevertheless this raijonnant has no absolute character ; it is rather, as observed by INI. 
Schayes, a system of transition preserving the elements of the style of the 13th century, but 
modilying them by greater amount of ornament, and by more expansion and boldness in the 
culrve of the arch, for tlie arc en tien point is the true arch of the time. This decoration, 
this arch, and tlie tracery of the windows, chiefly mark the style ; and in re^rd to the 
latter point, Jigs, 231 and 232 show the diflerence between the works of the two |>eriods. 


The sculptois of the 1 4th century were more skilful than their predecessors ; their carving 

-i- — 544. Tlie comparison which was — | 

rec<)mmended between 2551 and 
A paralleled with aihan- wmmmmmmammmm ES 

w nr In placing before tlie reader, 

m ft m W example of the second \ , 

HI I 11 I peiiod, in the choir of St. Ouen at M 

I I ||IH lionen. and ,fig, 239, an e()imlly ^ Iff// ^ |V m 

^ L |& modest work of the third epoch Irom I HI | ' 

III Ulu church of St. Maclou, in the | HI 

U fflW 545. Foreign armies and ei\il wars Hu 

Jl nil caused the usual buildings of thte | l| 

II llll century to be fortiHed houses N H ■ I 

H KH gateways rather than ec- U U | 

l| I II clesiasticnl sti ucture.s. One church, | ffl | 

ill I II however, that of St. Ouen, at lioiien, | ra || 

, M .UM 1318 39, (/i 7 .s. 2558 and 240), exhi- i 

iSSt style in its choir and 

^ y ^ CS3L inore perfectly than the ca- 

fig. M8. ST. OUKN, AT ItUt'UI, ' . MO ft-p uirinir at nnnirv. 


thedrals at Clermont- Fen and, Melx, 


Fig. 239. ST. MACLOU, AT ttOUlfJf. 




and Perpignan. Other good exan pies are i he transepts at Fayeux, the chapels at Narbonne, 
and the chapter-honse with the cloister at Noyon; besides the churches of tiie Uoniinicans 
and of St, Didicr at Avignon; that of St. Jacques at Compiegne, and of St. Nizier at 

Lyon ; the cloister of Si. Jean> 
des- V^ignes at Soissons; tlte palace 
at Axignon; tlie hotel-de-xille 
at St. Oiner ; the towers of Sl 
V ictor at Marseille, and o5‘ St, 
Semin at Toulouse ; and the 
front of the church of St. Martin 
at l.aon. 

546*. 'riie third period, the s/^/e 
oy'ual tertiaire^ Jlturiy or fainlnoj- 
r«g. 2 io. pf.AN OP ST. ocKN, AT RouKiT, (before the front wM ant as it was termed bv M. .An- 

remodelled by M. Violk‘Ule.OuG). , *.» a , 

guste le X'revost, used the eqtii'> 
lateral arch during the 1 5th and part of the 16th century; but more commonly one, in 


some eases stilted, with the radii less than the width of the opening {ogive snrhalHsce or 
ogire ttitiue): the elliptic arch {arc en anse de paniet)\ the ogee arch {arc en ac<olade); 
and its rexerse {arc en dondne), are not uncommon. The pointed arch seems crushed by 
its canopies and flnials; and tlie system of false-bearing is carried to so great an extent 
that the buildings might have been intended to defy the laws of equilibrium. 'Hiere is 
great skill shown in the couj'^des pierres. and in working them as decoration with extreme 
ielicacy into petrified leaves of the thistle and curled cabbage, or into imitations of 
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#miimjder/. Covered with cusped arches, niches, pinnacJes, and tracery, the buildings 
of the time would be easilj^ reco/^nised even if they were not marked by the wavy or 
broken iinen of the arches ; the mnulurta priswaiiques or pear-shaped boltcis, projecting 
atrises, and deep hollows, which form the mouldings ; and the boldly designed cor- 
Sbdling, pendentives. and vaulting so flat that it resembles a ceiling resting upon ex- 
tremely thin pillars. In Jip. 241 we illustrate one of | fj | 

the compartments of the sacristy of the church at '! I 

Caiidebec, whicli conveys a fair notion of the pecu- | 

liarity of the stylo. During this period the sculptors | 

lost tiiuch of the simplicity noticed in the preening J| 

century; they evidently copied the living model for unijiriiiij .w , 

It least the head and hands« with great truth and 
sometimes with happiness in expressing sentiment, but 

they clothed it in heavy drapery cast with pretension. JL A 

I’he grotesque and monstrous figures almost excel the IuJl 

itntiies, and seem to have some analogy with those 
ivhich appear in the bassi-rilievl of the llth century. 

Such were the lust efforts of the pointed style, which 
)wed its principal character to its tendency towards 

/erticality, and finished by seeking horizontality. 11 y Ml ^ 

.547. Amongst the most remaiksbie works of the || ||||[||| |■|||■ I || 

1 5th century msy be mentioned the tran<!epts 1400-.^9, I 1/ fti k 

ind the nave 14()4-91, obviously modelled upon the | A \ 

srevious choir, of St. Ouen at Rouen; the upper i HB| ||||||B| | » 

lart and spire of the north-west tower at Chartres; I ^^^B I M 

the central tower, transepts, and chapels at Evreux ; HJMBHILBBu |i mKIS 

Limoges; the northern entrance nt Sens; the churches 
nt Notre- Dame- de-rEpine, St. Quentin, St. Riquicr, 

Than, St Wulfran at Abbeville ; the Celestinians, \ 

and St. Pierre at Avignon; St Jean at Caen; St. ^ M J| Q, 

.\ntoinc at Compi^gne ; Ste. Catherine at Honfleur; ASJ 

St. Germain TAuxerrois at Paris; St. Vincent at ^ I r I 

Houen ; and St. Pierre at Simlis ; the choir and | p 1 

apse of St Trophime at Arles; the greater part of I | 

St. INIartin at Avignon; some pure portions (others, ' ’ r I 

/io. 242, showing the dying «>triiggle8 of the style) of / 

St Jacques at Dieppe; the ctmir and transepts of ^ M xS 

St Remi, at Ueim'«; tiie pretty Bourbon chapel in ^BH 

the cathedral at Lyon ; the mUedett chevaliers at Mont )- - ||BHI ; HHB L 1 
St Michel ; and the tower of St. Jean at Elbeiifl HF 0 

.548. Among the examples of the style, between ^ _ _ H 

the years 1420 and 1.5J1, are the Hotel des Ambassa- i 1 1 1 -i 2 

denrs nt Dijon, abont 1420; and the Fontaine do la 

Croix at Rouen, between H22 and 1461 , lately re- 

stored with the greatest success in all its delicate 

details of ornament and tracery; as well as that which, . 7-=; : rr = -\ ^ 

elected about 1512 opposite the cathedral at Cler- - ===~-!- 

mont, in Auvergne, was much injured by its renewal 
in 1799. The palace at Dijon dates about 1467 ; and 
in that city are the monuments of the Dukes of Bur- 

Riinily, l>i:ili|.|H-Ic.nar,li and Jean-wns-Peur, which sac d,,... ^ 

weie in the church of the Chartreuse. That of the cArDbiKc. 

Ust-nnined was executed by Juan de Huerta, assisted by other artists, about H75. Hiey 
are both of the peiiod and are perfect keys to the style that prevailed at the time. At 
Nancy, the capital of I.K)n*aitie, still remains a portion of the ancient palace of its powerful 
dukes. A representation of hs portail is given in ftp. 243. What remains within 
serves as barracks for the garrison. 'Fhe date of it is about H7G. The Porte du Cailhaii 
at Bordeatix, H94, in memory of the battle of Fornovo, shares the fate of the Hotel de 
Ville at St. Quentin, with its known date of 1495-1509, in not attracting so mucl» notice 
as a very peculiar instance of a castle in miniattirc built by Geiard de Nollent about the 
end of the 1.5th century at Caen with four fronts, which from the statues of Neptune and 
Hercules placed on the battlements, is commonly called the chateau de In gendarmerie. At 
Drieans, the Hotel de Ville, finished in 1498, is now u^d as a museum. The Chateau de 
Blois with four facades of difierent design, the easterttwork dating about 1498-1515, is 
too well known to need here any further remark. Ten miles from Caen is situate the 
Chateau de Fontaine le Henri ; the greater portion is of this period. A part of the west 
front is given, /y, 244, as a characteristic specimen nf the residences of the noblesse during 
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llie latter part of 
&he 15 th cent uiy, at 
which period it evi- 
dently was erected. 

The well known 
Hotel de Cluny ttt 
Paris, possessing 
portions of an ear- i 
jlier date, bad the 
.works resumed in 
H90 by Jacques 
i’Amboise, Abbe 1 
of Cluny. and after- I 
wa>ds bishop of j 
Cleiinont. This 
building now con- 
tains the works of 
art formerly belong- 
ing to M, de Scni- 
rnerard. Ntar St. 

Amend is the Cha- 
teau de Meillant, 
much resembling 
the last named tdi- 
hce, but more orna- 
nrented 

549 During the 
last years ot the 
1 'Jth century, the 
campaigns in Italy 
l)y the French made 

them acquainted with tne new style, tlie 
imitation of the antique. At first, some 
mouldings and some decorations only 
weie copied. Thus sevcial portions of 
the cathedral at Orleans exhibit the os- 
sential features of decaded pointed artlii- 
tectiire ; and while Bullant designed in 
tlic Italian style the chateau at Ecoiun, 
he maintained in the appendent chapel 
the Gothic taste, as being eminently ec- 
clesiastical, as he did in the parish church 
at the same place. In the 16th century 
new churches were rare: sumptuous 
palaces and pleasure-houses w«ft the chief 
works, in which great saloons Iwfcame the 
chief ob)ects ; and the middle class also 
introduced luxury into their dwellings. 1 
As the main object was the expression 
ot wealthy ease, not a character of grave 
magnificence, the functions of the archi- : 
tert were assumed by the sculptor; and 
at the same moment sculpture, no longer 
architectural, alike commenced its dcca- 
lence in France The chief ecclesiastical 
M orks of the period were the additions of ^ 
fronts, or restorations ; these done at the 
commencement of the epoch form a sort 
of transition between the fieuri and 
the Italian renaissance empl yed towards || 
tlie end of the reign of Francis I. In 
this rategorymay be ranged the churches !|| 
of St. Patrice, St. Godard, St Andr^« 
de la- Cite, St. Nictlas, St. Sever, and the 
great portal of the cathedral at llouen ; 
tlie church at Brou ; and the churches 
of St. Etienne-du-Mont andof St Eus- 
tache at Paris The latter has the 
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muHiMns trac&ry, And arc ittaccd wi^itn tripfip cati^icfi of twnrfy the sime form, fiimked 
hy gquai4 pSUarB^ terminating in tall or^ketcd fuimacles, some Of them fronted with op^n 
arches, erowited irith stetues. The roof, as is usual in Freiteh and Flemish buildings of 
this date^ k of a very high pitch, and harmonises urell with the proportions of the building. 
An oriel, or rather tower, c£ enriched workmanship profects Into the court, and varies the 
elevations** (an oldcct the designer never once thought almut, inasmuch a's in all medieval 
huildiflffs, the hrst consideration was convenience, and then tlie skill to make convenience 
agrecalde to the eye — an invaluable rule to the architect). “ On the left-hand side of ^e 
court, a wide flight of steps leads to the SiMUe dts Procureurs*'^ (marked A on the plan), *♦ a 
place originally designed as an exchange for the merchants of the city ” (aed quare), “ who 
had previously been in the habit of assembling for tliat purpose in the Cathedral.** Its 
dimensions are 135 ft, long, by 57 fl. 3 in. wide. The room B is now the Cour dt Aatiau; 
the ceiling is of oak, and is arranged in compartments with a profusion of carving and gilt 
ornaments. The original bosses of the ceiling are gone, as are also the doors which were 
enriched with sculpture, and the original chimney>picce. Round the room are gnomic 
sentences, admonishing the judges, jurors, witnesses, and suiters of their duties.** The 
l)asemcnt story of the aalh is, or used to he, occupied as a prison. The southern and eastern 
fiKj^dch of this elegant edifice have lately (1856) been restored under the direction of M. 
Gr^goire, who probably superintended the internal decorations, 

5^1, Fig, 246 is a portion of the south front of the building. The ellipse seems almost 
to have superseded the pointed arch in the leading forms, over which the crocketed labels 
or drips, in curves of contrary flexure, flow with surprising elegance. It is only in the 
lucarnea we find the pointed arch ; and there it is almost subdu^ljy the surrounding ac- 
cessories, The connection of the lucames with the turrets of the facade hy means of flying 
buttresses is most beautiful, and no less ingenious in the contrivance : tiieir height froni 
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the ground 
to the top of 
the flnisls, is 
78 ft. 6 in. 
llie octan- 
gular turrets 
at the end 
of the salle 
next the Rue 
St. liO, con- 
taiil a very 
pretty exam- 
ple of pene- 
tration over 
the heads of 
the pointed 
arch. In the 
story above 
the base- 
ment, as also 
in the lu- 
cames, the 
soffites ofthtt 
windows are 
rounded at 
theanglesyor, 
as the French 
call it, have 
couagineis or* 


rondisy as usual in the st>le, those in the principal story being, besides, slightly segmental. ^In 
the tracery of the parapet it is singular to find the quatrefoils centered throughout with what 
IS called the Tudar rose. The arches rising above the parapet, which are crocketed and 
of contrary flexure, have statues substituted lor finials The riebnessof the ornamentation of 
the whole is such that we know no other example, except that of the Hdtel de Bourgthe- 
roulde in the same city that can vie with it. The woodcut, jffp. 247, is a section of the sii/fe. 
The roof presents little for remark. Jt is bold and simple, and seems scarcely in harmony 
with the rest of the place. It is impossible to form an adequate notion of this splendid 
monument from the figures here given, owing to the necessAl^ smailnAM of the scale. 
Those who are desirous of thoroughly understanding its details gratified by refer- 

ring to the plates of it in Britton^ Normandp. 

^ 552. There is no city where the style ot the period whereof we are treating can be 
Jbtter studied than Houep. It possesses, both in seeular as well as ecclesiastical arclut<-cture» 
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Kll that the student can desire. The Hotel de Bourgtheroulde, in the Place dc la Pucelle, 
la about the same age as tlie Palais de Justice we have just described) or perhaps 

three or four years later in the 6uisli< 
ing. In some respects it is more 
elaborate in the ornaments and the 
abundance of sculpture. The entire 
front is divided into l)ays by slender 
buttresses or pilasters the spaces 
between them being filled with bassi- 
rilievi , every inch of space, indeed, 
in the building has been ornamented. 
This building still remains in a most 
degraded condition. 

Behjtum, 

553 The table of styles given at 
the comnfK'iicemint of the preceding 
section applies to the progress of 
art in this portion of the history. 
The first appearance of the pointed 
aich U fixed in the first quarter of the 
12th century, by Schayes, V Architect 
Uire en Beifiique, 1850-53,who notices, 
that the semicircular arch did not 
disappear until the middle of the 
1 Sill, and that only ecclesiastical edi- 
fices can be adduced as examples of 
tlie style de transition. The choir 
aisles were continued round tl e 
che\et, in the cliurchcs of Ste. Gu- 
dule at Bruxelles, St. Quentin at 
Tournai, and Pameleat Audenaerde, 
while Notre Dame de la Chapeile 
at Biuxtlles exhibits annulated ribs to the vaulting. The division of the doorway by a post 
is due to this period ; as are gargoyles in decoration; and the introduction, in Flanders, of 
biickwqijc. ^ 

554. The chief structures are the tower of St. Pierre at Ypres; St. Sauveur at Bruges, 
inf)-27, the earliest piece of mediasval brickwork in Belgium; St. Nicolas, and St Jnc(|ues, 
at Gaud or Ghent ; the abbey church at Afflighem, 1 122-44 ; and the Chapeile du Saint- 

Sang at Bruges, 1150, despite the de- 
corations added since the 15th cen- 
tury, and the facade reconstructed 
1824, being one chapel over another 
( /iy. 248. ), with a peculiarly shaped 
tower which is also double, one 
portion being circular in plan upon 
a corbel, the other being square 
in plan at base and attached to it 
Probably St Quentin at Tournai, 
and St Martin at Saint Trond, are 
later. It is remarkable that the 
blank arcade formed by crossed 
semicircular arches does not occur 
in Belgium. 

555. Amongst the chief struc- 
tures in the style de tiansition which 
were erected during the 13th cen- 
tury, are Notre Dame at Rure- 
monue, 1218-24, which resembles the church of the Apostles at Cologne, and is the * 
first instance of a true cupula in Belgium; the church at Lisseweghe, about 1250; and 
tlie Abbey at Villers, which, although in ruins, is a perfect type of the style in the choir 
and transepts, and moreover retains more of the de])endent original buildings than any 
other establishment in the country; the brewery dates 1197, and the church about 
1225; the triforium range of windows to the choir are superposed circles, an idea 
repeated in the end walls of the transepts; the three-aisled nave has a third triforium 
and is the most perfect type of the early part of the ogital primaire existing in 
Belgium, except that of Ste. Pamele ; the Eying buttressed are reqnarkabie works ; the 
Cloister belongs to the Hth and' 15tli centuries. The chevet, 1290, of Ste. Gudule, and 
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ttie contemporaneous choir, with tlie transepts of Notre bamede la ChapeKe at Bruxelles; the 
Madeleine, ahou^ 12^0, at 'roumai; the choir, 1221, of St. Martin at Ypres, remarkable 
for the branches of foliage along the strings; the crypt, 1228, of St, Bavon at Gand, which 
was the last (except one hereafler noticed) that was constructed in the kingdom ; Ste* 
Pamele, built 1235-9, by A. de Bincho, ut Audenaerde, which is 
said to be *‘lc type le plus curieux quSl soit possible de trouver 
do ce style;** and St. Jacques at Tournai, which has one triforium 
over another, and exhibits in the tower a pointed trefoiled arch 
with columns to support the cusps; are also transitional. 

556. The cliapcl of the castle at Viauden, was about 50 ft. 
long and 36 ft. wide ; its plan was a decagon with one side open- 
ing to the castle and another to a pentagonal choir; divided 
into three portions by columns engaged in square piers; the 
centre was a hexagonal pit over the dungeons so that the prisoners | 
could hear prayers without leaving their cells; it is now in ruins. 

5.57. To the sty/e ogival primaire belong the choir and lower | 
part of the nave of the cathedral of St. Paul at Li4ge ; the 
choir and chief part of the transepts of Ste. Gudulc at Bruxelles, I 
1250-80; great part of N<kre Dame at Tongres; the ciuirch 
{Jig. 249, width between the piers is 53 ft.) of the Dominicans 
at Gand, 1240-75, with a single nave covered by wooden ceil ini; 

(Jig. 250. ), on curves of 60 ft. radius; (both cuts from the Gentle- 
tnaii's Magazine for 1862), tliat of the Dominicans at Louvain, 

1230-50, or later; the three-aisled naves and the transepts of St. 

Martin at Ypres, 1254-66, with one of the few rose windows, 
exi.sting in Belgium, over the porch to the south transept; the 
choir of St. Leonard at Lean; Notre Dame at Dinant; Ste. Wal- 
burge at Fumes; the abbey and hospital called La Byloque at 
Gand, *• with an oaken roof notcciltd where spiders liave qpver come,’* and witli a remark- 
able brick gable to the refectory; the brick tower of Notre Dame at Bruges, 12.30-97, 
said to have been about 420 ft. high, including the spire, till 1818, when 50 ft. were 
removed; the clioir of the cathedral at 
Touinai, 197 ft. long, Til ft. wide, ar.d 108 
ft. (inside) in height, remarkable for its 
stilted arclies and for the means adopted to 
strengtiren their pillars ; as well as the choir 
of St. Bavon at Gand, begun 1275 and not 
hnished in the 13th century, with its oppo 
site clearstories connected by iron ties. In 
the Netherlands there are a great number ot 
large churches which have a singular identity 
of appearance in the interior, and at the 
same time a manifest peculiarity of charac- 
ter. This appears to be due to the employ- 
ment of plain, well-proportioned cylindrietd 
shafts for tlieir piers; the style in other re- 
spects being an elegant Gothic. The prin- 
cipal examples are Notre Dame, and the 
cathedral at Malincs; St. Paul at Lieere; , 

Notre Dame des Victoires, La Chapelle, 
and Ste Gudule, at Bruxelles; St. Jacques, 
and the Dotninicans, at Antwerp ; St. Michel 
^t Gand; and Fumes near Bruges. 

558. The stgle ogi oal lecondaire was chiefly 
employed by the ecclesiastics in fliii.shing 
i^tructuresor in commencing others conceived 
6n 80 Iftrge a scale that their supei structure 
belongs to a later period. The chief edifices 
pf the style are the flve-aMed church of St. 

Jean at Bois-le-duc, curious for the revolting 
obscenity of the lar^e statues to the but- 
tresses of the choir — it was commenced 1280, hut evidently wa.s finished in the latter lialf of 
the 15tli century; the five-aisled choir of St. Sulpice at Diest ; tlie church of the Grand- 
Beguinage at Louvain, commenced 1.305, noticed for the manner in which the twelve 
pillars that divide it into three Aisles have been strengthened by iron bars; the contempora- 
neous church of the B^guinag'e at Diest; (ho church at Aerschot, built 1331-7 by J. 
Pickart ; and, finest 5€ 101, NAtre Dame at Huy, begun 131 L ^Itliu splendid rose window. 

B 2 
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To these may be added the cathedral at Saint Romhaut, begun about 1345-50; the nave 
and southern aisle of Ste. Gudule at Bruxelles; the front of the cathedral at loumai ;^d 
Ste. Croix at Li4ge, the only church in Belgium, since the destruction of that at LobeSr 
that lias the three aisles of equal height, and from which the architect is reported to have 
Hed rather timn superintend the striking of the centering to the vaulting, which in the 
nave ia corbelled out from the pillars. ^ 

559. Some of the finest structures belonging to the ityh ogival terttaire arc ; great part or 
Ndtre Dame at Hal, 1S41-1409; the porch and towers, completed 1439, to St. Martin at 
Courtrai, 1390-1439; Stc.Walburge at Audenaerde, rebuilt, except the choir, H 14-1515, 
with a tower 295 ft. high, by J. van den Eecken; N6ire Dame at Anvers, the only five- 
aisled church (except that at Saint-Hubert) in the country, whicli is really seven-aisled in 
plan in the nave (the choir belongs to tiie preceding century, and tlie completion of the 
tower, commenced 1422-3, by J. Appelmans, with the cupola and the Lady-chapel, to the 
first half of the 16th century); St. Gommaire at Lierre, begun 1425, and not 
less than 250 feet long, with a high tower, finished 1455, but altered 1702; the porch 
and tower of St. Martin at Ypres, 1434, by M. Utenhove; the chevet of the cathe- 
dral at Saint- Rombaut, with 820 ft. of its tower, 1452-1 513, which was to have beep 
600 ft. high, according to the preserved design; Ste. Wandru at Mons, which was build- 
ing 1450 (with aisles 1525, and nave 1580-9, by J. de Thuin and his son), and is supposed 
to have been designed by the architect of St. Pierre at Louvain, which was building 1433 
with later nave, the design and stone model for the intended colosstd triple-towered fa 9 ade 
is preserved in the town-hall; St. Michel at Gand, 1440-1515; Notre Dame at Malines 
about 1475-1550; the contemporaneous Notre Dame du Sablon at Bruxelles; the upper 
church at Anderlicht, 1470-82; St. Jacques at Anvers, 1429-1560, with a tower, 1491. 
by T, de Coffermaker ; and the tower, 272 ft. high, of St. Bavon, 1461-1534, by J. 
Stassins, with that of St. Nicolas, 1 406, by T. dc Stei nhoukebeldc, both at Gand. 

560. As works of the 15tli century must be named, the great entrance and its two 
towers, with other portions, to Ste. Gudule at Bruxelles; the tower and eastern part of 
Notre Dame at Tongres; the biick tower of St. Jean at Bois-le-duc; and the tower cf 
the church at Aerschot, said to have carried a spire 488 ft. high, that was replaced, 1575, 
by the present spire, which attains about 320 ft. In the same style are the five-aisled 
abbey church (see Notre Dame at Antwerp) at Saint Hubert, about 1526-64; the brick 
8;)ire, 1524, of Notre Dame at Bruges, which is said to have been 422 ft. high, hut lessened, 
1818, hv 50ft ; the upper part of the nave, the chapels, and the vaulting of the cathedral 
of St. Paul at Liege, 1528-9; the nave of St. Bavon at Gand, 1533-53, with an iron 
railing as triforium, and having the clearstories tied together by iron bars; St. Jacques at 
Liege, 1513-18, the best specimen of the style ; with its rivals, St Martin in the same 
city, finislied, 1542, by P. de Rickel ; the brick church at Hoogstraeten, 1534-46; and 
the church of the Dominicans at Anvers, 1540-71. The cloisters of St Paul, St. Barthe- 
lemi, and St. Jean-en-lsle at Liege arc rather later than that of St. Servais at Maestricht 

561. In the 13th century commences that long series of splendid civil edifices which 
Belgium possesses in greater number than any otlicr country of its size — viz., the belfrys, 
the markets, the town-halls, and the club-houses. The most remarkable of the heffrois are 
at Tournai (the oldest), Gand (the original drawing is preserved) 1315-37, Ypres, 
Bruges, Lierro (1369-1411), Nieujwrt (1480), and Alost (1487). The enormous halle, 
now hotel de ville, at Ypres, was commenced 1200, hut not comjdeted till 1230 in the 
right wing, 1285 in the left wing, and 1342 at the back; the ua/er halle at Bruges was 
destropd 1789, hut another, which was attached to it, remains, with a tower, 1284-91, by 
the priest Simon de Geneve; the halle-aux-draps at Louvain was commenced, 1317, by J. 
S‘evens, A. Hare, and G. Raes (supposed ofhoers), and uas given, 1424, to the University 
that, 1680, added the second story. The Aa//e, now boucherie, at Diest, dates 1S46, and 
the halle aux drops at Gaud, 1424, the last in the pointed style. The boucherie at Ypres 
belongs to the 13th century ; tiiat at Anvers 1501—3. 

562. The hotel-de ville at Alost has the ri^ht fiank, built in the year 1200, remaining; 
that at Bruges, commenced 1377, wi ll its rich ceiling, 1398, was the only edifice of itii 
class raised during tlie 14th century ; that at Bruxelles was begun on the left or east side, 
1401-2, by J. van Thienen, the tower was completed, 1448-55, by J, van Ruyshroek, 
the right side was commenced 1454 ; that at Louvain was erected 1448-59, by M. de 
lisyens, and is unparalleled in any city ; that at Mons was built 1458 ; the old part of that 
at Gand was begun, 1481, by E. Polleyt; that at Audenaerde was erected, 1527-30, by 
II. van Pede, and If/IS- a painter and a sculptor were sent from that town to copy, for the 
use ot the architect, the two chimney-pieces and the parapet of that at Courtrai, built 
1526-7 ; and even that at Lean deserves attention. We refer our readers to the end of 
Book III. for some further remarks on these very important buildings. 

563. Tlie maison (Us poistonniers and the maison dss baitlUrs at Gand date in the first 
part of the I6th century. Tl»e poorter*s hgU (now 6cole des beauxrarts) at Bruges was 
(.rccted at the end of the 15th century, or a little latfr. The maimm du rot at Bruxelles, 
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rebuilt 1514..23, by A. D and R. van Mansdale, D. de Wagemaker, Jj, \an Bcndeghem, 
and H. van Pede, was much injured, 1695 ; and the /7dre/ ^ 

du Franc at Bruges dttes 1521~3. The Uten (prison) 
at Anvers was built 1520. The episcopal palace at Li4ge 
dates 1508-40. 

564. According to a tradition preserved at Ypres, the 
timber of which the wooden houses of the 15th and 16th 
centuries was built, was procured from Norway ; some of 
these dwellings remain in Anvers and Ypres. Two stone 
houses of the l.Sth century exist at Gand, and a couple 
more dating 1250-1300 at Ypres. One of the 14th is 
in the Place du Vendredi at Gand, and many brick dwel- 
lings of the 15th and 16th may still be seen at Anvers, 

Ath, Bruges, Gand, Malines, Tonmai {Jig, 251.).Ypre8,&c. 
llie Porte de Hal at Bruvelles, 1381 ; the Porte de Diest at 
Louvain (1526) j the PontduBroel at Courtrai; the Pont 
des Trous at Tournai (129^-1300), with the keeps of the 
chateaux at Sichem and Terheyden close the list of re- 
markable works of ancient pointed art in this country, 
with notice of the Chapelle de la Vierge attached, 1649, to 
the southern or right side of Ste. Gudule at Brussels to 
balance the chapel, built 1533-7, on the left side. 

Germany, 

565. In accordance with the opinion now usually adopted, 
that Gothic art was received into the north of Europe from 
France, but that it was altered during the process natu- 
ralisation, the usual division of the styles accords with that 
used in France. But tlie periods do not altogether match, 
inasmuch as while examples of pure first-pointed work 
occur in the cathedrals at Paris and elsewhere, 1163-1212, 
the German instances are. like those of Belgium, not earlier 
than 1225. It is hardly possible, however, to refute the 
documentary evidence for some buildings being very much 
in advance of contemporaneous structures in England and France as to style. Ihis seems 
to be admitted by Dr. Wheweli, whose valuable Architectural Notea on German churches^ 1842, 
third edition, condenses into a few lines the account of the chief peculiarities of detail in the 
two classes which he observed in tliat country. He first suggested the fact that English and 
German architects, beginning from the same point — the Romanesque, and arriving at the 
same result — the complete Gothic, or decorated period, with geometrical traceiy, made tlie 
transition each through a separate style ; one of these being decidedly Gothic ; the other, 
which he calls early German, rather Romanesque than Gothic. Iliey have in common their 
slender shafrs, clustered and banded, their pointed arches, and their mode of vaulting ; but 
we do not commonly find, in the interior of the transition churches of Germany, the circular 
cluster of shafrs, the arches moulded into a broad and deep mass of small rolls with deep 
hollows between, the circular abacus with its rounded upper edge, the simple lancet-headed 
windows, tall and narrow, and the peculiar line of open flowers which is used so pro- 
fusedly in all early English work. Nor do we observe, on the outside, the dripstone to 
the window, the moulded or shafted window-sides or jambs, the projecting buttress with 
Its chamfered edge and triangular head, or the pyramidal pinnacles of our early cathedrals. 
Vaulting shafts sjiring from a corbel, or more usually, from an end hooked into the wall ; 
the arch is often a square-edged opening with no mouldings, though sometimes a rebated 
edge, som< times a roll, is seen ; the triforium is, in a large district, meant for use as a 
gallery by the bachelors ; the fan-shaped window, a foiled horse-shoe arch ; and arch 
mouldings with thiee bands, or two bands and a roll at the apex. The difference between 
early English and early German work is less obvious. The resemblance obtains not only 
In the general forms of the members and parts, but in the details also— the canopies, bases, 
profiles of mouldings, &c. The latter style, however, has double planes of tracery — i.e., 
two frames of tracery, one behind the other, in the same opening. After this general 
coincidence, the styles seem again to diverge, the later Gothic of Germany being quite 
different from the contemporaneous or corresponding styles of England, France, and tlie 
Nethei laids ; these again apparently lieing independent of each other. Nevertheless, 
a German author would inscribe at the head of this section the following table: — 

Early . . Fruehgertnani cher atgl . . . Thirteenth century. 

Decorated* • AuegAii detjermaniseker atgl • • Fourteenth cent uiy 

. • SfHietgermanmher atgl . . . Fifteenth century and later. 

566. The earliest truly pointed buildings seem t > be, the chuicli of St Mary at IVexes, 
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1S27-44. mid to rcwmi.le in plan the ch.ircli at Brainc near Sniawna ; the ehoir of At, 
at Meissen, 1215; and the nave of St. Elimbcth at Maiburg, 1253-83, 

l)ftbly was the nnrt in^ 
stance of the practice 
of erecting the nav€\ 
and aisles nniforin in 
height tliat is so coiii^ 
mon in Germany ( fiy. 
^252) The church of 
the Minorites at Co- 
logne as consecrate^ 
l‘i60, and is said to 
liave been built at 
over times by the 
workmen of the ca^ 
thedral. 

.5G7. The cathedral 
at Cologne, begun 
1J48, is held to owe 
much of the plan to 
tli.it at Amiens, and of 
the dccoiation to the 
Ste Chapelle at Paris, 
'J'hc abbey of Alten- 
burg is said to be in- 
debted for its style 
to Cologne cathedral , 
tlie choir at Meissen 
to that at Naumburg, 
and Cal mar to Stras- 
burg ; the churches at 

Crnenberg, Nienburg .in der Saale, and Wetter, with St M ny at Fran kenberg and at Mar- 
burg 'to that of St. Eh/ibeth at Mai but g. In the 14th century, the five-aisUd chuich 
at Kutttnberg was indebted to Prague c.ithedial ; the choir of the church of St Mary at 
llamberg to Cologne catliedral, and (/or windows) to the cliiirch .it Oppenheim ; and the 
churches of St. Maiy at Rostock and Wism.u to Scluierin cathedral. In the 15th century 
the church at Stciv.r horiowed liom Vienna cathedral ; St Mary at Bernhurg fiom St. 
Nicholas at Zeihst and St Mauiice at Halle; Freiberg cathedral and St. Mary at Zwickau 
from St. Nicholas at Zerhst; and tlie clmrcli at Elten from St. Algund at Emtnericb. 
These cases of imitation may be desersing of attention. 

568. The general cliar.icter of the work of the first peri id is very much tlut of the 
French buildings of the stjle hut wliere the German work is jilain, it is much plainer 
than the French; and wlu re decorated, much richer. Its leminiscences oF romaiiesque 
art are more obvious in the jirofiks of mouldings, while the carvid work in capitals is 
almost an exaggeration of the tiispness of the French woik. 

569. Amongst the reiuark.dile buildings erecUd in the IfUli century may be named the 

old ])aiisb church at 
Ratisbon, with many 
romaiiesque details 
1250-6.3 or 1290- 
1300, a difluience of 
nearly half a century, 
which occurs in the 
dates given by eminent 
writers to the whole, or 
to parts, of many Ger- 
man edifices. The very 
remarkable cathedral 

2. *>3), at Halber- 
stadt has the lower part 
of the west front older than the rest of the edifice, which dates 1235-1491 ; its section 
(fff 254,) is here given as being an instance of elegant proportions that enforce admira- 
tion. The beautiful church at Opjicnheim, dedicated to St Catherine, is a Latin cross 
on its plan. The chancel is five sides, of an octagon. As in many of the churches of 
Germany, it has a second cliancel for the canom at the western extremity, terminating in 
three sides of an octigon. The entrances are on the nortli and south sides of the tran-* 
septs. From a MS clironicle of the church, quoted by MoIIcr, it is ascertained that tht 
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nare and eastern cliancd were l>egun in 1262. and finiKhed iu 1317. Tlie western Hiaiice], 
now a ruin, was consecrated 1439. The total !ength ul' the cliurch, iticlnding the two 
chancels, is 268 ft. ; whereof the western 
chancel, wdiose breadth is 46 ft., occupies 
92 ft. The nave is 102 ft. in length, and its 
breadth 86, that breadth comprising the two 
side aisles which are separated from the nave 
by clustered columns; the aisles have small 
chapels. The transept is 102 ft. long, and .31 
ft. broad. In the western front, at the ex- 
tremity of the nave, are two towers, standing 
on square bases, each uf four storys, ai.d 
crowned by an octagonal spire. Over the in- 
tersection of the transepts with the nave 
stands an octagonal tower. This building 
vras erected for Richard of Cornwall, em- 
peror of Germany, and has lately been re- 
stored. The church at Wimpfen-im-Thal, 

1262-78, is recorded as built by a Parisian 
** opere francigenq ; ^ the choir of Meissen 
cathedral 1274; the simple church of the Do- 
minicans at Ratisbon 1274-77 ; and the choir 
of the cathedral in the same city, 1275-80. 

570. The western portal of Strasburg 
cathedral was begun 1277 by Erwin von ng. 254. bkction ok cATiiiaaiAL, iiai.bkkstadt. 
Steinbacli, an architect before mentionedff^ar. 

322«) who die<l 1318, leaving unfini.shid part of the second story, which was completed by 
his son Johann, who died 1339 ; the third story is an addition. The cathedral was carried 
on under other architects till M39, since which nothing has been done towards its com- 
pletion. Among the examples of pointed architecture, this is the most stupendous. There 
is a similarity of style between it and the cathedrals of Paris and Reims, except that the 
ornaments are more minute. The plan is a Latin cross, whose eastern end terminates in- 
teriorly in a semicircle, but on the exterior in a straight line, 'ilieh ngth of the cluircii 



IS 324 ft., that of the transept 150 ft. ; the height of the vault of the nave is 98 ft. The 

nave has one aisle on each side of it. On the north-west angle of the edifice, .rises the 

spire, whose height has been very variously represented; the correct height is 466 ft., being 

greater than that of any church in Europe except that of St. Nicholas at Hamburgh, 

which is 4T2 ft. To a certain height the tower A 

is square and solid, being formed by one of the X 

vertical divisions of the western facade. Above the 

solid part, the tower rises to a certain height octangu- 

laily, open on all sides, and flanked by four sets of Tjfr" ■ 

open spiral staircases, which are continued to the ^ m 

line whence the principal tower rises conically in seven IB 

stories or steps, crowned at the summit with a species ^m^B ^1 ~ 

of lantern. John Hliltz, sen., Heckler, and John ||| JP 

Hliltx, jiin. continued this fine tower, which was only BBUB >yS^pBBB 
finished in 1439. In the interior of the church, near I aH j-J J " ITm 

one of the large piers of the transept, is a statue of the ||J W 

architect Erwin, in the attitude of leaning over the |||[ ill !■ 

balustrades of the upper corridor, and looking at J|R 

the opposite piers. The minster at Freiburg-im- 3 sS ^ 

BreisgHU, is remarkable as being almost the only IjL 

Urge Gothic church in Germany which is finished, ^ p 

and has escaped destruction. It was begun 1152, as 

appears in the romanesque transepts with their exter- ^ 

nal turrets ; the nave, west front, the tower 380 ft. high, ~t 

skilfully changed from square to octagon, with open T: 

spire, and rich porch l>elow it, date 1236-72; the ' ' 

choir (see 25.'i. ) belongs to th6 year 1513. The ' ESSjLiia B ' 

transitim, which in France dates 1250, is seen in ZE 

the west front, 1 287, of the cathedral at A gram, where ^ ~ ^ 

the choir dates 1305-19, with a Uter nave. 

571. In the second period elegance and richness navr or Miaf^TKK. 

were sought; the latter was obtained, .but the former rRui.u«o-m.BKiciM«AU. 

was lost in a 'manner which may easiest be expressed in the statement that everything 
seems to be an addition as an after thought Decoration is spread on the work : witness the 
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orockots and capitals whloli are only single leaves glued to tlieir places instead of the freely 
growing fbliage of the previous period. 

572. tn the 14th century occurred the construction of the nave at Meissen cathedral, 
1518-42; the tower and choir 6f St. Elisabeth at Kaschau, 1321; St. Mary at Prenilati, 
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1325-40; the church at Fiiccleberg, 1328; St. Lainbevt at Muenster, 1335-75; the choir 
in .St. Mary at Wisinar, 1339-54; the five-aisled choir in Prague cathedral, 1343-85; tl»e 
choir in the cathedral at Aix-la-Chapelle, 1353; and St. Maiy at 
Nuremberg, 1354-61, by G. and F, Rupreelrt. To tlie end of 
tins century belongs tire pentagonal church at Kirchheim-iin-Ries, 
with the convent’s choir in tlie western portion. 

573. The plan of the cathedral at Cologne {fg. 256.), 
exhibits a symmetry not surpassed by the buildings of 
ancient Greece and Rome. A church erected on the site of 
this cathedral in the time of Cliarlemagns was destroyed by fire 
in 1248, at which time Conrad filled the arcliiepiscopal throne of 
IIk- city ndbre fuc had destroyed tli_‘ former cathedral, this 
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private had resolved on the erection of a new churcli, so that in the year following 
jibe desiruetion of tbero]^ edificu, measitreH had been so far tukei^ that the 6rst ston«' 
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of the new fahrio was laid with great solemnity on the 14th of August, being the eve 
of the Assumption of the Blessed Virgin. Collections made throughout Europe for 
carrying on the works, and the wealth of Cologne itself seems to have &voured the hope 
that its founder bad expressed of their continuation. The initfbrtimes of the times soon, 
however, began to banish the flattering expectation, that the works would be continued to 
the completion of the building. The archbishops of Cologne dissipated their treasures in 
unprofitable wars, and ultimately abandoned the city altogether, fur a residence at Bonn. 
I'lie works do not, however, appear to have been interrupted, though they proceeded but 
slowly. On the 27th of September, in the year 1322, seventy-four years afler the first 
stone had been laid, the choir was consecrated. The works were not long continued with 
activity, for about 1370 the zeal of the faithful was very much damped by finding that 
gieat abuses had crept into tiie disposal of the fimds. The nave and southern tower 
coutinnid rising, though slowly. In 1437, the latter had been raised to the third 
story, and the bells were moved to it. In the beginning of the 16th century, the 
nave was brought up to the height of the capitals of the aisles, and the vaulting 
of the north aisle was commenced; the northern tower was carried on to the cor- 
responding heiglit ; and everything seemed to indicate a steady prosecution of the work, 
tliough the age was fast approaching in which the style was to be forgotten. The windows 
in the north aisle were decorated, thougii not in strict accordance with the style, yet with 
some of the finest specimens of painted glass that Europe can boast, a work executed under 
the patronage of the archbisliop liermann von Hesse, of the chapter, of the city, and of pumy 
noble families who are, by their armorial bearings, recorded in these windows. But witl^^ 
these works the further progress of the building was entirely stopped, about 1509, 

257 exhibits the south elevation of the cathedral, in Which the darker parts show the 
executed work. If the reader reflect on the dimensions of this cluirch, whose length is 
upwards of 500 ft., and width with the aisles 280 ft. ; the length of whose transepts is 290 
ft. and more ; that tlie roofs are more tlian 200 ft. high, and the towers when finished would 
have been more than 500 ft. on bases 100 ft wide; he may easily imagine, that, notwith- 
standing all the industry and activity of a very large number ^of workmen, the works of a 
structure planned on so gigantic a scale, could not proceed otherwise than slowly, es)}ecially 
as the stone is all wrought. The stone of which it is built is from two places on the Rhine, 
Koenigswinter and Unckel- Bruch, opposite the Seven Mountains, from boih of which the 
trans)>ort was facilitated by the water carriage afforded by the Rhine The foundations of 
the southern tower are known to be laid at least 44 ft. below tlie surface 

574. 'I’o King Frederick William III. is due the merit of rescuing it from the state ofa 
ruined fragment. During his reign nearly 50,000/. were laid out upon it, chiefly in repairs ; 
and in that of his successor, Frederick William IV,, 225,000/., more than half of which w-a* 
contributed by the King, the rest by public subscription. In 184/ lie laid the foundation 
of ihc transept. The clioir is now finished. 'Ihe late architect, Zwirner, estimated the 
cost of completing the whole at 750,000/. In September, 1848, the nave, aisles, and tran- 
septs were consecrated and thrown open ; the magnificent south portal was finished 1859, at 
n cost of 100,000/. The north portal, more simple in detail, is also completed ) both are from 
Zwirner’s designs. The iron central spire and iron roof of the nave were added 1860-62, 
and the whole, except the towers, nearly finished 1865. 'I'he faulty stone, from the Dra- 
chenfels, on the exterior, has been replaced by another of a soiiiuler texture, of volcanic 
origin, brought from Andemach and Treves. 

The height of the towers when finished will be 
532 ft., equal to the length of the church, whose 
breadth, 231 ft., corresponds with that of the 
gable at the west end. The choir is 161 ft. high. 

575. 7'he cathedral at Ulm 258.) is 
another of the many celebrated cathedrals of 
Germany : it was commenced in 1377, and 
continued, the tower excepted, to 1494. It is 
about 416 ft. long, 166 ft. wide, and, including 
tlie thickness of the vaulting. 141 ft. high. 

The piety of the citiaens of Lira moved them 
to the erection of this structure, towards which 
they would not accept any contribution from 
foreign princes or cities; neitheff would they 
accept any remission of taxes nO(r indulgences 
from the pope. Tl»e wi)ole height ^f the tower 
Is 316 ft. 9 in. ; it was 6to))ped 1492 because 
the two pillars under it, on the side next the 



FIff 358. cut CATUSPaAl. 


body of the church, gave way. Had it been finished according to the original design (still 
in existence), it would have been 491 ft. The exterior length is 4,^5 ft.; interior, 39 1 ft. 
nave and choir are partlv builf of brick, llie nave is 146 ft, lligti, and |ias twelve 
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clustered columns l>earing lancet pier-arches, without a triforium, flanked by double aisice 
on sender shafts. The main support of the roof is derived from huge external buttressesi 
Tliia building docs not preserve the regularity of form for which the cathedral at Cologne 
Is conspicuous, but the composition, as a whole, is exceedingly beautiful. 

576, Hatisbon cathedral is another fine work, of about tlie same period (Jig. 259). It 
was begun by Andreas Egl, 1275, but left unfinished in the beginning of the 16th century. 
Tlie west front is in the decorated style of the 15th century, with a triangular portal throwing 

out a pier in front so as to fonn a double archway. 



The church is .3.33 ft long, and 120 ft. high. The 
transeptal plan is only seen in tlie clearstory. At 
Vienna, the cathedral of St. Stephen’s exhibits 
another exquisite example of the style. 

.577. The history of the collegiate church of St. 
Victor at Xanten has been tolerably clearly writ^ 
ten. It is a five-aisled edifice without transepts, 
with a romanescjue tower dated 121.3. The' 
choir was commenced 126.3, the sacristy in 1356, 
by J. von Mainz, who designed, 1368-70, the east 
part of the north aisle. The buttresses and vault- 
ing were added 1417-37 ; a cessation of the work 
then occurred till H87, although we find the 
names of the master-masons T. Moer, ‘archila- 
picida,' 1455 ; H. Blankenhyl, 1470-4; and G. 
von Lolunar, 1483-7, as busy upon the nave; its 
windows were completed 1487 ; the south side 
1492 ; its vaulting 1.500 ; its buttreases 1508 ; the 
great window between the towers 1519, and the 


Fig. 309 . BATisuox cATiii.i»nAL. Hortli towcr, 1525, were designed by Johann von 


Langeherg of Cologne, 1492-1522 ; the sacristy 


and the chapter-house were designed, 1528, l)y Gerwiufrom Wesel; and the chapter-house 
with cloisters was completed, 1550, by II. Maess. 

578. In the third period there seemed to be a natural and at first healtliy revulsion ; but 


it ended in being spiky, a term which is more justifiable than ]>rismatic. Every thing that 
could be curved was bent or twisted ; tlie most tortuous forms of the fiamhoyant system are 
common with truncated ends forming stump tracery ; interpenetration abounds ; and as a 
last resource of invention, dead branches intertwined take the places of mouldings and of 
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foliage. So that in the decline a. d fall of German pointed 
art, there was a.s markedly national a character as in tliat 
of the French or the English contemporaneous forms. 

579. Amongst the .structures of the 15tli century (ex- 
cepting St. Mary at Esslingen, which will be hereafter 
mentioned) were St. Catherine at Brandenburg, 1401, by 
II. Brunshergh, with nave and aisles of equal height ; the 
choir of St. Mary at Coblentz, 1404-31, by Johann von 
Spey; the church of St. John at Werfen, 1412; that at 
Wei ssenfels, commenced 1415 by Johann Ueiniinrd ; the 
choir of St. Ileinoldat Dortmund, 1421-50, by llozicr ; St. 
Mary at Ingoldstadt, 1425, with nave and aisles of equal 
lieiglit, by H. Sclinellmeler and C. Glaetzel; St. I^u- 
renceat Nuremberg, enlarged 1403, with a choir and aisles 
of equal height, 1439 or 1459-77, by C. Heinzelmann of 
Ulin, and Johann Bauer of Ochsenfiirt, on the plans of 
C. Koritzer of Hatisbon ; St. Nicolas at Zerbst, 1446-81, 
with a nave and aisles of equal height, and with a chevet 
having nine sides externally, by Johann Kuemelke and bis 
son .Matthias; the south-west tower of St. Elizabeth at 
Breslau, 1452-86, with a wooden spire erected in the latter 
year, by F. Frobel, * zimmermann ; * the church of the 
hospital at Cues befiire 1458 ; the nave and choir of the 
church at Freiburg an der Unstrut, 1499, by P. von Weis- 
senfels; the nave of the church of St. Ulric and St. Al’ra 
at Augsburg, 1467-99; the brick cathedral at Munich, with 
nave and ai.Sesof equal height, 1468-91, by G. GankofiTen ; 
the choir of the minster 260) at Freiburg-itn-Bneisgau, 

1471-1513, by Johann Niesenberger; and the (catliedral at 
Freiberg, 1 484-1 5(X). ’ 


580. Die church of St. George at Nuerdlingcn, with its three naves of equal height and 
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length, undatower 28.‘{ ft. bigli, is extremely ciirioHs het^aiise so inAiiy of its areliiteets were 
engag^ at other places. The names are preserved of Johann Fcllier, H 27-35, of Ulm, wli^» 
built the outer church at Waildingen, completed x488 ; C. Heinzelmann of Ulm, likewise 
engaged at Waiblingen as well as at Landau, and, 1459-77, with Johann Hauer von 
Ochsenfurt at the choir of St. Laurence at Nuremherg, designed by C. Roritser; N. 
Eseller and his son of the same name, 1454-59, both o1 whom were engaged at tlje churcli 
of St. George at Dinkelsbuciil, 1450, as well as at Augsburg and Uothenburg; C. lloeflich 
and Joliann von Sal/dorf, 1457 ; W* Kreglinger, of Wurtzburg ; and S. Weyrer, who 
finished, 1495-1505, the vaulting. 

581. This passage from one building to .another seems to hate commenced in Gennany 
during the 14th and 15th centuries We find B. Eiigelberger at Heilhronn, 1480, Ulin 
1494, and Augsburg 1502-12 ; H, Brurtsbergh, of Stettin, 1401, at Brandenburg, Danzig, 
and Prenzlau ; Paul von Brandenburg at Brandenburg, 1484, and Neuruppin, 1488 ; Pi 
Arler at Colin, 1360, and Prague, 1385; IM. Boeblinger at Esslingen, 1482, Frankfurt, 
1483, and Ulm 1492 ; Johann 1430, at I^andshut, Hall, Salzburg, Getting and Strauhing* 
It is remarkable that in nearly half the cases (and the rest are douh^^hil) where the name of 
an architect is recorded, he seems to have come from another town to that in which the 
huilding he designed is erected. 


582. Fig. 261 is a house attached to the rath-haus at Munster, and much resembling it 
in style; the house dates late in the 15th century, ojr 
early in that of the 16th. We give a house in the Alt- 
markt-platz at C'ologj e ( Jig. 262.) for its very late date 
in appearance, but being entiiely free from any trace of 
transition from 11th century wuik in detail, it is easily 
attributed to the early part 
of the 12th ceiituiy. 

583. Amongst the struc- 
tures erected about the year 

1500 may be named St, 

Anne at Annabel g, 1499- 
1525; St Katherine at Ess- 
Ungen, by M. Boeblinger, 
wlio finished the church of 
St. Mary (left 1482, by his 
father Johann) ; the latter 
building was stopped 1321, 
and recommenced 1406; it 
has the \aulting-ribs of the 
three equally high naves 
carried uninterruptedly to 
the ground ; the tower, com- 
menced 1440, is considered 
to be the finest in Germany; 
the choir of St. Ulrich and 
St. A fra at Augsburg begun 

1501 ; the tower of St. Ki- 
lian at Heilhronn, 1507-29, 
by Johann Scheiner ; the 
church at Pirna, 1502-46 ; 
the church with nave and 
aisles of equal height at 
Luediiighausen, 1507-.58 ; 
the alterations and vaiiliing 
of the romanesque church 
at St Matthias near Treves, 

1513, by J. von Wittlich ; 
the parish church at Schnee- 
berg, 1516-40 ; the nave and 

poisjh of the cathedral at Merseburg, 1.500-40; the church at Anspach with three westeni 
towers, 1530-50 ; St. Mary at Halle an der Saale, completed 1530-54, by N. Hoffrnann, with 
four towers belonging to two earlier churches on the site ; and the vaulting of the nave and 
refectory at Oliva, 1582-93, by Piper. The church at Freudenstadt, 1601-8; and St. 
(leorge at Coblentz 1618, are specimens of the zttfjktilf as the German Gothicists designate 
work of the 17th century, whatever may be its imrentage. 
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ft ’ Spain. 

584. The mediaeval aichitectnre of Spain and Portugal will only be divided because the 
political division exists, it will be necessary to remtmber that the districts of Aiagon 
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Asturias, Biscay, and North Galicia were never conquered by the Moors ; that the cities of 
i^^J^HuTgos, Leon, Santiago, Segovia, Tarrag.»na, Toledo, and Zamora, were freed from them 
^ %i the lltti century ; Lerida and Zaragosa in the 12th ; Seville and Valencia in tha middle 
of the 13th ; and Granada on the 2nd January, 1492 ; that much French influence existed; 
and that the romanesque buildings of Spain show a large reminiscence of the churches 
in Northern Italy. But the remarkable similarity between Germany and Spain, in the 
progress of Gothic art, cannot be attributed to the employment of one or two foreigners. 
As in Germany, the late romanesque style was retained longer than in Fiance; and in 
both countries the phase which is termed lancet or early pointed in England and France 
did not constitute the transition from their romanesque into their decided and well- 
developed geometrical Gothic. 

585. Stone was the usual material employed for ecclesiastical buildings in the really 
Gothic or even renaissance style. The romanesque and the neo-classic builders iMii- 
ployed granite or some of the semi-marbles which the country throughout possesses ; where 
the Moresque traditions of art prevailed, rubble work with brick binding courses and 
quoins are seen ; and the distinctive feature of Spanish brickwork consists in the formation 
of patterns hy recesses and projections in total negligence of terra-cotta or moulded bricks. 
The diapering of some plastering should be noticed. Few examples of domestic archi- 
tecture of any importance occur. The window with two or more arches carried on shafts 
and forming the (yimez or aximaz of modern builders, is almost universal. 

586. Referring to the classification of structures by centuries for examples of the larger 

works of civil architecture, we regret that little attention has been given to the xery in- 
teresting class of military buildings whether fortified houses, peel towers, or small castles 
which have escaped demolition. Tiie destruction caused by the generals of Napoleon 1. 
Iias4>een followed results of the Carlist war of succession, and of the suppression of 

the monastic estahl^|Rents ; but Spain still possesses one characteristic in construction in 
the great width of n|py of the naves. Thus, the church of the dominicans at Palma is 
95 ft. wide clear span between tlie walls ; the cathedral at Gerona 73 ft ; tliat at Coria 
70 fit. 8 ins. ; that at Toulouse 72 ft, while tlie cimrehes of Perjiignan and Zamora are 
«J0 ft. The width between the centres of the columns of the nave at Palma cathedral is 




71ft.; Manresa collegiate churcli and Valladolid cat) ledral (classic) 60 ft.; while Milan 
cathedral, one of the largest out of Spain, is but 63 ft. 

5S7. Some pure examples of romanesque art date after 1175, such as a church at Benc- 
vento and the cutlicdral at Logo ; but the period of transition to pointed art must be 
placed much earlier. Thus tlie cithedral and St. Vicente at Avila, occupying in erection 

nearly the whole of the Pith century ; the old 
cathedral, cloister, and chapter-house at Salamanca 
about IJ 00 -1175; the cathedral at Zamo a 
1125-75; that at Tudela ten years later; and the. 
Cistercian abbey at Veruela 1146-51, lead to such 
works as the cathedral (except the choir, 1 103-23) 
at Siguenza ; the cistercian nunnery of Sta. Maria 
el Heal de las Huelgas, near Burgos, 1180-7 ; and 
the eastern portion of the cathedral at Lugo. 
The cathedral at Tarragona has a positively ro- 
manesc|ue apse (perhaps 1130-50), while the rest 
of tlie building is eaily pointed, and may date 
1175-1250. Thewestfiont(}?5)'.263) is partly middle 
pointed work. The centr^ portion, dating in style 
late in the 14th century, although commenc^|||iL^ 
1278, stands between the original ends of tl^lHft 
apparently executed as above inentioned.^KS 
incomplete false gable might countenance the mSl 
that a foreigner, possibly a German, had been em- 
ployed ; but in 1375 Bernardo de Vallfagona was 
the architect directing native sculptors. 

Fif 9 QS. cATUKuttAu TA.BEAooaA. 5®®* catheclrals, commenced, perhaps, 1 220 

at Burgos, 1227 at Toledo, and 1235 at Leon, 
are in the advanced pointed style of the 13th century, while the cathedral and cloisters 
at Lerida, 1203-78, miglit belong, like the earliest parts of the cathedral at Valencia, 
1262, to the previous period. It will not perhaps be ever possible to find documents 
that will contradict the assertion that the present system of placing the officiating 
choir in fixed stalls in tlie nave of the cathedrals was introduced at a late date ; but those 
who liold that it was a very early system may appeal to the plans of the cathedrals, at 
Tudela, 1135; Toledo, 1227; and ^roelona, 1298. The plans of those at Lerida and 


I'arragona are very similar to that at Tudela (/^r. 264, part of the plan given in Mr 
Street's Gvih^^^rck, in S^iotn), which affords a good example of a building arranged accord- 
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ing to S|)«nisft peciilUunties : if the capiUa mayor or chancel ever ctmtained the choir, the 
trwsept must have been blocked up. 

589. Amongst the works erected during the liUh century, there are so many which 
exhibit imuanesque work that this period might be said to be merely tiwisitional, as 
illustrated in the church of S. Pedro at Olite; the large church of the cistercian monastery 
of Sta. Maria de Val de Dios, 

1218, near Villaviciosa j and 
the bridge 1230, repaired 1449 
at Orense in two sections, that 
nearest the city having three 
arches, each 36 ft. 8 ins. span •, 
the otlier, 1213 ft. 6 ins. long, 
and 16 ft. 6 ins. wide, having 
seven arches, one of them being 
82 ft. 8 ins. wide, and another 
1 43 ft. 6 ins. span, and 1 24 ft. 

6 ins. high. Other works to 
be noticed are the cathedral, 
commenced 1 199, but con- 
tin^ied very slowly until 1258, 
ut Leon ; it is dated 1230-40 
by Mr. Street, in his work 
atiove mentioned, who notices 
that its construction, in a first- 
pointed style, was continued 
until 1303, that it failed, and 
that the outside or jamb-lights 
of the clearstory and triforium 
were filled with masonry, and 
that the south transept was 
de‘^*foyed for reconstruction 
about 1860: the fine cathedral. 201 . clan or catiikdbal, tudkla. 

1248-84, at Badajoz ; and 

the parish church (not a cathidraH at Figueras near Gerona, 

590. The succeeding great division of Gothic art is much more distinctly marked and 
more uniform throughout Spain, whilst at the same time it is even less national and 
peculiar. There are very considerable remains of 14th century works, though, perhaps, no 
one grand and entire example. They are all extremely sinri.ar in style, and more allied in 
feeling and detail to German middle-pointed than to French. 'J’wo features deserve 
record — first, the reproduction of the octagonal steeple, which was a most favourite type of 
the romanestjue builders; and secondly, the intioduetion of that grand innovation upon 
old precedents, the g'eat unbroken naves groined in stone and lighted fiom windows high 
up in the walls. 

591. As an example of the difficulty of classifying the buildings it may be observed that 
while the date of 1400 is usually given to the church at Huesca, ascril ed to Juan de 
Olotzaga, it is probable that his name might be attached only to the great portal that is 
romanesque, and cannot well be dated later than 1290 — 1300. It is pretty clear that it is 
almost all a work of the 14th century. The unusually good example of middle- pointed 
work afforded by the cloisters to the cathedral at Burgos should date 1280-1350 accord- 
ing to Mr. Street, rather than 1379-90, which is the period at which they are said to 
have been executed. The same author states that the round arches on clustered shafts of 
the porch or cloister on the south side of the church of S. Vicente at Avila might be sup- 
posed to be not later than the 13th century, were it not that a careful comparison of the 
detail with other known detail proves pretty clearly that they cannot be earlier than about 
the middle of the 14th century. 

592. To the first half of the 14th century are due the west front of the cathedral at 
Tarragona; the cloisters of the abbey at Veruela; the east end, 1312-46 (decidedly late 

. middle- pointed details) of the cathedral at Gerona; the hieronymite monastery of San 
Bartolom6, 1330, at Lupiana by Diego Martinex, now private property; and the church of 
San Justo and San Pastor, 1345, at Barcelona, which is an unbroken cbaml)er 138 ft. by 
82 ft. 9 in., and 69 ft. high. I’he widening, 1298-1329, of the cathedral, built 1058, at 
Barcelona, seems to have been begun in a first-pointed style, and to have been con- 
tinued by Jayme Fabre, 131 8-88, in a second-pointed style ; the vaulting was finished 1448. 

593. Among the works dating in the middle of the 14th century, earlier or later, is the 
church of Sta. Maria de los Reyes, commonly called Sta. Maria del Pino, at Barcelona, 
which some date 1329-1413, but others 1380-1413. This latter date is possibly that of itt 
tower by Guillermo Abiell ; the church Mr. ^reet considers must have been consecrated 
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In 135S| not 1453 as stated by Parcerisa. We mav also notice at Barcelona tlic churobAf 
Sta. Maria del Mar, begun 1328, and Hnished 1383 according to Parcerisa, but 14H3 
'according ta another authority; the two-storied cloister of the collegiate church of Sttu 
Anna ; and the crypt or panteon of Sta. Eulalia, 1339, in the cathedral. 

594. During tlie latter half of the 14th century, mention is made of the chapter house, 
135S, and north transept and cimhorio^ 1350-1400, to tl»e catiredral, and the gate called 
the punta dc Serranos, 1349-81, at Valencia; the casa consistnrial^ 1369-78, frith a new 
south fioU, 1832, at Barcelona; the collegiate church of Sta Maria do la Seo, 1328-1416, 
with a.iother clmrch apparently of the same date, but ratlier later detNii, dedicated to Sta. 
Maria del Caimen, and 47 ft. wide, at Manresa ; and tlie tower, called El Micalete, of tlie 
cathedra! at Valencia TJie towtr is here mentioned as having been designed, I3S1, and 
carried up to some height, by Juan Franc and N. Amoros before 1414, when Pedto 
Balaguci was sent to Lerida, Narbonne, and other places to 6nd the most suitable ter- 
mination that liad yet been designed; it seems to fiave been completed 1428, and perhaps 
should he consideied as belonging to the next century ; ns well as the celebrated hierony- 
mite monastery, dated 1389-1413, now a barrack and parish church at Guadalupe near 
Logrosan, by Juan Alonso ; the cathedral, 1353-1462, hut alteied 1521, at Murcia ; and 
the cathedial, commenced 1397 at Pamplona, whcie geometrical traceries occur between 
flamboyant ones, all having somewhat of late middle-pointed ciiaraeter, though tlie date 
and the detail clas^ them with the third poinud style. 

595. To the first half of the 15th century may be ascribed the cloisters, 1390-1448, of 
the cathedral at Barcelona; the university, or rather leg escuelaa^ 1415-33, at Salamanca, 
by Al. Rod. Carpintero ; the domi icon church of San Pablo, 141 '>-3^. at Burgos, by Juan 
liodiiguer, now a cavalry barrack; the arcaded pntio or couit-\ard, 1436, three stories in 
height, of the casa de la Diputacion at Baicelona, modernised 1597-1620; the nave, 
1417-58, or later, of the cathedral at Gerona by Giiilleimo Bofhy (with details of late 14th 
century character'! ; tlie liala deU drops, 1144, afterwaids Palacio de la Rema and the re- 
sidence of the captains-general at Barcelona (the four fiouts modernised, 1844); and tlie 
towers and spires, 1442-56, by Juan de Colon ia, to the cathedral at Burgos I'o the 
century itself belong great ]mrts of tlie cathedral at Seville, 265.), commenced 1401, 
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and attributed either to Alfonso Martinez, architect to the chapter in 1386, or to Pedio 
Garcia, who held that |»ost 1421. In 1462, Juan Norman was directing the works ; hut in 
1472, they bod progressed so slowly that he was superannuated, and his place wgs supplied 
by three otb^t* artists. Their disputes were referred to an umpire, Jimon, who became sole 
architect tHl 1502. The cimbono was completed 1507, and fell 1511, but was replaced 
by the present termination, 1519. The works by Diego de Riano, 1522, will be men- 
tioned at the end of this notice. The capUla real was completed about 1560, and the 
chapter-house about 1580. * 

596. To the latter half of the 15th century are due the erection of the cusa de moneda, 
1455, at Segovia ; the Castillo de la Mote, 1440-79* at Medina del Campo, by Fernando de 
Carreno; tlie church, 1442-88, attributed to JUan and Simon de Colonia, to the dominican 
ipouastery of San Pablo at Valladolid ; the cathedral, begun 1442, at Plasencia, wh^ 
eapilla mayor, 1496, was designed by Juan de Alava ; the Carthusian nunnery, 1454-88^ at 
Mirafiores, near Burgos, said to have l»een designed by Juan de Colonia ;'the eVistWs, 
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the monastery at Lupiana ; the hieronymite monastery of Sta. Maria del Parral at 
Bf^via, commenced about 1459 by Juan Gallego, and finished 1475, but the tribune of the 
eogi) pulled down because too low, and rebuilt 1494 by Juan de Uue^nga^ the franciscan 
monastery of San Juan de los Reyes, finished 1476, and next in orchiteotui^ importance 
to the cathedral at Toledo ; the greater part of the cathedral commenced 1471 at Astorga, 
in the very latest kind of Gothic, with much of the detail, especially on the exterior, re- 
naissance in character; parts of the cathedral at Burgos, ai>out 1487, such as the range of 
chapels at the eastern •end of the cloisters and of the church, inclusive of the tomb of tlie 
constable Pedro FeiDaadez de Velasco, which is quite Hamboyant, and probably executed by 
Simon de Coloiiia ; and the casa de/ AyunianiitnlOy 1496, at Palencia ; with that, 1499, at 
Valladolid. 

597. Transitional work is observable in the palace, 1461, of Diego Hurtado de Mendoza, 
duque del Infantado, at Guadalajara; the Doric columns on the ground floor of the two- 
storied }Hxtio seem to have been inserted 1570 ; anotiier transitional building is the dominicaii 
college of San Gregorio, 1488-96, at Valladolid, by Macias Carpintero, which has been 
furnished with sashed windows to render it suitable for the residence of the governor of the 
province. The octagonal cimboriu, 1505-20, of the cathedral at Zaragoza has detail that 
is very renaissiince in character; tl»e cathedral, commenced 1513 at Salamanca by the cele- 
brated architect Juan Gil de Hontanon, is a splendid example of florid Gothic with a leaning 
to renaissance work ; the first service was performed 1560 : and the same tendency is seen 
in the colegio niayor de Santiago el Zebedeo or del Arzobispo, 1521, at Salamanca, and its 
chapel by X^edro de Ibarra, which are Gotliic, with details verging in character upon its 
cloister b} Ibarra, which is entirely renaissance. 

598. For works of the 16th century, it will only be necessary to notice the bridge called 
ihopuente del Obispo, and the church of San Andres now the Colegiaia, 1500, at Baeza ; the 
if/lesia magistral de San Justo y San Pastor, 1497-1509, at Alcala de Henarcs, by Pedro 
Ciumiel ; the torro nutva or belfry in the plaza de San Felipe, 1504, at Zaragoza, desigiud 
275 ft. high (made 295 in 1749) by Gabriel Gombao and Juan Sarinena, with the Jew 
Ince de Gali, and the Moors Ezmel Ballabar and Momferriz, erected by Gombao, who, in- 
tentionally, after the first 9 ft. from the ground, gave it so much inclination for 100 ft. ns to 
make it incline 8 ft. 9 ins. to the south, the rest being upright ; the chapel and two of the 
four cloisters, 1504, to the hospital general at Santiago, by Henrique de Egas ; the cloister 
finished, 1507, of the cathedral at Siguenza; the cloisters, 1509, of the cathedral at 
Badajoz; the church of San Benito, 1499-1524, at Valladolid, by Juan de Arandia; the 
vaulting, completed 1515, to the cathedral at Huesca; the cathedral commenced at Segovia, 
1522, by Juan Gil de Hontanon (who died 1531), and continued, partly under his son 
Rodrigo, till 1593, which, as may be imagined, is consequently the last really Gothic work 
in the country; the church (of the latest Gotliic), begun 1524, to the doir.inican monas- 
tery of San Esteban at Salamanca, by Juan de A lava, who succeeded Juan Gil at 
Salamanca, 1531-37; the removal, 1524, of the cloisters of the old cathedral to the site of 
the new one at Segovia, by Juan de Campero; the viaduct, 322 ft. long, and 138 ft. high, 
with five arches, 1523-38, to the dominlcan monastery and church of Sin Publo, of the 
same date, at Cuenca, by Francisco de Luna; and the Gothic parish church, 1515-55, at 
Tudela de Duero. 

599. The next change to be indicated would be the expiration of the renaissance stylo 
during the period in which some of the preceding examples were executed. But the well 
authenticated date, 1576, of the church of Sta. Maria Madalena at Valladolid, by Rodrigo 
Gil de Hontanon, who became maestro mayor, 1538, of the eathedcal at Salamanca, and, 
1560, of that at Segovia, aad died 1577, requires the remark that it does not look so late; 
and thus becomes a most useful warning to the student, who may gather anotiier from the re- 
markable practice, 1530^ of Diego de Riunno, architect to the cathedral at Seville, who in 
that year designed and executed the Gothic sacristia de los calicea^ the plateresquc or re- 
naissance aaerMet mayor, and modem Italian chapter house. 

Portugal, ' ' 

600. For the reasons given in describing the pointed architecture of Bpain, its hiatorjr in 
Portugal will require only one introductory sentence. To the rage for rebuildinj^ which Was 
prevalent in that country, and the earthquake of 1755, must be added theraottruction 
caused by the generals of Napoleon I., as reasons why comparatively few are left^f those 
Gothic buildings which arose in the north of Portugal after -Lkbbn taken, 1147, from 
the Moors, and in the south after the conquest, 1 223-66, of Algiirve. Passing over the 
remains of pointed arcbesi, which indicate tliat the country was get^rally possessed by the 
Moors, 713-1095, and transitional structures such as the church at San Pedro de Rates, 
1095-11 12, with its hipped central tower, the cistercian monastery with many additions, 
t^gun 1122 and consecrated 1169, at Tarouca, the architect will find a few buildings 
be^gii^ to tlie ISth century or lather earlier, such as the bridge at Barcello ; the cloisters 
and ongiDfX parts of the modernised cathedral at Oporto ; the church of' San Francisco, 
ana part of that of Sta. Maria de MarvUla at Santnrem ; and the earliest cloister of tlie 
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Tomplart, wUh the church of Nossa Senhom dos Olivacs at Thomar ; the latter has a de<* 
tached rcmanesque tower and windows, filled with pierced slabs of stone. 

601. Works whicwh positively belong to the Ifith century are the church of San Pedro 
at Celorico, about 12H0 ; the parallel triapsal church of San Francisco, 1258-80, at Oporto, 
with its choir-gallery occupying the two western bays of the nave ; the walls and towen 
with castle and church at Freixo d*£spada a Cinta, 1279-1825 ; the castle at Beja, 1279.- 
1328, which has three (two being vaulted) octagonal stories in a square towt r, 120 ft. in 
height; and the remarkable choir of the church at Thomar, with its altar under an 
octagonal canopy, and an aisle of sixteen sides, erected before 1279. But above all these 
is the weU known chift^ch of the monastery at Alcoba9a, which, after its neighbour at Batalha» 
is usually regarded as the most interesting building in Portugal. 

602. The original church built at Alcoba^a, in memory of the capture of Santarem, was 

erected 1147-51, and rebuilt 1578-80; but the celebrated church of the cistercian monus-, 
tery dates 1 H8-1222, and is said to resemble so much the church of the abbey at Pontigny 
as to be manifestly the work of a French architect. In this church, which is S60 ft. long, 
and at least 64 ft. high, there is neither triforium nor clearstory ; the pier-arches are re- 
markable, therefore, for their height, us also are tiie aisles, which are as lofty as the nave. 
Tlie transepts are also aisled ; and the presbytery or apse, the Portuguese charola, is 
semicircular, with nine chapels, but was modernised about 1770 by W. Elsden, an Eng- 
lishman. To the east of this is tlie sacristy, 1495-15‘il, which is about 80 ft. long and 
38 ft. wide. ITie western front with two towers was wltered in the 16th century ; but tlie 
original doorway of seven orders remains. The bonfires placed by the French in 1810, 
round tlie piers of the church, caused the bases to be reduced to lime for a depth of 6 or 
8 ins. The manner in which the restoration of this structure was directed, since 1850, has 
been commended. In a chapel attached to the south side of the western transept are the 
tombs of (ob. 1223), and Alfonso 111. (ob. 1279), with their queens; but 
those of 1367) and Ignez de Castro, with straight sided arches, are among 

the finest^^^Hpens of that period. The monastery, almost destroyed 1810, and now 
principallyTRRl^as a barrack, was 620 ft. in width, by 750 ft. i.i depth, and contained five 
cloisters ; the guest-hou^ was at the north-west end ; there were seven dormitories. The 
kitchen was 100 ft. longTby 22 ft. wide, and 63 ft. in height to the vaulting ; the fireplace, 
which stood in the centre, was 28 ft. long and 11 ft. wide, with a pyraraitUl chimney sup- 
ported by eight cast-iron columns. 

60.3. rhe list of works executed during the 14th century is even shorter. It includes, 
besides the cloisters of the dominican monastery Ouimaruens, the facade of the moderi\ 
cathedral at Lamego, the magnificent ruins of fihre castle at Ourem, and (for they mr.y I 
added here) the triangular castle at Obidos, 1279-1325, the castle at Almeida, 1279-1521, 
the cistercian nunnery at Odivellas, 1305, the castles at Arrayolos and Estremos, 1306-8, 
the remarkable fortified tower and church of the formerly double benedictine monastery at 
liC^a do Balio, 1336 ; the restorations to the cathedral at Lisbon, including the capella mor or 
choir, rebuilt 1344-57, and the western front 1367-83; the church of San Francisco (styled 
the most beautiful in Portugal) at Abrantes; and tha church of Nossa Senhora da Oliveira 
at Guimaraens, commenced 1387 by Joao O^re, ha^ihg a detached tower with a low spire. 


Fijt 'ilMJ. CllUltClI AT BATAI.IIA; AXD Flu 207. 80U11I KUOST Tlllt MAUSOLKCU OF KINO 

604. lo these may be added the work that is usually taken as a type of Portuguese 
pointed architecture, the dominican monastery at Batalha, founded in memory of the battle 
of Aljubarrota, 1383. It was commenced 1388, and continued till 1515, Tije.origmal 
church (,%. 266.), finished l>efore M16 by D. Hacket, or Otiguet, must be ascribed to 
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ilie talents of A. Doininpties, who died bcfvire I‘f02. It is Q66 (t long, and 90 ft. higlv 
with no triforitun ; the )Her arches are 65 ft. high, and tlie aides rise to the same height ; 
the pMn may be culled crucifornn pnraliel pentap^d. The material is mot white marble os 
generotlj ref orted, but the local calcareous sandstoite* which externally has obtained from 
the weather a picturesque yellow tinge, but when broken displays its original greyeolour. 
Hie manner in which the restoration since 1840 was directed has been praised. 

605. Hie capeUa do fundtidor (Jig. 2617.), or of Kii^ John (l on the plan, >6^. 268.), 
attributed to D. Hacket, or Ouguet, is 66 ft. square, with a central richly vaulted lanttSm 
40 ft. in diameter, resting on eight arches; its spire whs destroyed in 1745. Ttie tomb of 
the founder and of his wife, Piiilippa of Lancaster, which occupies Ctie centre, is less rich 
than the four canopied recessed tombs of their younger children, 1442-60, On lbu.soutb 
side, 'i'he small cloister (since part of a barrack) and the elegant chapteiwhoiiae are 
ascrihod to 14.38—81, and may haie been designed by M. Vasquez, wlio died heftire 1448^ 


e 
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or to F. d’Evoro, who died after 1473. The chapter4|«nse (o) opens to the great cloister 
(ii) that is considered to have no. rival in Europe for ntjtinom and variety, or extravagance 
of the foliage^ tracery, and mullions ; these are even exceeded hy the three-staged enclosure 
(s) for the fountain. The cloister is 180 ft- square, and dates 1495—1521 ; it must be 
ascribed tO the elder M. Fernandez, who died 1515, leaving unfinished the capella de 
iJasigo (p), whici) would have paralleled perhaps internally, the chapel of Henry VII. 
at Westminster, in purpose, locality, position, completeness of style, and luxuriance of 
decoration. The chapel is an octagon, with seven oratories, having six-sided closets (qq) 
between them and thfe entrance (k) to the vestibule i its completion might perhaps have been 
assured if the king hod not found his architect, the younger M. Femandea, occupied in 
erecting the clearstory over the entrance doorway (k) with balustrade and semicircular 
krehes. The works wefe stopped till another flamboyant architect could be found ; they 
have not yet been resumed. A small spire, at the west corner of the north transept (c)» 
which was destroyed by lightning about 1830, has been rebuilt 
606. ** Such is the history and arrangement of this essentiwlly Gothic building, but 
altogether unlike any particular stage of the northern Gothic, in feet it commingles the 
tatures of all its varieties. Hic pillars arc clustered, of the very best early Gothic section, 
^ith floriated capitals, but with square bases and abaci It is a confusion of Gothic forms 
^ff 00 iges and eountriei ; and yet; if we except the square abaci, evvry feature is pure, and 
Atott Of them good, b their respectiife stylea; and after all there is no si^ real ineonsif 
•Obey betwacn any two stylea of Gothic at to render their mixture oflTensiTe to any but- • 

8 



959 


HlSTOttY OF ARCHITECTURE, 


B<Mik I« 


t<K;hi>1cti! eye. To deny the church of B«Ulha to be beautiful, because It confuses forms 
which in France or England belong to different centuries, would be the merest ped^try ; 
no one but the driest arclisologian would quarrel with a building for a skilful application 
of some incongruous feature, though it might historically belong to some other age or 
country. At the same time, this very confusion shows a lack of original genius, and proves 
llatalha to be, what antiquarians are fond of calling modem churches, imUation Gothic. It is 
not the spontaneous effort of native skill, but the mere result of eclecticism.'* These 
remarks, taken verbatim from Mr. Freeman, have an important bearing on those sections 
of this work which are devoted to Italian and Sicilian pointed architecture. 

‘ W)?. If the tower of Don Duarte at Viseu, and the Villa do Infante at Sagres ran be 
placed early in the 15th century, they hardly redeem that age from tlie charge of exhibiting 
no structure ""of importance except Batallm. Even the flamboyant church, 150 ft. long 
with embattled tower, at Caminha. 1448-1516, and the similar clothing of the romanesque 
cathedral at Brasa, may l)e referred to that style of King Manoel, 1495-1521 : to which 
lutist 1^ ascribed the sacristy at Alcoha 9 a; the royal chateau at Almeirim; the fort of 
San Vicente, and the monastic buildings at Belem ; the restoration of the hieronymite 
monastery of La Pena at Cintra; the church of San Francisco at Evora; the rich facade 
of tlie church called the Concei^ao Velha, by J. I’otassi, with the restorations and additions 
to the church of Santa Maria de MarvUla at Santarem ; the octagonal stone spire (rare in 
Portugal) to the church of San Joao Battista at Thomar; the church, 1506, with renais- 
sance additions at Alcantara ; and the church, chapter-house. and cloister of Santa Crux 
(nsciilied to a French architect), with part of the university and the bridge at Coimbra, 
'i’he chapel of Santa Caterina with the palace, 1521-57, and tlie additions, 1495-1578, to 
tiie church at Coimbra exhibiting the richest flamboyant style merging into the renaissance 
work *, the magnificent dominican monastery at Ainarante, 1540, and the modest cathedral 
at, Miranda do Douro, 1545, and Montalcgre, 1554, might close the list of structures 
belonging to (he imitation, or rather the adaptation of Gothic architecture, which does not 
appear to have been mure successful in Portugal than in the rest of Southern Eurojie. 

paltf. 

608. An attempt has been made to divide the pointed architecture of Italy into well- 

defined schools: the Venetian is supposed to carry its character in its name, and to 
influence the district betw*een St Mark's and Brescia; the Lombard is styled a pursuit of 
the exuberant variety of French and German Gothic ; the 'I’uscan is characterised as 
having two phases, the earlier simple, and the later extremely beautiful ; and the Genoese 
is called a direct imitation of Arabian art Besides this unsatisfactory view, each great 
monastic order is said to have professed a particular variety, of course differently treated 
according to each district. To these the singular style peculiar to the Riviera the 
cathedral at Yintlmiglia) has to be added. We should prefer to this another system which 
sees only two schools, one being native simplicity, the other extreme decoration brought 
from Germany, if there appeared any grounds tor l^licving in this division of a style which, 
in its early period, is, like the early German, not very definite, and which had no phase 
resembling the perpendicular or the flamboyant. As a philosophical inquiry into the 
details of the edifices called Gothic, in Italy, the labours of Professor Willis have not yet 
been superseded ; hut we gather, from various pages of Mr. Street's work, Brick and 
Marbie Architecture in Italy in the Middle Ages, the following list of Italian Gothic details* 

609. This consists of the trefuilcd arcade used as an ornament for strings, for flat and 
raking corlwl taldes, and under sills; the great projection of the sills; the marble shafts 
with square capitals, instead of moulded miilHons; the rows of tufts of drooping foliage 
(somewhat resembling French and German work) in the capitals; the classical character 
of the carving ; tlie traceried transoms ; the combination of geometrical tracery as well as 
of tiefoiled ogee arches with the semicircular arch ; the use of the keystone, frequently 
slightly decorated* to pointed arches; the square-headed panel by which the arches are 
surrounded ; the use oS iron ties instead of the buttress ; the rarity of the dripstone in 
brickwork; the peculiar crockets and finials of canopies; the masses of wall scarcely, if at 
all, broken ; the buttresses reduced to pilasters ; the single gable to nave and aisles of the 
churches I the deep cornices without parapets; the low relief of tracery and carving; the 
squareness, with flatness, of mouldings; the employment of porches entirely unknown 
across the Alps ; the use of the glass in wooden frames behind the stone work ; the 
leiniplioity of groining ; and the great width of pier arches. 

6ia It may be said that in Venice, as generally throughout the north of Italy, the 
pointed arch was first used in construction, and some time later, and very generally, ip a 
modified form for decoration also, yet in (bat city it is rarely used, constructionally, except 
in churches; and even wlien employed the ogee arch was, from a very early data, preferred 
prliarever the pure pointed arch was not indbpensable. This fact is seen luAg. 269, wldch 
sliou^ the palace called the Ca Contorini Fasan, situated on tlie grand canal opposite the 
church of Sia. Maria della Salute; it is conddered to give tlm only specimen in Venice of 
• traceried iialconj. 
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611. If tltere be no^diacrepaney between their dates and their details, the Iroiatto at 
Como, 1 2 15, and the monastic buildingsof San Andrea, with the hospital nt Vcrcel I i, founded 
12 19-24, by Cardinal Guala Jacopo Bicchieri, must be considered to commence the Gothic 


buildings in Italy, At Como, however, round 
arches are seen over pointed ones. At Vercelli, the 
exterior of the church is romanesque brickwork with 
81 one dressings, wlnle the interior is decidedly a spe- 
cimen of early pointed art. Some writers assume 
that th 3 design was furnished by the lirst abbot, Tom* 
.maso Gallo, and suppose that he was a Frenchman 
{yallutt), taken to Vercelli by the Cardinal, who. 
fiaving been legate in England, 1216-18, and leaving 
that coufitry witii 12,000 marks, is supposed to ha\e 
obtained the design there before he negotiated at the 
German court in the course of his return to Italy ; 
ntliers say that he sent a model from England. 

612. The church of San Francesco at Assisi was 
erected 1228-MO, by a German architect named Ja- 
cobus ; tl e aisles being added soon afterwards by 
F. da Campello. This structure has attained the 
character of being the most pet feet specimen of Gothic 
art in Italy, and therefore ^ superior to Sta. Chiara, 
erected 1253 by Campello in the same city. It is 
one of the most singular churches in Europe, as. iti 
possessing a crypt discovered in 1818, and enlarged, 
1820 by Brizi, it forms a sort of three-storied church. 
The middle churcli was built 1228-32; the upptr 
church, a magnificent work, built 1232-53, is now 
only used on a few capitular and ferial occasions The 
low-pitched roof was placed 1447-70, and the massive 
buttresses were added 1480 by Pintelii, to prevent 
the threatened fall of this valuable example of eaily 
art. 



613. Much uncertainty exists in the early dates fi* ses. bousb at vksicb. 
given to the broUstto at Monza, 1152-92; the broktto 

at Brescia, the end of the 1 2th century; the church to San Francesco, 1225, at Ceni 
(or Cuneo); the fair example of pointed art, San Francesco at Terni, begun 1218, but 
not completed until 1265; and the yellow brick church of San Antonio at Padua, 
1231, with its attempts at domes by N. Pisano. But in the middle of the I3tlj cen- 
tury were commenced, by himself or by his school, the brick churches of Saiiti Gia\anni e 
Paolo, of the Madonna del Orto, and of Sta. Maria Glo- 



riosa de* Frari (the ftiiest of its class) at Venice. The 
churches of Sta. Caterina, finished 1272, by G. Agnelli; 
and of San Francesco at Pisa ; the imposing specimen of 
It^ian Gothic furnished by the cathedral. at Arezzo, con- 
tained in the design, 1256, of Jacopo or I^ipo, 1275-90, 
by Margaritone (not Marchione) ; the western front of 
the church of San Salvatore at Pistoia, 1270; the churches 
of San Domenico, 1230-94, by Maglione, and of San 
Francesco (apparently call^ by Professor Willis the 
Servi), 1286—94, at Arezzo ; the transepts, 1288-1342, by 
B. Bragerio and G. de Camperio to the cathedral at 
Cremona, with the upper part, 1284, of its campanile ; the 
foro de* Mcrcanti, 1294, at Bologna ; the churches of San 
l^mraico, 1284-1380, and of San Francesco, 1294* at 
Pistoia; the church of San Francesco, 1295, and the 
ra9ade, 1284-90, as well as portions of the cathedral at 
Sjena( which is remarkalile fbr having the baptistery under 
the choir), date between 1270 and 1300. 

614. The style of domestic architecture of the 13th 
century is seen in many houses at Bracoiano, at Cometo. 
at Fraaeati, at Galera, and at Lucca ; also the building 
catt^ La Quarquonia at Pistoia, with two bouses of 
similar dat^ nearly opposite ; and in the third cloister of novn at vitbsuo. 

the monastery ot* Sta. SeoUuitieaat Subiaco. The bonse in flp. 870, known at Viterbo as 
ti? * *HP*^***^^** belor^gs to the 1 8th century, and is here given for comparison with 
Wter ^Mmplei The sketdi of a Imuse bdonging to the ISth, or perhaps even to the l8tb 
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eeiitury, at Pisa {Jig* 271), exhibits the local peculiarity of three stories, composed really, 
or in appearance, by three piers and two arches. This is common. A fourth story 
sometimes shows its windows under the arches ; but generally is an independent addition 




to the design. At the level of each 
floor are ptit-log holes for the 
wooden cantilevers of the haIeonie.s 
perhaps more properly the 
or ))cnt>hoiise roofs, which will be 
notietd m the examples from San 
Gimignano. The palazro Buonsig* 
nori at tlie end of the via di San 
Pietro at Siena belongs to the 
brickwork of the 13th century ; 
thefa9ade is about 56 ft long, and 
Fig «7S fci.KVATi0N or TUB PALAXSCO I.eoNsuJ^olM, sihNA ct>nsis|s, Oil cacli upptr floor, of 

seven Imys, four of which are given 
JiO 272. A fountain in the 
pia/za Carlano at Viterbo might 
serve as a tipe of several others 
designed in this century. 

615. To the end of the 13in 
andeaily part of the Hth cenfii- 
ries belongs the cathedral at Or- 
vieto, one of the most interesting 
examples of Italian Gothic, and an 
instance of the use, internally as 
well as externall>, of altcrnaic 
courses of colour, which in this 
case is produced by black basaltic 
lava and yellowish-grey limestone. 
Although the first stone was laid 
1290 for the execu ion of a design 
by Maitani, wlio had just com- 
pleted the front of the du,>mo at 
Siena and built ihis cathedral ( fig, 
273.) before his death, 18.30, the 
works were in hand till tlie end ol 
tlie 16th century. A list of thirty- 
thri^ architects has been preserved. 
The building is 278 ft. long by 
103 ft. wide, and 115 ft. high to 
the plain ceiling, made 1 828, which 
r^s on piers 62 fr. high. These 
_ piers are fronti d by statues of 

, ... — ... or Tu« catubdiui., ofnrigro.* ****'^’^ ** •po«t1e8,9 ft, 6 in. hi|^,on pedestalu 

«oor <^the navr, which i* tnnde of Apcnniiie red mIrble*tUt *htt 


auevATtoy or tu« catubdiul, ohvieto. 
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before the choir. The windows have coloured glass in the upper patts, but diaphanous 
alabaster below it. 

61G, To the same period belong the church of Stn. Maria sopra Minerva, at Romo, tlie 
only pointed edifice which we can name in that metropolia; and the principal ezampK'S of 
pointed art in Florence, such as the church of Sta. Maria Novella, 2278-1357 ; the church of 
Sto. Croce, 1294, used 1820, but not consecrated till 1442; thec^hedral, 1294, consecrated 
1436, with the campanile, designed 1332, by Giotto; the chuKh of San l^rcoiano, by 
Bevignate, 1297-1335, at Perugia, with that of Sta, Giuliana, 1292, outside that city; the 
octagonal baptistery called San Giovanni Rotondo, 1337, and portions of the church of San 
Francesco, 1294, at Pistoia ; and the (then altered) brick and stone church of San Fermo 
Maggiore, at Verona. In the first half of the 14th century, the Italian aitists exhibited 
tiieir ideas of .Gothic work in tiie chapel of Sta. Maria deirArena. 1303, at Padua; the 
alterations, 1308-20, of the interior of the cathedral at Lucca; the cathedral, 

Prato, which has the effect of a northern late pointed structure ; the fine cathcdra4 
tnd the church of San Secondo, at Asti; and the churcli of Sati Martino, I3SS4 
whic’ii is a fair specimen of common late Italian Gothic. 

617. The large number of tombs and monuments of tliis and the next period, with pointed 
arches, renders difficult any choice of single examples among them ; tiiose uf the Scaligert, 
at Verona, especially that of Mastino II., 1351, contain a history in themselves. 

618. To the latter half of the 14tli century may be attributed the marble front, in grey 
and yellow courses, l)y Matteo da Campioiie, (a very fine example) l)eforc 1396 to the brick 
cathedral with particularly good detail, more than usually Gothic, built 1290-1390, at 
Monza; the palazzo della comunita, 1294-1385; and the palazzo pretorio, 1357-77, at 
Pistoia, which have been highly praised as fine specimens of very perfect Italian Gothic; 
the cathedral, 1 3 1 5-1415, at Sarzana ; and 1340 to 1369-1 423, the upper portion or sa/u dtl 
coHsiglio of the ducal palace at Venice, although another authority considers that the work 
of this period was the loggia towards the canal and twelve columns on the piazzetta. 

619. 'J'he general design of the existing cathedral at Milan is also of this period, although 
extreme doubt exists as to the date of the commencement of the work. But the statements 
are clear that the capitals of the great piers were being prepared, 1394-5, and^that the 
piers themselves were being erected 1401. 'Ilie records of the wardens of the church are 
deficient until 1387 ; in that year an official paper speaks of the building which “ multis 
retro temporibus initia^a est et quae nunc fabricatur.” Chronicles and an inscription concur 
in fixing March 15, 1386, as the date of commencement; but Simone da Orsenigo. probably 
an eye-witness of the facts to which he is evidence, stated that the work was begun May 23» 
1385, but was destroyed, and that the existing structure was commenced May 7, 1387. He 
was employed as one of the architects at least as early as December 6, in that year. So 
that the date, 1336-87, usually given, as in the pievious editions of this book, is possibly the 
period of attempts to begin the work, and explains the phrase “ multis temporibus.” The 
cathedral has been much praised as an example of northern art modifying itself to suit the 
southern climate under the hands of a German or, at all events, of a foreigner rather than 
of a native ; but facts seem to destroy this imputed credit. 7'he official list of the '‘in- 
gegneri,” as the chief artists who laboured at the duomo were called, shows the earliest 
employment of foreigners in the case of Nicolas Bonaventure, of Paris, from July 6, 1388, 
till his dismissal, July 31, 1.391; and the same evidence seems to divide the merit of the 
earliest direction of the worKs between Marco and Jaco(% both of Campione, a village 
between the lakes of Lugano and Curno. The first name in the records of 1387 is tliat 
of Marco, supposed to be the Marco da Frlsone who was buried July 8, 1390, with great 
honours; Jacopo occurs March 20, 1388. having appaiently been engaged from 1378 as 
one of the architects to the church of the Certosa, near J*avia; he died 1398. 

620. The official notes of the disputes that were constantly arising between the contem- 
poraneous " ingegneri-generali ” and their subordinates, and the foreign artists, even record 
the fact that the Italian combatants disagreed on the great question of proportioning the 
building by the foreign system of squares or by the native theory of triangles. If there 
be any merit in a work tliat was so clearly the oflfspring of many minds, much of it must 
be due to the wardens, who seem to have ordered the execution of little that was not re- 
commended by the majority of their artists, or, in case of an equal division, by an umpire 
of reputation from some other city. From 1430, the names of Filippo Brunellesco and 
six or seven other artists precede the notice, 148.3, of Johann von Gratz, wJio appears to 
have be^n invited for the purpose of constructing the central tiburio or lantern. As usual, 
the foreignePs work was condenmed ; and April 13, 1490, Giovanni Antonio Omudeo 
(Heinrich von Gmiinden, employed so early as from Dec. 11, 1391, to May 31, 1392, was 
cwfused witli Omodeo by M. Millin, whence the repute of Heinrich as “ Zamodia ”), began 
his long rule over the other artists, which lasted until August 27, 1522, by executing 
the present work. It is needless to give the names of his colleagues and successors until 
the appointment of Carlo Amati, 1806. under whom the eompletion of the works, including 
the tbrtte pointed windows of the front, was resumed, and of his successor P. Pe&tagalli, 18 13. 


1312, <4 
1325 
Pil 



HISTORY OF ARCHITECTURE. 


Book I, 




621. The calhedral 274,) is constructed of white marble. Tlie plan is a LatiO 
cross, the transepts extending but little beyond tlie walls of the church. From west to east 

its length is 490 ft. and its extreme 
breadth 29.5 ft. The length of the five- 
aisled nave is 279 ft. and its width 
1 97 ft. 'file transepts are three-aisled 
The eastern end of the church is ter- 
minated by three sides of a nonagon. 
'I’he architecture of the doors and 
windows of the western front is of 
tlie Italian or Homan style, and was 
executed about l(j58. for the first 
three bays of the nave were an iiddi* 
tion in front of the original fa<^de, 
and were not vaulted until 1651—69, 
About 1790 the wardens deter- 
mined to make the front Gothic, 
keeping the doors and windows by 
Hiechini, from designs by Pellegrini^ 
on account of the richness of tlieir 
workmanship; its apex is 170 ft* 
from the pavement, 'Fhe central hut* 
tresses are 195 ft high 'I’lie central 
tower, 1762-72, by F. Croce, risen 
Fi«. 274. CATiifcDitAL AT milax. ^qq ^ |)eing in 

general form similar to those which appear in the western fsi^'ade. All the turrets, but- 
tresses, and pinnacles are surmounted with statues. The roof is co\ered entiiely with 

blocks of marble fitted together with great 
exactness. 

622. The only town in Italy which has 
preser\ed so many as twelve of the me- 
diaeval domestic towers of great height, is 
S.in Gimignano ; it possesses, also, sevi^ral 
bouses that were erected in the 19tli and 
Hth centuiies. The casa Ruonaccorsi, 
with a single opening on the giound-fioor, 
is a corner house and is attiibuted to the 
earlier period ; the easa Boni is next to it, 
and belongs t > the liter time ; they are 
shown ill Jig. 27.5, which is too small tc 
express the bandings of red and white 
brickwork, and the stucco border to the 
extrados of eaeli arch ; the penthouse rooisi 
here restored, were suppressed in the 14tli 
century. The village of Coccaglio between 
Bergamo and Brescia, is said to contain 
some valuable remains of domestic aiehitect 
tine. 'I he Venetian pal .ces of this and tbo 
foil )wing centiny have been so efficiently 
illustrated of late years, that it becomes 
unnecessary to describe their appearance. 

623. Many architects have been engaged 
upon the inaible cathedral at Como; ftoni 

1396, when L. de* Spazi was employed, down to the last century. The cupola or dome was 
complete d about 1732, by Juvara. Thethiee doors are in the richest Lombard style, and 
hence the rest of the facade {.fig. 276.) has been called eaily Italian Gothic; but it was 
designed, 1460, by Lucchino da Milano, and completed between 1487 and 1526 by Tv 
llodario, of Maroggio, whose design for other parts was altered, perliaps not improved. By 
C. Solaro. The other sides of the exterior are renaissance wmk by llodario, who added 
the canopies for the statues of the two Plinys, in the west front The transepts and choi^ 
internally are renaissance ; but the nave and aisles are Italian Gothic. 

624 Amongst the structures produced in the 15th century, may be named the church ol 
Sta. Maria della Grazie, 1399-1406, about six miles from Mantua; the l>eautiftil catliedral^ 
14.50, at Prato ; the equally fine church o^Sta Anastasia, at Verona, wliich hasl>eeu c4lled 
the noblest of the distinctively Italian pointed churches in the north of Italy ; that of Sait 
Bernardino, 1452, also at Verona; and the cathedral, 1467, at Vicenza. The cliurdi of 
%iu Agostlno, at Bcigaino; tlij highly interesting, bicause perfectly untuuclii.- 4 i, caatli? at 
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Bmcciano ; the ^^ade end cortile of the palace of Cardinal Vitelleschl, now Uie h^Ul 
pala^aaceiot at Cometo ; the west front of the church of Sta. Maria in Strada, a moat 
elaborate work in brick and 
terra-cotta, and the chtiroh of 
the dominicant, at Monra; all 
lielong to the last period of 
Italian Gothic. The nave of the 
church of Sta. Maria delle Graaie, 
at Milan, is pointed, and date^l 
1465, while the transepts and 
choir are thirty years later, and 
are renaissance work. The 
church of Sta, Maria Mag* 
giore, at CitU del Csstello, Im> 
longs to the 1 5th, but was 
finished in the 16th, century, 'i'he 
church of San Agostino, at An* 
cona, is transitional ; like that 
at Montenegro, 1450; and that 
of the Madonna di Monte Luce, 
at Perugia. The last idea of 
Gothic art absorbed by the new 
style, is seen in the Colleone 
chapel, 1475; and in the church 
of Sta Maria Maggiore, at 
Bergamo, where the saci isty, 

1430, offers one of the earliest 
dated examples of the modern 
style. There is scarcely a street 
in Citti della Pieve without 
numerous cases of pointed door- 
ways and windows walled up kucvation ok catubouai., como. 

to suit the return to what are commonly, but incorrectly, called classical notions. 

625. Such are the chief structures in the northern half of Italy, of which a critic so 
highly esteemed as Professor Willis does not hesitate to affirm that, ** there is in fact no 
genuine Gothic building.*’ The same author observes that, it is curious enough that in 
the Neanulitan territory, in Naples especially, many specimens or rather fragments, of good 
Gothic buildings are to be found which were executed under the Angevine dynasty, 1266- 
14.}i|4 with this exception I do not believe that a single unmixed Gothic church is to be found 
in It^y.” Others follow his judgment, and accept, as specimens of imitative Gothic art, edi- 
fices which they themselves describe as impure and heterogeneous, and impressed with th«i 
stamp of classical, romanesque, byzantine, and Saracenic Influences. To this praise of the 
churches may be added that of two or three palazzi at Naples; the campaniliat Amalfi, and 
Velletri; the castles at Andria, Castellamare, and Teano, some houses of the 14th and 15th 
centuries, at Aqiiila, Popoli, and Solmone, with the aqueduct at the latter place; and the 
monastery of Sta. Catherina, at Galatino. 

626. The cathedral at Trani must be regarded as falling within the ban under which the 
structures termed Gothic,’* in Sicily, are regarded by tlie purist in archaeology. Tlie 
pointed byzantine style, which is called Siciilo* Norman, lasted until 1282; it was transi- 
tional in the sense of receiving greater enrichment of a Greek character, until the end of 
the 14tli century; and although further change began in the 15th century, taste did not 
take any decided direction until the establishment of renaissance art. M;. Gaily Knight, 
who investigated the indications presented in the great work published by Messrs. HittorfF 
and Zanth, says that ** various novelties were attempted ; sometimes the forms were circular, 
sometimes squat e, and sometimes elliptic. Amongst other novelties, the pointed style of 
Uie north was introduced, with its projecting mouldings and a little of its tracery ; but later 
in Sicily than anywhere else ; and though something of its true spirit is caught in the re- 

* constructions of Maniaces, in Syracuse, yet in Sicily, it always appears an exotic.** I’hese 
ffict^ seem, to Mr. Freeman, to prove incontestihly that the pointed style of Sicily, of that 
portion of western Christendom in which the systematic use of the pointed arch first occurred, 
is not Gothic even in the sense of being the most distant transition. A few churches and 
IMilaces at Palermo, Syracuse, and Taormina, of the 14th century; and in the same cities, 
with Girgenti and Messina, of the 15th century, would be nearly all that could be named 
aa important examples before the renaissance was employed. The date, 1592, however, 
appears to be that of the elliptic arches, groined roof, and flamboyant parapet at the entrance 
to the church of Sta. Mar It della Catena, at Palermo. 

^27-873. We here, with regret, leave the aubject, because we have already tresqiassed 
beyond the limits prescriliecL 
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MATHEMATICS AND MECHANICS OF CONSTRUCTION. 


Sect. I. 

OEOMETRY. 

87^ Geometry is that science which treats of the relations and properties of the boun- 
daries of either body or space. We do not consider it would be useful here to notice the 
history of the science; neither is it necessary to enter into the reasons which have induced 
us to adopt the system of Rossignol, from whom we extract this section, otherwise than to 
state that we hope to conduct the student by a simpler and more intelligible method to 
tirose results with which he must be acquainted. 

I'he limits of l)ody or space are surfaces, and the boundaries of surfaces arc lines, and the 
terminations of lines are points. Bounded spaces are usually called solids, whether occupied 
by body or not ; the subject, therefore, is naturally divided into three parts, — lines, surfaces, 
and solids; and these have two varieties, dependent on their being straight or curved. 

, 875. Geometrical inquiry is conducted in the form of propositions, problems, and demon- 
strations, being always the result of comparing equal parts or measures. Now, the parti 
compared may be either lines or angles, or both ; hence, the nature of each method should 
oe separately considered, and then the united power of both employed to facilitate the 
demonstration of propositions. But the reader must Brst understand tiiese Definitions. 

1. Afodd is that which has length, breadth, and thickness. A slab of marble, for 
distance, is a solid, since it is long, broad, and thick. 

A surfece is that which has length and breadth, without thickness. A leaf of paper, 
though not in strictness, inasmuch as it has thickness, may convey the idea of a surface. 
8. A line is that which has length, but neither breadth nor thickness. As in the case of 
a surface, it is difficult to convey the strict notion of a line, yet an infinitely thin line, 
tm « hair# niay convey the idea of a line : a thread drawn tight, a straight line. 

4. A point is that which has neither length, breadth, nor thickness. 

5. If a line be carried about a point A, so that its other extremity 
passes from B to C, from C to D, &c. (fiff. 223. ), the point B, 
in its revolution, will describe a curve^ BCDFGLB. This 
curve line is called the circumference of a circle. Tlie circle is 
the space enclosed by this circumference, llie point A, which, 
in the formation of the circle is at rest, is called the centre. 

Tlie right lines AC, AD, AF, &c. drawn from the centre to the 
circumference, are called radii. A diameter is a right line wliich 
passes through the centre, and is terminated both ways by the 
circumference. Tlie line DAL, for example, is a diameter. An 
arc is a part of a circumference, as FG. 

6. I'he circumference of a circle is divided into 360 equal parts, called degrees / each degree 

is divided into GO parts, called minutest and each minute into 60 parts, c^led seconds.. 
7* Two right lines drawn from the same point, and diverging from each other, form tax 
opening which is called an angle. An angle is commonly 
expressed by three letters, and it is Msual to place iii the 
middle that letter which marks the point whence the 
lines diverge; thus, wc say the angle BAG or DAF 
(fig. 224.), and not the angle ABC or ACB. 

8. Die magnitude of an angle docs not depend on tlie lines 
by which it is formed, but upon their distance from each 
other. How far soever the lines AB, AC are continued, 
the angle remains the same. One angle is greater than 
another when the lines of equal length by which it is 
formed ore more distant Thus the angle BAL (fig. 223.) is greater than the angle 
CAB, because the lines AB, AL are more distant from each other or include a greater 
arc than the lines AC, AB. If the legs of a pair of compasses l»e a little separated, 
on angle is formed ; if they be opened wider, the angle b^omes greater ; if they be 
brought nearer, the angle U^comes less. 
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^ If 4lie pmnt of a pair of compasses be applied to the point G 225.), and a cir- 
ottmfhrenee NRB be described, the arc NR contained witliin the two lines GL, G1V| 
will measure the magnitude of the angle LGM. If the arc NR, for example, be an 
arc of 40 degrees, the angle LGM is an angle of 40 degrees. 

10. 'lliere are three kinds of angles (Jl^. 226.); a riff At angle (I), which is an angle of 90 
degrees ; an obtuse angle (II), which contains 
more than 90 degrees ; and an acute angle 
(III), which contains less than 90 degrees. 

1 1 . One line is perpendic%dar to another when 
the two angles it makes with that other 
line are equal: thus, the line CD {Jig. ■ 

227.) is perpendicular to the line A 13, if 
the angles CD A, CDB contain an equal number of degrees. 

1 2. Two lines are parallel when all perpendiculars drawn from one to the other are equal «* 
thus, the lines FG, AB {Jig. 228.) are pa- 
rallel, if all the perpendiculars cd, cd, &c. 
are equal. 

1 3. A triangle is a surface enclosed by three 
right lines, called sides {fig. 229.). An 
equilateral triangle (I) is that which has 
three sides equal ; an isosceles triangle has 
only two of its sides equal (II) : a scalene 
triangle (III) has its three sides unequal. 

14. A quadrilateral figure is a surface enclosed by four right lines, which are called its 
sides. 

lb. A parallelogram is a quadrilateral figure, which has its opposite sides parallel; thus. 
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if the side BC {fig. 230.) is parallel to the side AD, and the side AB to the side 
DC, the quadrilateral figure A BCD is called a parallelogram. 

1 6. A rectangle is a quadrilateral figure all the angles p ^ ^ 

whereof are right angles, ns ABCD {fig, 231.). 

1 7. A square is a (quadrilateral figure whose sides are 

all equal and its angles right angles {fig, 232.). a' - — 

18. A trapezium is any quadrilateral figure not a Fig.m. fik.sss. 

paiallelogram. 

1 9. Those figures are equal which enclose an equal space ; thus, a circle and a triangle art 

equal, if the space included within the circumference of the ^ d 

circle be equal to that contained in the triangle. 

20. Ihose figures are identical which arc equal in all their parts ; 
that is, which have all their angles equal and their sides equal, 
and enclose equal spaces, as BAC, ED G (^5^. 23.3.). It is 
manifest that two figures are identical which, being placed 
one upon the other, perfectly coincide, for in that case 

they must be equal in all their parts. It must be ob- ^ c E q 
served, that a line merely so expressed always denotes a right fik.sss. 

line. 

Axiom. Two right lines cannot enclose a space; that category requires at least three 
lines. 



EIGHT LINKS AND RECTILINEAL FIGURES. 


876. pROPOsmoN I. The radii of the same circle are all equal. 

, Tlie revolution of the line AB about the point A {fig. 234.) 
being necessary (Defin. 5.) to form the circle BCDFGLB, when 
in revolving the point B is upon the point C, the whole line 
A B must be upon the line A C ; otherwise two right lines would 
enclose a space, which is impossible: wherefore the radius AC is 
equal to the radius AB. In like manner it may be proved that 
the raiHi AB, AF, AG, &c. are all equal to AB, and are there- 
ibre equal among themselves. 

877. Prof. 11, On a given Hue to deecrihe an equilateral iri- 
9ngk. 
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Lol AB (Jig, 235.) be the given line upon which it is requiiod to • triwi^e 

iriiose ttiwe sides shall be equal. 

From the point A, with the radius AB, describe the cir- 
cutnierenoe BCD, and from the point B, vrith the r^ius BA, de- 
scribe the circumference ACF; and from the point C, where 
these two circumferences cut each other, draw the two right lines 
CA, CB. Tlien ACB is an equilateral triangle. 

For the line AC is equal to the line AB, because these two 
lines are radii of the same circle BCD; and the line BC is 
equal to the line AB, because these two lines (Prop. 1.) are radii of the same circle 
ACF. Wlierefore the lines AC and BC, being each equal to the line AB, are equal to one 
another, and all the three sides of the triangle ACB are equal; that is, the triangle is 
equilateraL 

878. Paor. III. TriangUt which have two Bides and the angle subtended or contained bg 
them equal are identicaL 

In the two triangles BAC, FDG (^Jig.236.)f if the side DF be equal to the side AB, 
and the side DG equal to the side AC, and also the angle at D 
, equal to the angle at A, the two triangles are identical. 

Suppose the triangle FDG placed upon the triangle BAC in 
such manner that the side DF fall exactly upon the side equal 
to it, AB. Since the angle D is equal to the angle A, the side 
DG must ikU upon the side equal to it, AC; also the point F 
will be found upon the point B, and the point G upon the point 
C; consequently the line FG must fall wholly upon the line BC, 
otherwise two right lines would enclose a space, which is im- 
possible. Wherefore the three sides of the triangle FDG coincide 
in all points with the tlirce sides of the triangle BAC, and the two triangles have their 
tides and angles equal, and enclose an equal space; that is (l)cfin. 

20.), they are identical. 

879. pKOK IV. In an isosceles triangle the angles at the base are 
equal. 

Let the triangle BAC {fig, 237.) have its sides AB, AC equal, 
the angles B and C at the base are also equal. Conceive the 
angle A to be bisected by the right line AD. 

In the triangles BAD, DAC the sides AB, AC are, by sup- 
position, equal ; the side AD is common to the two triangles, 
and the angles at A are supposed equal. These two triangles, 
therefore, have two sides, and the angle contained by them equal. Hence, they arc identical 
(Prop. 8), or have all theirparts equal : whence the angles B and C must be eijuaL 

880. Prop. V. Triangles which have ^ ^ 

their three sides equal are identical. 

In the two triangles ACB, FDG {fig, 

238.), let the side AC be equal to the 
side FD, the side CB equal to the side 
DO, and the side AB to the side FG; 
these two triangles are identical. 

Let the two triangles be so joined 
that the side FG shall coincide with the 
side AB {fig, 239.]), and draw the right 
line CD. Since in the triangle CAD 
the side AC is equal to the side AD, 
the triangle is isooeles; whence (Deiin. 13.) the angles m and n at the base are equal. 

Since in the triangle CBD the side BC is equal to the side BD, the triangle is iso* 
Bceles; whence (Defin. 13.) the angles r and s at the base are 
equal. 

Because the angle m is equal to the angle n, and the angle r 
equal to the angle s, the whole angle C is equal to the whole 
angle D. 

Lastly, because in the two triangles ACB, ADD the side AC 
is equal to the side AD and the side CB equal to the side DB, 
also the angle C equal to the angle D, these two triangles have two 
tides, and the contained angle equal, and are Uiorefore (Prop. S.) 
identicaL 

681. Prop. VI. 7b divide a right Une into two equal parts. 

Let the right line which it is required to divide intp two equal 
parts be AB (Jig. 240,}* Upon AB draw (Prop. 2.) the equi- 
Utend triaimle ADB, and on the otlier tide of the tame hue 
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AB dnw tte avdiricnd triangle AFB, drav aho the ri^ line DF; AC is equal to 
CB. 

In the two larger triangles DAF, DBF the sides DA, DB are equal* because they 
are the sides of an equilateral triangle; the sides AF, BF are equal for the same reason { 
and the side DF is common to the two triangles. These two triaragles, then* have their sides 
equal* and consequently (Prop. 5.) are identical, or have all thirir parts equal ; where- 
fore the two angles at D are equal. 

Again, in the two smaller triangles ADC, CDB the side DA is made equal to the 
side DB, and the side DC is common to the two triangles ; also the two angles at D are 
equal llius these two triangles have two sides and the contained angle equal ; they are 
therefore (Prop. 3.) identical, and AC is equal to CB ; that is, A B is bisected. 

882. Prop. VII. From a given point out of a right Une to draw a perpendicular to that 
line. 

Let C (Jig> S41.) be the point from which it Is reqtiired to draw a perpendicular to the 
rifjlii line A B. ^ 

From the point C descrilie an arc of a circle which shall cut 
the line AB in two points F and G. ’I'hen bisect the line FG, / \ 

and to D, the point of division, draw the line CD : this line is / \ ^ 

perpendicular ie the line A B. Draw the lines CF, CO. v / \ / ^ 

In the trihngles FCD, DCG the sides CF, CG are equal, be- ^ 
cause (Prop. 1.) they are radii of the same circle; the sides FD G 

DG are equal, because FG is bisected; and the side CD is com- pir.s41. 

mon. These two triangles, then, having the three sides equal, are identical (Prop. 5.). 
Whence ( Defin. 20.) the angle CD A is e(]ual to the angle CDB, and consequently (Defin. 
11.) the Une CD is perpendicular to the line AB. 

883. Paop. VIII. From a given point in a right line to raige a perpendicular upon thai 
line. 

From the point C {Jig, 242.), let it be required to raise a perpendicular upon the right 
line AB. " ^ 

In AB take at pleasure CF equal to CG ; upon the line FG a 

describe an equilateral triangle FDG,and dmwthc line CD; this 
line will be perpendicular to AB. / \ 

In the triangles FDC, CDG the sides DF’, DG are equal, be- / \ 

cause they are the sides of an equilateral triangle; the sides FC, B 

CG are equal by construction; and the side DC is common. 

These two triangles, then, having the three sides equal, are (Prop. Fi«.s42, 

5.) identical. Tlierefore (Defin. 20.) the angle DC A is equal to the angle DCB, and 
consequently (Defin. 11.) the Une CD is peiqiendicular to the line AB. 

884. Prop. IX. TA« diameter of a circle divides the circumference into two equal 
parts. 

Let ADBLA {Jig. 243.) be a circle; the diameter ACB bisects the circumference, that 
is, the arc AliB is equal to the arc ADB. q 

Conceive the circle to l>e divided, and the lower segment 
ACBLA to be placed upon the upper ACBDA; all the points 
of the arc ALB will fall exactly upon the arc ADB; and cense- !// * 

quently these two arcs will be equal. ^ \ 

For if the point L, for instance, does not fall upon the arc ADB, ^ 1 c j ** 

it must fall either above this arc, as at G, or below it, as at F. V / 

If it fall on G, the radius CL will be greater than the radius 

CD ; if it falls on F, the radius CL will be less than the radius CD, 

which is (Prop. 1 .) impossible. The point L, then, must fall upon ***«• 

the arc ADB. In like manner it may be proved that all the other points of the arc ALB 

must fall iq>on the arc ADB ; those two arcs are therefore ecjual. 

885. Pkop. X. A right line which meets another right line forms with it two angles, which 

together, are equal to two right angles, p 

The line FC {Jig, 244.) meeting the line DA, and forming with 

it the two angles, DCF, ACF, these two angles are together equal / \ 
to two right angles. I i 

From the point C as a centre describe at pleasure a circum- 
ferenco NGLMN. ^ X. 

■ The line KCL, being a diameter, divides the circumference " 

(Prop. 9) into two equal parts. The arc NGL is therefore Wg.m. 

half the circumference, which contains (Defin, 6.) 180, or twice 90 degrees. Tlierefore 
the angles DCF, ACF, which, taken together, afe measured by the arc NGL, are twice 
90 degrees, tliat is (Defin. 10.), ore equal to two right angles. 

886« pRov. XI. A tins drawn psrjitemdicularlg iti anoihsr right Urns makes right singles 
with ii» 
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if the line FG makes right angles with 



If the line CD (Jfp. 245.) 1)e perpendicular to the line AB, the angle CD A is a ttghi 
angle, and also the angle CDB. 

For the line CD, meeting the line AB, forms 
with it two angles, which are together (Prop. 

10) equal to two right angles ; and these two 
angles are equal, because CD is perpendicular 
to A B. Wherefore each angle is a right angle. 

887. Prop. Xll. two lines cut each other, 
the vertical or oppoeite anglce are equal. 

Let tl»e lines At), BF, ti46.) cut each* 
other at the point C; the angles ACB, FCD, which are culled vertical or opposite angles, 
are equal. 

From the point C, as a centre, describe at pleasure a circumference NGLMN, 

Since the line NCL is a diameter, the arc NGL is (Prop. 9.) half the circumference ; 
therefore the arcs NGL, GLM are equal. From these two arcs take away the common 
part GL, there will rema n the arc NG equal to the arc LM. Consequently the angles 
AC'B, FCD, which are measund by these two arcs, are also equal. 

888. Prop. XIII. If a line be perpendicular to one of two parallel lineSf 
peudicular to the other. 

Let AB, CD (/p. 247.) be two parallel lines* 

Cl), it will also make right angles with AB. 

Take at pleasure GC equal to GD; at the points C and D 
vaise the perpaadiculars CA, DB, and draw the lines GA, GB. 

In the two triangles ACG, BDG, because the line A 13 is pa- 
rallel to the line CD, the perpendiculars CA, DB are necessarily 
equal, as appears from the definition of parallel lines (Defin. 12.) ; 
the lines CG, DG are equal by construction; and the angles 
C and D are right angles. The two triangles ACG, BDG have 
then two sides and the contained angle equal, they are therefore 
(Prop. 3.) identical. Whence the side GA is equal to the side 
GB, and the angle m equal to the angle n. 

Again, in the triangles AGF, FGB the side GA is equal to the side GB, as lias been 
proved, and the side GF is common. Moreover, the angle r is equal to the angle «; for 
if from the two right angles FGC, FGD be taken away the equal angles m and n, there 
will remain the equal angles r and s. The triangles AGF, FGB have then two sides and 
the contained angle equal ; they are therefore (Prop. 3.) identical. 

Wherefore the angles GFA, GFB are equal, and consequently ^ n 

are right angles. 

889. Prop. XIV. If one line he perpendicular to two other lines, 
these two lines are paralld. 

Let the line FG (fg. 248.) make right angles with tlie lines 
A B and CD ; these two lines are parallel. 

If the line AB be not parallel to the line CD, another line, 
as NH, may be drawn through the point F, parallel to the line 
CD. But this is impossible; for if the line NH were parallel to the line CD, the lina 
FG making right angles with CD would also (Prop. 13.) make right angles with NH; 
which cannot be, because, by supposition, it makes right angles with AB. 

890. Prop. XV. The opposite sides of a rectangle are parallel. 

In the rectangle A BCD l^fig. 249.) the side BC is parallel to 

the side AD, and the side AB parallel to the side DC. Produce 
each of the sides both ways. 

llie line AB is perpendicular to the two lines BC, AD; the 
two lines BC, AD are therefore (Prop. 14.) parallel. In like 
manner, the line AD is perpendicular to the two lines AB, DC; 
the two lines AB, DC are therefore (Prop. 14.) parallel. 

891. Prop. XVI. The opposite sides of a rectangle are equal. 

In the rectangle A BCD (see fig. 249.) the side AB is equal 

to the side DC, and the side BC equal to the side AD. For, since the side BC is parallel 
to the side AD, the perpendiculars AB, DC are (DeHn. 12.) equal; and since the side 
AB is parallel to the side DC, the perpendiculars BC, AD are equal 

692. Prop. XVIL A right line falling upon parallel lines makes the aUemate angles 
equal 

Let the line FG (/g. 250.) cut the parallels AB, GD; the angles AFG, FGD, which 
are called cdtemate angles, are equal. From the point G draw G L perpendicular to the 
line AB, and from the point F draw FM perpendicular to the line GJD. 

Since the line GL is perpendicular to AB, it is also (Prop. 13.) perpendicular to tlie 
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na^lel luie GD Wlicnce the quadrilateral figure GLFM Is a rectangle, its four anglci 
b^ng right angles. ^ 

In the triangles GLF, FMG the sides LF, GM are equal, because tliey are opposite 
ddei o£ the same rectangle ; the sides LG, y 

FM are equal for the same reason ; and the ^ 
side FG is common. The two triangles 
GLF, FMG have then the three sides equal, 
and consequently (Prop. 5.) are identical. 

Wherefore the angle LFG opposite to the 
side LG is equal to the angle FGM oppo- 
site to the side FM. 

Remark, In identical triangles the equal Pig.s.'M). Pig. Mi. 

angles are always opposite to equal sides, as hy this proposition ajipcars. 

893. Paop. XVIII. If one rigfU line falling uj)on, two others makes the alternate i 
equalt these two lines are parallel. 

Let the alternate angles AFG, FGD (^fig, 251.) be equal; the lines AB, GD are 
parallel. 

If the line AB is not parallel to the line GD, another line, as Nil, may be drawn 
through the point F parallel to GD. But this is impossible; for if the line NH were 
parallel to the line GD, the angle FGD would be (Prop. 17.) equal to the angle NFG, 
since these two angles would be alternate angles between two 
parallel lines ; which cannot be, because, by supposition, the angle 
FGD is equal to the angle AFG. 

894. Paop. XIX. If one right line falls upon two parallel right 
Jinesy it makes tlw interior angle equal to the exterior. 

I/Ct the line FG (fg. 252.) meet the parallel lines BA, DC, 
the interior arglc r is equal to the exterior angle z. Produce 
the lines BA, DC. 

'Die angle r (Prop. 17.) is equal to the angle «, because these 
are alternate angles, made by a right line falling upon two 
parallel lines, and the angles s and z are (Prop. 12.) equal, be- 
cause they are vertical or opposite angles ; therefore the angle r is equal to the angle z, 

895. Prop. XX. If one right line falling %ipon two other right lines makes the internal 
sngle equal to the extemaly those two lines are parallel. 

Let the internal angle r {Jig, 25%) be equal to the external /B /d 

%ngle Zy the lines BA, DC are parallel. 

llie angle r is equal to the angle z by supposition, and the 
ingle * (Prop. 12.) is equal to the angle a, because they are 
opposite angles. The alternate angles r, s are therefore equal, 
and consequently (Prop. 18.) the lines BA, DC are parallel. 

896. Prop. XXL Through a given point to draw a line parallel 

to a given line. 

Let G be the point through which it is required to draw a line Pig. 553. 

parallel to the given line M F. 

From any point G {fg.25A.) describe, at pleasure, the arc FN ; from the point F, in 
which the arc FN cuts the line MF. with the distance GF describe the arc GM meeting 
the line MF in M ; then make FL 
equal to GM, and draw the line GL; 
this line is parallel to the line MF. 

Draw the line G F. 

The arcs GM^ FL are equal by 
construction ; therefore the alternate 
angles r, «, which are measured by 
these arcs (Defin. 9.), are equal ; and 
consequently (Prop. 18.) the lines 
GL, MF are parallel. 

897. Prop. XXII. The three angles of a triangle taken together are equal to two right 
angles. 

In the triangle 255.), the three angles B, A, C arc together equal to two right 

angles. 

Produce the side BC both ways; through the point A draw a line FG parallel to BC ; 
and frdm the point A, as a centre, describe any circumference LMN. 

The angle B (Prop. 17.) is equal to the angle ar, because these are alternate angles made 
by a right line foiling upon two parallel lines. For the same reason the angle C is equal 
to the angle o. 

^ Because LAN is a diameter, the arc LMN Is half the circumference t therefore the 
thne angles x. A, y, which are measured by this are, are together equal to two right anglea 
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Birt tlu) angle s is equal to the alternate angle 6, and the ai^ jr lo the alteniete 
angle C. 

llicreibre, substituting B for x, and C for y. tlie three B, A, C are together eouml 

to twQ right angles. 

Corollary. Hence, if two angles of any triangle be known, the third is also found; 
since the third angle is that which the other two taken together want of two right 
angles. 

89B. Prop. XXIII. If two triangUt haf>€ two txngUt eguali tkey have also tht third angh 
equal. 

In the two triangles B AC, FDG (^fig, 256.), if the angle B is 
equal to the angle F, and the angle A equal to the angle D, the 
angle C will also be equal to the angle G. 

Since the angle C(Corol. to Prop. 22.) is that which the angles 
B and A together want of two angles ; and since the angle 
G is that which F and D togethCT want of two right angles ; the 
angles B and A being equal to the angles F and D, the angle C 
must be equal to the angle G. 

899. Prop. XXIV. TAc exterior angle of any triangle i» equal to the two interior and 
opposite angles taken together. 

In the tingle BAC {fg. 257.) produce one of the sides BC; 
the angle A CD, which is cal lea exterior, is equal to the two 
interior opid opposite angles B and A taken together. 

The line AC meeting the line BD forms with it two angles, 
which are together (Prop. 10.) e<|ual to two right angles; the 
angle ACB is therefore that which the angle ACD wants of 
two right angles. But the angle ACB is (Corol. to Prop. 22.) 
also that which the angles B and A together want of two light 
angles. Wherefore the angle ACD is equal to the two angles 
B and A taken together. *’7. 

900. Prop. XXV. Triangles which has>t two angles and the side which lies between them 





qual are identical. 

In the two triangles BAC, FDG {fig. 258.), if the angle F is equal to the angle B, the 
Angle G equal to the angle C, and the side FG equal to the side 
BC, these two triangles arc identical. 

Conceive the triangle FDG placed upon the triangle BAC in 
such a manner that the side FG shall fall equal 

side BC. Since the angle F is C(]ual to the angN||Hlthe side FD 
must ihll upon the side H A ; and since the angle G is equal to 
the an^le C, the side GD must fall upon the side CA,.^ Thus the 
three sides of the triangle FDG will be exactly placed ^on the 
three sides of the triangle BAC; and consequently thdWvo tri- 
angles (Prop. 5.) are identical. 

901. Prop. XXVI. If two angles of a triangle are equal, the eidie opposite to thost 
Ongles are also equal. 

Conceive the angle A (^^.259.) to be bisected by the line 
AD. 

In the triangles BAD, DAC the angle B is equal to the 
angle C by supposition, and the angles at A are also equal. 

These two trpt^les have their two angles equal ; the third angle 
will therefore 1(ftop. 23.) be equal ; whence the angles at D are 
equal. Moreover, the side AD is common to the two triangles. 

These two triangles, therefore, having two angles and the side 
which lies between them equal, are (Prop. 25.) identical, 
to the side AC. 

902. Prop. XXVII. The opposite sides of a j^raUdogram are equal 

In the parallelogram ABCD {fg. 260.), tM side AB is equal 

to the side DC, and the side BC equal to the side AD. 

Draw the line BD, which is called the diagonal. 

Because BC is parallel to AD, the alternate angles m and K 
are equal. In like manner, because AB is parallel to DC, the 
alternate angles r and s are equal. Also, the side BD is common 
to the two triangles BAD, BCD. These two triangles have then 
two angles aqd the side which lies between them equah And 
are therefore (Prop. .3.^ identieaL Wherefore the side A B op- 
posite to the angle n is (Prop. 26.) e<|ual to the side DC opposite to the angle fat 
and the side BC opposite to the angle s is equal to the side AD opposite to the equal 
angle r 



D 

pi«. 

Wherefore the side AB U equal 
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CoMLULnr. Hwooe, th« diagonal biaecU tlio jiagallalcigrai } Ar ib^ tritt^Iea 
BCD) hartiig tho three aides equal, are identieaL 

;)03. PaoF. XXVllI. FwoUtlogramM whidi art hetwum iha soma pafraildg, <md kaaa At 
tuMt battf art tfuaL 

Let the two parallelograms ABCD, AFGD (J^, 951.), be between the same pandleb 
BG, AM, and uiMm the same base AD; the space enclosed 
within the parallelogram ABCD is equal to the space en- 
closed within the parallelogram AFGD« 

In the two triai^les BAF, CDG the side BA of the former 
triangle is equal to the side CD of the latter, because they are 
opposite sid^ of the same parallelogram. For the same reason, 
the side F A is equal to the side GD. Moreover, BC is equal to 
AD, because they are opposite sides of the same parallelogram. 

For the same reason, AD is equal to FG. BC is therefore 
equal to FG. If to both these CF be added, BF will be equal to CG. Whence thf 
two triangles BAF, CDG, having the three sides equal, are (Prop. 5.) uieatical, and con- 
sequently have equal sur&ces. 

If from these two equal surfaces be taken the small triangle CLF, which is common, 
there will remain the trapezium ABCL, equal to the trapezium LFGD. To these two 
trapezia add the triangle ALD, and the parallelogram ABCD will be equal to the paral- 
lelugram AFGD. 

904. PiiOP. XXIX. (jf a triangle and a parallelogram are upon the tame htatf and 
between the tame paraUehy tlw triangle it equal^ta half the paraU 
lelogram, 

jAit the parallelogram ABCD (^fg. 262.) and the triangle 
AFD l>e‘upon the same base AD, and between the sdme pa- 
rallels BG, AL; the triangle AFD is half the parallelogram 
ABCD. Draw DG parallel to AF. 

Because the parallelogram A F G D is bisected by the diagonal 
FD (Prop. 27. Corol.), the triangle AFD is half the paral- 
lelogram AFGD. But the parallelogram AFGD is equal to 
the parallelogram ABCD, bi'cause these two parallelograms are upon the satne base, and 
between the same parallels; therefore the triangle AFD is equal to half the parallelogram 
ABCD. 

905. PaoF. XXX. Jhirallelogramt which are between the samr paraJkft, and have equal 
bates, are equaL 

Let the two parallelograras ABCD, I.FGM (Jig. 263.) be 
between the same parallels BG, AM, and have the equal bases 
AD, LM ; these two parallelograms are equal. 

Draw the lines AF, DG. 

Because AD is equal to LM, and LM to FG, AD is equal 
to FG; and they are parallel by construction. Also AF and 
DG are parallel; for if DG be not parallel to AF, another 
line may be drawn parallel to it; whence FG will become 
greater or less than AD, AF and DG are therefore parallel, and AFGD a parallelo- 
gram. 

Now the parallelogram ABCD is (Prop. 28.) equal to the parallelogram AFGD, 
because these two parallelograms are between the same parallels, and have the same base 
AD. And the parallelogram AFGD is equal to the parallelogram LFGM, because these 
two parallelograms are between the same parallels, and have the same ba^ FG. llie 
parallelogram ABCD is therefore equal to the parallelogram LFGM. 

906. Paop. XXXI. Triangles which are between the tame parallels, and have equal hatete 
are equal. 

Let the two triangles ABD, LFM (tee Jig. to preceding Proposition) be between the tamo 
parallels BG, AM, and upon the equiU bases AD, LM ; these two triangles are equaL 

Draw DC parallel to AB, and MG parallel to LF. 

The two parallelograms ABCD, LFGM arc equal (Prop. 30.), because they are between 
the same parallels, and have equal bases. But the triangle ABD b (Prop. 29.) one half d 
*the parallelogram ABC A aita the trisngle LFM b one half of the parallelogram LFGM; 
these two triangles are therefore equaL 

907. PaoP. XXXII. In a right-angled triangle, the tquwrt pf Ms hgpotenute, or tidq 
tnUending the right angle, ^ it equal to the tquartt of the tukt which contain the right 
an^ 

in the triangle BAC (Jfy, 2^), let 4ho angle A be a right angA Upon ^ hypo^ 
tenuae BC deaeribe the square BDFC; upon the side AB describe the square ALMA 
and imoa the dde AC tbe square AENC ; the square BDFC b equal to the two squaree 
ALMA ABNC taken togediec. 
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' Jli»w the right lines MC, AD, and draw AG eoiOill- 
UD. ^ 

*’ fiecause the equare or parallelogram MLAB aixi 
triangle MCB are between the s«»e parafleU LC, 
liave the same- base MB, the triangle MCB is ([Prp|ka 
equal to hall the square ALMB. , 

Again, because the rectangle or parallele^ta 
and the triangle DAB are between the same^panfflela SA 
aiMLpB, and have the same base DB, the triangle PAJp is 
29.) equal to half the rectangle DQBP* 

SEther, since the side MB of |he triangle MBC and tli» 

■id^ AB of the triangle ABD are sides of the same square^ 
they arc (Defin. 17.) raual. Also, sinae iihe aide BC of the 
first triangle and the side BD of the second triangle ard sides of the same square, they are 
^qual. And because the angle MBC of the Urst triangle is composed of a right angle and 
the angle jr, and the angle ABD of the second triangle is composed of a right angle and 
the same angle x, therefore these two angles, contained between the equal sides MB, BC 
and AB, BD, are equal. Wherefore the two triangles MBC, ABD, having two sides and 
the contained angle equal, are (Prop. 3.) identical, and consequently equal. 

' But the triangle MBC is half the square MLAB, and the triangle ABD is half the 
rectangle BDGP ; the square and the rectuigle are therefore equal. 

^ In the same manner it may be demonstrated that the square ARNC and the rectangle 
CFOP are equal. Wherefore it follows that the whole square BDFC is equal to the two 
s(]uares MLAB, ARNC taken together. 


Fig. S64. 


908. Dekinitioks. — 1. A right lino(^^. Prop. S3. AB) terminated Imth ways by the 
circumference of a circle is called a cJtord. 

2. A line Prop. 39. AB) which meets the circumference in one point only is ealled 
a tangent ; and the point T is called the point of contact. 

S. An angle (fg, l^i%p. S3. ABD) which h^ its vertex in the circumference of a circle 
is called an angle in the eirclt^ 

4. A part of a circle confined betweenglii||^ii ( fig. Prop. 34. A CBF A) is called a sector, 

5. A part of a circle (fg^ Prop. 35* terminated by a chord is called a sepwral 

of a cirde. 

909. Prop. XXX II I. To draw the circumference cf a circle through three given points. 


Let there be three given points* A, B, D {Jig. 265.), through which it 
is required to draw the circumference of a circle. Draw the right 
lines AB, BD, and bisect them : from the points of the division F, G, 
raise the perpendiculars BC, GC ; and at the point C with the radius 
C A -describe the circumference of a circle; this circumference will pass 
through the points B and D. Draw the lines CA, CB, CD. 

1ft the trilbies CFA, CFB tlie side FA is equal to the side FB 
by construction, the side FC is common, and the two angles at F are 
right angles. These two triangles, then, have two sides and the angle 
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Consequently tlie side 


Wherefore the side 


eontatnod by them equal ; they are therefore (Prop. S.) identical. 

CB is equal to the side CA. 

For the same reason, the triangles CGB, CGD are also identical. 

CD is equal to the side CB, an4 consequently equal to CA. 

And since the right lines CD are equal to the right line CA, it is manifest (Prop. 1.) 
that the circumference which' passes through the point A must also pass through the 
ftoint D. 

- 910. Prop. XXXI V. If a radius bisect a chords it is perpendicular to that chord. 

If the radius CF {Jig. 266.) bisect the chord AB, the angles 
JDA, CDB are right angles. Ifraw the radii CA, CB. 

' In the triangles CD A, CDB the aides CA, CB, being radii, are equal 
(Prop. 1.), the^fi4ss AD, DB are fquol by supposition, and the side 
CD is pommon. ^ ^ese two triangles, having the three sides eqtml, are 
tliere2»re (Prop. 5.) idenCkaL V^erefore the angles CDA, CDB ftse 
dqual, apd oonsequeitfly (Prop. ] 0.) are right aisles. ' ^ 

^ CenbwftT, two angles at C are also {Prop. 5.V;fcniaL 
Hence It appears, that any angle ACB may be bisecte^^hl^iescribliig , 
from its vertex C as the centre inth any radius AC an ore .AFE ; bisect* * 
ing the chord of that arc ABfftnd then drawing from the point of division D thh right^Uni 
GD ; fbr it may then be shown, as In the proposUtcAh that^the iriangles A CD, DCB'^aiw 
identical, and consequently the angles at C equal. 
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Ml. PRor, XXXV. 


•II. Pro^ XXXV. njbilh centre of a d 

JM the circle of which to find the centre be AGBF. Draw any ehoid AB 

( ftp, 9€7 .\ ; faiicct it, and the point of divi- o 

lion D rawe a porpcndieular thU line win — \ — \ 


pass through the centre, and eoCiae^uently, if it 
be bbecte£ the point of diTision will be the 
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centre, 1 Jp 

If the centre of the circle he' not in the line \ \ / \\y \// 

FG, it must be somewhere out of it; for in- 
stance, at the point L. But this is impossible, 
for if the point L were the centre, the right line ^ 

LM would be a radius ; and since this line bisects ***' 

the chord AB, it is (Prop. 34.) perpendicular to AB ; which cannot be, since CD is per•^ 

pendicular to A3. 

P12r Paoe. XXXVI. To find tfie centre of an arc of a circle. 

Let ABDF be the arc of which it is required to find the centre. Draw any two chords 
AB, DF (y?p. 36B); bisect them, and from the points of division raise the perpendiculars 
MC, LC; t^ point C, in which these two perpendiculars cut each other, is the centre 
of the arc. 


For (Prop. 35.) the perpendicular MC and the perpendicular LC both pass through 
the centre of the same circle ; this centre must therefore be the point C, which is the only 
point common to the two perpendiculars. 

913. Prop. XXXVII. (f three equal hues meet in the same point within a circle, and art 

terminated, they are radU of that circle. 

The lines CA, CB, CD (^. 269.), drawn from the same point 
C within a circle, and terminated by it, being equal, the point C 
is the centre of the circle. Draw the lines AB, BD ; bisect them, 
and let the points of division be F, G; and draw the lines CF, 

CG. 

In the triangles CFA, CFB, the sides CA, CB are equal by 
supposition, the sides FA, FB are equal by construction, and 
the side CF is common. These two triangles, then, have the fiR.scs. 

three sides equal ; thev are therefore (Prop. 5.) identical. Wherefore the two angles at 
F are equal, and the line FC (Defin. 11.) is perpendicular to the chord AB. And since 
this perpendicular bisects the chord AB, it must (Prop. 35.) pass through the centre of the 
circle. * In like manner, it may be demonstrated that the line GC also passes through the 
centre. Wherefore the point C b the centre of the circle, and CA, CB, CD are radii. 

914. Prop. XXXVIII. If the radius of a circle be perpendicular to a chord,the radios 
bisects hath the chord and the arc of the chord. 

Let the radius CF be perpendicular to the chord AB (^fig. 270.); the right line AD is 
equal to the right line DB, and the arc AF equal to the arc FB. 

Draw the right lines CA, CB. 

In tlie large triangle ACB, the side CA (Prop. 1.) is equal to 
the side CB, because they are radii of the same circle. The angle 
A is (Prop. 4.) therefore equal to the angle B. The angles at D are 
right angles, and therefore equal ; and the angles at C are conse- 
quently (Prop. 23.) equal. Also the side CA is equal to the side 
CB, and the side CD is common. These two triangles, then, having 
two sides and the angle contained by them cqu^, are (Prop. 3.) 
identical, whence the side AD is equal to the side DB. Again, since the angles ACF, 
BCF are equal,, the arcs AB, BF, which measure these angles, are also equal. The chord 
AB and the arc AFB are therefore bisected by the radius CF. 

915. Prof. XXXIX. A right line perpendicular to the extremity of a radius is a tangent 
to the circle. 

Let the line AB (^fig, 271.) pass through the extremity of the 
radius CT in such a manner that the angles CTA, CTB shall be 
right allies ; this line AB touches the circumference in only one 
point T. If AB touch the circumference in any other point, let 
It be D,' and draw the line^D. 

In the right-an^d triangle CTD the square of the hypothec 
nuse CD iaequal to two squai^es of CT and TD taken together. 

square of CD k ^refore greeter than the square of CT, and 
<ma«quenitiy the line CD is than the line CT, which is a 

radips. Therefore me point D is out of the circumference. And in like manner it may be 
1 * 10 wa that every point in the line AB is out of the eircumforfoce, except T; AB is there- 
ibte a tangent to the circle, 

^ ^ follbws». therefore, that a perpendicular k^B^e shortest line that can be 
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drawn from any point to a given line ; since the perpendicular CT is shorter than any other 
line which can be drawn irom the point C to the line A B. 

916. Puor. X It. If a tight Un§ he drawn touching a circumfereMe^ a radius drawn to the 
point of contact will be perpendicular to the tangent. 

Let the line AB (fg. 272.) touch the circumference of a circle 
in a point T, the radius CT is perpendicular to the tangent AB. 

For all other lines drawn from the point C to t^ line AB must 
pass out of the circle to arrive at this line. The line CT is there- 
fore the shortest which can be drawn from the point C to the line 
AB» and consequently (CoroL to Prop. 39.) is perpendicular to the 
line AB. 

91 7. Prop. XLI. The angle formed by a tangent and chord is 
wuasured by half the arc of that chord. 

Let BTA {Jig. 273.) be a tangent and TD a chord drawn from the point of contact T; 
the angle ATD is measured by half the arc TFD, and the angle BTD is measured by 
half the arc TGD. Draw the r^ius CT to the point of contact^ 
and the radius CF perpendicular to the chord TD. 

The radius CF being perpendicular to the chord TD (Prop. 38.) 
bisects the arc TFD. TF is therefore half the arc TFD. 

In the triangle CML the angle M being a right angle, the two 
remaining angles are (Prop. 22.) equal to a right angle. Where- 
fore the angle C is that which the angle L wants of a right angle. 

On the other side, since the radius CT is perpendicular to the tan- 
gent BA, the angle ATD is also that which the angle L wants 
of a right angle. The angle ATD is therefore equal to the angle C. But the angle C is 
measured by the arc TF, consequently the angle ATD is also measured by the arc TF, 
which is half of TFD. The angle BTD must therefore be meaiiured by half the arc TGD, 
since these two halves of arcs make up half the circumference. q T a 

918. Prop. XLII. An angle at the circumference of a circle is 
measured by half the arc by which it is subtended. 

Let CTD {Jig. 274.) be the angle at the circumference; it 
has for its measure half the arc CFD by which it is sub- 
tended. 

Suppose a tangent passing through the point T. 

The three angles at T are mea.sured by half the circumference 
(Prop. 22.), but the angle ATD is measured (Prop. 41.) by half 
the arc TD, and the angle BTC by half the arc TC ; conse- 
quently the angle CTD must be measured by half the arc CFD, since these three halves of 
arcs make up half the circumference. 

919. Prop. XLI 1 1. The angle at the centre of a circle is double of the angle at the cir- 

cumference. 

Ijei the angle at the circumference ADB (Jig. 275.) and the 
angle at the centre ACB be both subtended by the same arc Ab, 
the angle ACB is double of the angle ADB. 

For the angle ACB is measured by the arc AB, and the angle 
ADB is (Prop. 42.) measured by half the same arc AB ; the angle 
.^CBis therefore double of the angle ADB. 

920. Prop. XL IV. Upon a given line^ to describe a segment tf 

a circle containing a given angle. 

Let AB {Jig. 276.) be the given lino and G the given angle, it is required to draw such 
a circumference of a circle through the points A and B that the angle D shall be equal to 
the angle G 

For this purpose draw the lines AL, BL in such manner 
that the angles A and B shall be equal to the angle G : at the 
extremities of LA, LB raise the perpendiculars AC, BC; 
and from the point C in which these two perpendiculars cut 
each other, with the radius CA or CB describe the circum- 
ference ADB ; the angle D will be equal to the angle G. 

The angle LAB, formed by the tangent AL and the chord 
AB, is (Prop. 41.) measured by half the arc AFB ; and the 
angle D at the circumference is also measured (Prop. 42.) by 
half the arc AFB ; the angle D is therefore equal to the angle - ^ 

LAB. But the angle LAB is made equal to the angle G % the angle D is ^erefore equal 
to the angle G. 

921. Paop. XLV. In every triangle ike greater side is opposite to the greater angle, and 
ike greater angle to the greater side. 

In the tri ngle ABC (Jig. 277.), if the side AB be greater iim the side AC, the angle 
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C oppoute fo the side AB wUl be greater than the angle B opposite to the dido ACL 
Draar tlie olroumierence of a circle through the throe points A, 

C, B. 

Since the chord AB is greater than the chord AC, it is manifest 
that the arc ADB is greater tlian the arc AFC; and consequently 
the angle at the circumference C, which is measured (Prop. 42.) ^ 
by half the arc ADB, is greater tlian the angle at the circumference 
13, which is measured by half the arc AFC. 

Again, if the angle C is greater than the angle B, the side AB 
opposite to the angle C will be greater than the side AC opposite 
to the angle B. 

The angle C is measured (Prop. 42.) by half the arc ADB, and the angle B by half tlie 
arc AFC. But the angle C is greater than the angle B ; the arc ADB is therefore greater 
than the arc AFC, ^nd consequently the chord AB is greater than the chord AC. 

922. PaoF. XL VI. Two parallel chords intercept equal arcs. 

If the two chords AB, CD (Jig. 278.) are parallel, the arcs AC, BD are equal. Draw 
the right line BC. 

Because the lines AB, CD are parallel, the 
alternate angles ABC, BCD are (Prop. 17.) 
equal. But the angle at the circumference 
BCD is measured (Prop. 42.) by half the 
arc AC ; and the angle at the circumference 
BCD is measured by half the arc BD; the 
arcs AC, BD are therefore equal. 

923. Prop. XL VI I. If a tangent and chord 
he parallel to each other ^ they intercept equal arcs. 

Let the tangent FG (Jig. 279.) be parallel 
to the chord AB ; the arc TA will be equal to the arc TB. Draw the right line TA. 

Because the lines FG, AB are parallel, the alternate angles FT A, TAB apa(Prop. 17.) 
equal. But the angle FT A, formed by a tangent and a chord, is measured (Prop. 41.) by 
half the arc TA, and the angle at the circumference TAB is measured (Prop. 42.) by half 
the arc TB. The halves of the arcs TA, TB, and consequently the arcs themselves, are 
therefore equal. 

924. Prop. XLVIII. The angle formed by the intersection of two chords is measured by 
half the two arcs intercepted by the two chords. 

Let the two chords AB, DF (fig. 280.) cut each other at the point C, the angle FCB 
or A CD is measured by half the two arcs FB, AD. Draw AG 
parallel to DF. 

Because the lines AG, DF are parallel, the interior and exterior 
angles GAB, FCB are (Prop. 19.) equal. But the angle at the 
circumference GAB is measured (Prop. 42.) by half the arc ^ 

GFB. The angle FCB is therefore also measured by half the arc 
GFB. 

Because the chords AG, DF are parallel, the arcs GF, AD are 
(Prop. 46.) equal : AD may therefore be substituted in the room Fig.sso. 

of GF; wherefore the angle FCB is measured by half the arcs AD, FB. 

925. Prop. XLIX. The angle formed by two secants is measured by half tlie difference of 
the tuH) intercepted arcs. 

Let the angle CAB (fig. 281.) be formed by the two secants AC, AB, this angle is 
measured by half the difference of the two arcs GD, CB, inter- 
cepted by the two secants. Draw DF parallel to AC. 

Because the lines AC, DF are parallel, the interior and exterior 
angles CAB, FDB are (Prop. 19.) equal. But the angle FDB is 
measured (Prop. 42.) by half the arc FB ; the angle GAB is 
therefore also measured by half the arc FB. 

Because the chords GC, DF are parallel, the arcs GD, CF are ^ 

(Prop. 46.) equal; the arc FB is therefore the difference of the 
arc GD and the arc CFB. ^Vhere the angle A has fbr its mea- 
sure half the difference of the arcs GD, CFB. 

926. Prop. L. The angle farmed by two tangents is measured by halftl,e difference of th-^ 
two intercepted arcs. 

Let the angle CAB (Jig, 282.) be formed by the two tangents AC, AB ; this angle is 
measured by half the difference of the two arcs GLD, GFD. Draw DF parallel to AC. 

Because the lines AC, DF are parallel, the interior and exterior angles CAB, FDB are 
(Prop. 19.) equal. Dut the angle FDB, formed by the tangent DB and the chord DF, is 
measured (Ptm 41^} 1^ half the arc FD. Therefore the angle CAB is also measured by 
half the are FIX 
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Baeattse the tangent AC and the 
chord DF are pa^lel) the inter* 
eepted arcs OF GD are (Prop. 
47.) equal. Hie arc FD is tbere- 
tbre the difference between the are 
GLD and the arc GFD. There- 
fore the angle CAB, which is mea- 
sured by half the arc FD, is also 
measured by half the difference of 
the arcs GLD, GFD. 
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CoROLLART. In the same way it may be demonstrated that the angle formed by a tangent 
ATC (Jiff, £83.) and a secant ADB is measured by half the difference of the two inter* 
eepted arcs. 

927. Prof. LI. 7b raise a perpendicular at the extremity of a yiven line. 

At the extremity A (Jiff. 284.) of the given line AB let it be required to raise a i>or- 
pendicular. 

From any point C taken above the line AB describe a circum- 
ference passing through the point A and cutting the line AB in any 
other point, as G. Draw the diameter DG and the right line AD; f 
this line AD will be perpendicular to the line AB. ' 

The angle DAG at the circumference is measured (Prop. 42.) by 
half the arc DFG, which is half the circumference, because DCG is 
a diameter. The angle DAG is therefore measured by one fourth 
part of the circumference, and consequently (Defin. 10.) is a right angle, whence the line 
AD is (Prop. 11.) perpendicular to the line AB. 

Corollary. Hence it follows that the angle at the circumference which is subtended 
by a diameter must be a right angle. 

928. Prop. LI I. From any point without a circle to draw 
a tanffent to that circle. 

From the point A (Jiff. 285.) let it be required to draw a 
tangent to the circle DTB. 

Draw from the centre C any right line CA ; bisect this 
right line, and from the point of division B, as a centre, de- 
scribe the arc CTA. Lastly, from the point A, and through 
the point T, in which the two arcs cut each other, draw the 
right line AT ; this right line AT will be a tangent to the 
circle DTB. Draw the radius CT. 

The angle CTA at the circumference, being subtended by 
the diameter CA, is (Corol. to Prop. 51.) a right angle; therefore the line TA is perpendi- 
cular to the extremity of the radius CT, and consequently (Prop. 40.) is a tangent to the 
circle DTB. 



SURFACES. 

929. Definitions.—!. A mathematical point has neither length, breadth, nor thicKnras. 
The physical pointy now for consideration, has a supposed length and breadth exceed- 
ingly small. 

2. A physical line is a series of physical points, and consequently its breadth is equal to 

that of the physical points whereof it is composed. 

3. Since physic^ lines are composed of points, as numbers are composed of units, points 

may be called the units of lines. 

4 . As to multiply one number by another is to take or repeat the first number as many 

times as there are units in the second ; so to multiply one line by another is to take or 
repeat the first line as many times as there are units, that is, physical points, in the 
second. 

930. Prop. LIII. The surface of a rectanyle is equal to the 
product of its two sides. 

Let the rectangle be ABCD (Jiy. 286.). If the physical 
line AB be multiplied by the physical line AD, the pro- 
duct will be the surface ABCD. 

If as many physical lines equal to A B as there are 
physical points in the line AD be raised perpendicularly 
upon AD,, these lines AB, a&, &c. will fill up the whole 
surface of the rectangle ABCD. Wherefore the surface 
A BCD is equal to the line AB taken as many times as there are physical points in the line 
A D ; that is, (Defin. 4.) equal to the line AB multiplied by the line AD. 

931 . Prop. LI V. The surface of a triangle is equeU to half the product of its alUtude and hnae, 

1£ from the vertex of any angle A (Jig. 287.) of the triangle BAC bo drawn AD» per* 
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peniliouUr to the ^piNlte ude BC, this perpendicular Is csBed the and the mde BC 
the base of the triangle. Now the surfiu^e of the triangle is 
equal to half the product of the height AD and the base BC. 

Produce BC both ways ; through the point A draw FG 
parallel to BC, and raise the two perpendiculars BF, CG. 

Because the rectangle BFGC and the triangle BAC are 
between the same parallels, and have the same bases, the tri- 
angle is (Prop. 29.) half the rectangle. But the surface of 
the rectangle is equal (Prop. 53.) to the product of BF and 
BC. Wherefore the surface of the triangle is equal to half the 
product of BF and BC, that is, of DA and GC. 

932. Paor. LV. To mtcuture the surface of any rectilineal figure. 

Let ABCDFA (fig. 288.) be the rectilineal figure, whereof it is required to find die 
surface. 

Divide the whole figure into triangles by drawing the lines 
CA, CF. Then, drawing a perpendicular from the point B 
to the side CA, multiply these two lines ; the half of their pro- 
duct will (Prop. 54.) give the surface of the triangle ABC. 

In the same manner let the surfaces of the remaining triangles 
ACF, FCD be found. These three surfaces added together 
will give the whole surface of the figure ABCDFA. 

93.3. Pttop. LVI. The area of a circle is equal to half the pro» 
duet of its radius and circumference. 

If the radius of the circle C (fig. 289.) be multiplied by 
its circumference, the half of the product will give the surface of the circle. 

Two physical points being manifestly not sufficient to make a curve line, this must re- 
quire at least three. If, therefore, all the physical points of a circumference be taken two 
by two, these will compose a great number of small right lines. From 
the extremities L, M of one of these small right lines if two radii LC 
MC be drawn, a small triangle LCM will be formed, the surface of 
which will be equal to half the product of its height ; that is, the radius 
and its base. 

To find the surface of all the small triangles whereof the circle is com- 
posed, multiply the height, that is, the radius, by all the bases, that is, by 
the circumference, and take the half of the product ; whence the area or 
surface of the circle will be equal to half the product of the radius and 
circumference. 

934. Prop. LVI I. To draw a triangle equal to a given circle. 

Let it be required to form a triangle the surface of which shall be equal to that of the 
circle AG FDA (fig, 290.). 


At the extremity of any ra- 
dius CA of the circle, raise a 
perpendicular AB equal to the , 
circumference AGFD,and draw 
the right line CB. The sur- 
face of the triangle BCA will 
be equal to that of the circle 

AGFDA. Wfwo. 

The sur&ce of the circle is equal (Prop. 56.) to half the product of the radius CA and 
the circumference, or the line AB. The surface of the triangle is also equal (Prop. 54.) 
to half the product of its height CA, or radius, and its base BA, or circumference. There- 
fore the surface of the triangle is equal to that of the circle. 




PROPORTION. 

935. Definitions. — 1. The ratio of one quantity to another is the number of times which 
the first contains the second ; thus the ratio of 12 to 3 is four, l^use 12 contains 
3 four times ; or, more universally, ratio is the comparative magnitude of one quan- 
tity with respect to another. 

S. Four quantities are proportiimal, or in geometrical proportion^ or two quantities are said 
to have the same ratio with two others, when the first contains or is contained in the 
second, exactly the same number of times which the third contains or is contained in 
the fourth ; thus, the four numbers 6, 3, 8, 4 are proportionals, because 6 contains 3 as 
many times as 8 contains 4, and 3 is contained in 6 as many times as 4 is contained in 
8, tfiat is, twice ; which is thus expressed t 6 is to 3 as 8 to 4 ; or 3 is to 6 as 4 to 8. 

936« Prop. LVIll ParaUdograms which are between the same parallels are to one on- 
sfhsr as their bases. 
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Let the tvo parallelograms ABCD, FGLM 291.) be between the safne parallels 

RL, AM, llie surface of the parallelogram ABCD contains 

•be surface of the parallelogram FGLM as many times 
exactly as the base AD contains the base FM. Sup- 
pose, for example, that the base AD is triple of the base 
FM ; in this case the surface ABCD will also be triple 
of the surface FGLM. 

Divide the base AD into three parts, each of which is 
equal to the base FM, and draw from the points of divi- 
sion the lines NP, R<S parallel to the side AB. 

The parallelograms ABPN, FGLM being between the same parallels and having equal 
bases, the parallelogram ABPN is (Prop. 30.) equal to the parallelogram FGLM. For 
the same reason, the parallelograms NP8R, RSCD are also equal to the parallelogram 
FGLM. The parallelogram ABCD is therefore composed of three parallelograms, each 
of which is equal to the parallelogram FGLM. Consequently the parallelogram ABCD 
is triple of the parallelogram FGLM. 

93"^. Prop, LIX. Triangles which are between the same parallels are to one another as 
their Vises. 

Let the two triangles ABC, DFG (Jig. 292.) be between the same parallels LF, AG, the 
sur&ce of the triangle ABC contains the surface of the 
triangle DFG as many times as the base AC contains the 
base DG. Suppose, for example, that the base AC is triple 
of the base DG, in this case the surface ABC will be triple 
of the surface DFG. 

Divide the base AC into three equal parts, AN, NR, 

RC, each of which is equal to the base DG, and draw the 
right lines BN, BR. Fig. 

The triangles ABN, DFG being between the same parallels and having equal bases, the 
triangle ABN is (Prop. 31.) equal to the triangle DFG. For the same reason, the 
triangles NBR, IIBC are each equal to the triangle DFG. The triangle ABC is there- 
fore composed of three triangles, each of which is equal to the triangle DFG. Wherefore 
the triangle ABC is triple of the triangle DFG. 

938. Prop. LX. If a line be drawn in a triangle parallel to one of its sides, it will cut the 
other two sides proportionally. 

In the triangle BAC (fig. 293.), if the line DF be parallel to the side BC, it will cut the 
other two sides in such manner that the segment A D will be to the a 

segment DB as the segment A F is to the segment FC. Suppose, for 
instance, the segment AD to be triple of the segment DB, the seg- 
ment AF will be triple of the segment FC. Draw the diagonals 
DC, FB. 

The triangles AFD, DFB are between the same parallels, as will 
be easily conceived by supposing a line drawn through the point F 
parallel to the side AB. These two triangles are therefore to one 
another (Prop. 59.) as their bases; and since the base AD is triple 
of the base DB, the triangle AFD will be triple of the triangle 
DFB. 
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Again, the triangles BFD, FDC are between the same parallels DF, BC, and upon the 
same base DF. These two triangles are therefore (Prop. 31.) equal; and since the 
triangle AFD is triple of the triangle DFB, it will also be triple of the triangle FDC. 

Lastly, the triangles ADF, FDC are between the same parallels, as will be easily con- 
ceived by supposing a line drawn through the point D parallel to the side A C. These 
two triangles are therefore to one another (Prop. 59.) as their bases; and since the triangle 
ADF is triple of the triangle FDC, the base AF will be triple of the base FC. 

939. Prof. LX I. Equiangular triangles Imve their homologous sides proportional. 

In the two triangles ABC, CDF (^. 294.), if the angle A be 
equal to the angle C, the angle B equal to the angle D, and 
the angle C equal to the angle F; tl^e side AC, for example, 
opposite to the angle B is to the side CF opposite to the angle D 
as the side AB opposite to the angle C is to the side CD opposite 
to the angle F. Place the two triangles so thai the sides AC, CF 
shall form one right line, aod produce the sides AB, FD till they 
meet in G. . 

The interior and exterior angles GAF, DCF being equal, the 
lines GA, DC are (Prop. 20.) parallel. In like manner, the dter- 
nate ax^gles GFA, BCA on the swe sides being equal, the lines GF, BC are (Prop. 20.) 
par41el. ^ Wherefore the quadrilateral figure BGDC is a parallelogram, and consequently 
tu opposite; sides are equal In the triangle GAF the line BC, being parallel to the mde 
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FOv cute rProp« GO.) the other two sides proportionally ; that ia* AC is to CF as AB U 
to BO, or its equal CD. 

940. PaoF. LXII. Trianglet the sidet of which are proportional are equiangular. 

In the two triangles BAG, FDG (fg, 295.), if the a 

side AB is to the side DF as the side BC is to the side A 

FG and as the side AC to the side DG, these two tri- / \ 

angles have their angles equal. / \ /\A 

Let the side AB be supposed triple of the side DF; / \ / /\\ 

the side AC must be triple of the side DG, and the side / \ // W 

BC triple of the side FG. / \ // ^\ 

If the triangle FDG be not equiangular with the tri- \ 3 

angle BAG, another triangle may be formed equiangular b c 1 - o 

with it; for example, FLG. But this is impossible; Fis. t 9 ». 

for if the two triangles BAG, FLG were equiangular, their sides would be (Prop. 61.) 
proportional ; and BC being triple of FG, AB would be triple of LF. But AB is triple 
of DF; whence LF would be equaLto DF. For the same reason, LG would be equal 
to DG. Thus, the two triangles FDG, having their three sides equal, would be 

(Prop. 5 .) identical; which is absurdi^tllice their angles are unequal. 

941. PiMMU;, LXIII. Triangles which have an angle in one equal to an angle in the other, 
and the std||p|iB these angles proportional, are equiangular. 

If in thd^Hf triangles BAG, NMP (j^^. 296.) the angle A be equal to the angle M, 
and the 8 id|B|Lbe to the side MN as the side AC is 
to the side ^mjipie two triangles are equiangular. a 

If AB be triple of MN, AC must be triple of MP. A 

Now, if the angle MNP, for example, is not equal to / \ ^ 

the angle ABC, another angle may be made, as M Nil, / \ /\ 

which shall be equal to it. But this is impossible ; for / \ / \ 

the two triangles BAC, NMK, having two angles equal, / \ / \ 

would be ecjuiangular, and consequently (X^rop. 61.) / \ / 

would have their sides proportional ; wherefore, A 13 A A ^ 

being triple of MN, AC would be triple of MR, which FJg.m. 

cannot be, since AC is triple of MP. 

942. Prop. LX IV, A right line which bisects any angle of a triangle divides the side 
opposite to the bisected angle into two segments, which are proportional to the two other sides. 

In the triangle BAC, let the angle BAC be bisected by the right line AD, making the 
angle r equal to the angle s. The segment BD is to the segment 
DC as the side BA to the side AC. / 

Produce the side BA, and draw CF parallel to DA, / 

The lines, DA, CF being parallel, the interior and exterior angles / \ 

•, F are (Prop, 19.) equal, and the alternate angles s, C are (Prop. 17.) / \ 

also equal. And since the angle r is equal to the angle s, the angle F a / \ 

will also be eq^ual to the angle C ; and consequently the side A F is /tv \ 

equal to the side AC. / \ 

In the triangle BFC, the line AD being parallel to the side FC; / \ ' 

BD (Prop. 60.) will be to DC as BA is to AF, or its equal AC. B u 

94i Prop. LX V. To find a fourth proportional to three given lines. p,„. *97. 

I^t the three lines be A, B, C {fg. 298.), it is required to find a fourth line D, such 

that the line A shall be to the line B as the line C is to ^ 

the line D. ® 

Form any angle RFG, naake FM equal to the line ^ 

A, MG equal to the line B, and FN equal to the line ^ 

C; draw the right line MN, and through the point G 

draw GL parallel to MN ; NL will be the fourth pro- n. 

portional required. ^ 

In the triangle FLG the line NM, being parallel to p M c 

the side LG, cuts the other two sides (Prop. 60.) propor- Fie.t 9 i. 

tionally. "V^erefore FM is to MG as FN is to NL; that is, A is to B as C is to D. 

• 944 . Prop. LX VI. To find a third proportional to two given, lines. 

Let the two lines be A, B (fig, 299.), it is required to a. 

find a third line C, such that the line A shall be to the a ^ 

line B as the line B is to the line C. ^ 

Form any angle LFG, make FM equal to the line A, N \ 

MG equal to the line B, and FN eqiud to the line B ; \ 

draw the right line MN, and through the point G draw ^ ^ — 

GL paraUeTtd MN ; NL will be the third proportional S 99 . 

required. 

In the triangle FLG the line NM, being parallel to the side LG, cuts tlie other two 
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Wherefore FM is to MG os FN i» to NL ; that iii A 


sitks (Prc^. 60.) proportionally. 

M to B as B is to C. 

94^. Paop. LX VI I. Jffour Unei h* proportional^ the rectangle or product of the extremee 
if equal to the rectangle or product of the means* 

Let the line A be to the line o as the line C is to the line D (fg. 300.); the rectanj^ls 
formed by the lines A and D is equal to the rectangles formed 
by the lines B and C 

Let the four lines meet in a common point» forming at that 
point four right angles ; and draw the lines parallel to them to 
complete the rectangles ar, y, x. 

If the line A be triple of the line B, the line C will be triple 
of the line D. 

The rectangles or parallelograms a:, z being between the same 
parallels, are to one another as their bases. Since the base A is triple of the base B, the 
rectangle x is triple of the rectangle z. In like manner, the rectangles or parallelograms 
y, z, being between the tmme parallels, are to one another as their bases : since the base 
C is triple of the base D, the rectangle y is therefore triple of the rectangle z. Where- 
fore, the rectangle ± lM*ing triple of the rectangle z, and the rectangle y being triple of the 
same rectangle z, these two rectangles x and y are equal to one another. ^ 

946. Prop. LXVIII, Four lines which have the rectangle or product of Ifjjft^^remes equal 
to the rectangle or product of the means are proportional. 
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Let the four lines A, B, C, D (^jig* 301.) be such that the rectangle 


D is equal 
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to the rectangle of B and C, the Une A will be to the line B as 
tlie line C to the line D. 

the four lines meet in a common point, forming at that 
point four right angles, and complete the rectangles z, y, %. 

If the line A be triple of the line B, the line C will be triple 
of the line D. 

The rectangles x and z, being between the same parallels, 
are to one another as their bases ; since the base A is triple of 
the base B, the rectangle x will be therefore triple of the rectangle z. And the rectangle 
y is, by supposition, equal to the rectangle x ; the rectangle y is therefore also triple of 
the rectangle z. 

Btft the rectangles y, z, being between the same parallels, are to one another as their 
bases. Hence, since the rectangle y is triple of the rectangle z, the base C is also triple of 
the base D. 

947. Prop. LXIX. If ^our lines he proportional^ they are also proportional alternately. 

If the line A is to the line B as the line C to the line D {Jig. 302. ), ^ 

they will be in proportion altematdyj that is, the line A will be to the 

line C as the line B to the line D. ® 

Because the line A is to the line B as the line C is to the line D, ^ 

the rectangle -of the extremes A and D is equal to the rectangle of the d 

means B and C ; whence it follows (Prop. 68.) that the line A is to the 
line C as the line B is to the line D. 

Otherwise, — Suppose the line A to be triple of the line B, the line C will be triple of 
the line D. Hence, instead of saying A is to B as C to D, we may say three times B is to 
B as three times D is to D. Now it is manifest that three times B is to three times D as 
B is to D. Therefore the line A (which is equal to three times B) is to the line C (which 
is equal to three times D) as tlie line B is to the line D. 

948. Prop. LXX. If four lines be proportional^ they will be proportional by compost* 

tion. 

Let the line A be to the line B ai the line C is to the line D {Jig. 303.), they will be 
proportional by comjMsitiou ; that is, the line A joined to the line B will ^ 
be to the line B as the line C joined to the line D is to the line D. ^ 

If the line A contain the line B, for example, three times, and the Una ® 

C contain the line D three times ; the line A joined to tUa line B will c 

contain the line B four timOs, and the Una C joined to the line D will d 

contain the line D four flmes. Therefore the line A joined to the line 
B is to the line B as the line C Joined to the line D is to the line D. 

949. Prop. LXX I. If fiur lines be proportional^ they will be oho proportional by 

division. a 

If the Una A is to the line B as the line C is to the line D {fg. 304.), 

" they will be proportional by division ; that »» line A wanting the 
Une B is to the line B as the line. C wanting the line D is to the Une D. 

If the line A contain the line for example, three times, and the line 
C contain the Une D three times, the line A waiting the line B will con- 
tain the Une B only twice ; and the line G wanting the Une D will also contain the Una D 
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twice. Therefore the line A wanting the line B is to the tine m tfoe line Cf waiting tlif 
line D is to the line D. ^ ^ 

950. Paor. II. If three tinea be propmUpnalt thefirat i 8 t 0 ike third a$ the aquara af 

the fired ia to the aquare of the aecond. 

If the line CD is to the line cd as the line cd is to a third line 3c (fig, 305.), the line CD 

is to the line x as the square of the line CD is to the square of tlra 
line cd. Take CF equal to the line Xt and draw the perpendicular 
FB. 

Since the line CD is to the line cd as the Kne cd is to the line CF, 
the rectangle of the extremes CF, CD, or CL is equal (Prop. 67.) 
to the rectangle of the means, that is, to the square of cd. 

Again, the square of CD and the rectangle of the lines CF, CL, 
being between the same parallels, are to one another (Prop. 58.) as 
their bases. Therefore CD is to CF, or or, as the square of CD is 
to the rectangle of CF and CL, or to its equal the square of cd, 

951. Prop. LX XIII. If two chorda in a circle cut each otiiert the rectangle of the aeg* 

ments of one ia equal to the I'ttlangk of the segments of the ether 

Let the two chords AB, CD (fig, 306.) in the circle cut each other in the point F, the* 
rectangle of AF, FB is equal to the rectangle of CF, FD. Draw 
the two right lines AC, DB. Because in the triangles CAF, BDF 
the angles at the circumference A ahd D arc both measured (Prop. 

43.) by half the arc CB, they are equal. Because the angles C and 
B are both measured (Prop. 42.) by half the arc AD, these angles 
are also equal. And the angles at F are equal, because they are 
verticaL lliese two triangles are therefore equiangular, and conse,. 
quently (Prop. 61.) their sides are proportional. Wherefore the 
side AF opposite to the angle C is to the side FD opposite to the 
angle B as the side CF opposite to the angle A is to the side FB opposite to the 
angle D. Therefore (Prop. 69.) the rectangle of the extremes AF, FB is equal to the 
rectangle of the means CF, FD. 

952. Prop. LX XIV. 2h find a mean proportional between two given lines. 

Let there be two lines A, C (Jig, 307.), it is required to find a third line B, such that 
the line A shall be to the line B as the line B is to the 
lihe C. 

Place the lines A and C in such manner that they shall 
form one right line DGL, and bisect this right line in the 
point F. From the point F, as a centre, describe the cir- 
cumference of a circle DMLN ; then, at the point G, where 
the two lines are joined, raise the perpendicular GM ; GM is 
the mean proportional sought between the lines A and C. 

Produce iVlG to N. 

Because the chords DL, MN cut each other at the point G, the rectangle of the seg* 
ments DG, GL is (Prop. 73.) equal to the rectangle of the segments MG, GN. 

Because the radius FL is perpendicular to the chord MN, FL (Prop. 38.) bisects MN ; 
therefore GN is equal to GM. 

Lastly, because the rectangle the extremes DG, GL is equal to the rectangle of the 
means GM, GN, or its equal GM, DG is to GM as GM is to GL. 'fherefore GM is a 
mean proportional between DG and GI*^ that is, between the lines A and C. 

953. Prop. LXXV. The baaea oead altitudes of equal triangles are in reciprocal or inverw 
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Let the two triangles ABC, DFG (fig, 308.) be equal ; the base AC will be to the 1 
DG, as the perpendicular FM to the perpendicular BL; that 
is, the I ases and altitudes are in reciprocal or inverse rfttio. 

The triangle ABC (Prop. ^4.) is half the product or rect- 
angle of the base AC and the altitude BL. Again, the tri- 
angle DFG is (Prop. 54.) half the product or rectangle of the, 
ba^ DG and the altitude FM. The two triangles being 
ecjual, the two rectangles, which are double of the triangles* 
will therefore also be equaL ^ 

Again, because the rectangle of the extremes AC, BL b 
equm to the rectangle of the means DG, FM ; AC (Prop. 

68.) is to DG as FM is to Bli. 

954. Prop. LXXVL JMangtea the bases alsd altitudea wh«pgo/are in reeiproeal or invtrat 
ratio are e ptal, ' ’ 



In the two triangles ABC, DFG (fig, d09.}, If the baj^ AC be to the base DG as 
peroendicular FM to the perpendicular Bio the surlboes of the two triangles art equaL 
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Bocmim AC it to DG it FM is to BL, the product or rectangle of the extremes AC, 
BL is (Prop. 67.) equal to the product or rectaiigle of the means DG, FM. The halv«»s 
(Corol, to Prop. 27.) of these two rectangles, 
namely, triangles ABC, DFG, are therefore 
equal 

955. Prop. LXXVII. secants drawn 
from the same point to a circle are in the inverse 
ratio of Vte parts which lie out of the circle. 

Let the two secants be CA,’CB 310.); 

CA is to CB as CD is to CF. Draw the 
right lines FB, DA. 

In the triangles CDA, CFB the angles 
at the circumference A and B, being both 
measured (Prop. 42.) by half the arc FD, are 
equal, and the angle C is common to the two triangles. Tliese two triangles are tbere< 
fore (Prop. 23.) equiangular and (Prop. 61.) have their sides proportional. Wherefore 
>he side CA of the first triangle is to the side CB of the second triangle as the side CD 
of the first triangle is to the side CF of the second triangle. 

956. Prop. LXXVII I. The tangent to a circle is a mean proportional between the secant 
and the part of the secant which lies out of the circle. 

In the circle ABD, CB {fig. 31 1.) being secant, and CA tangent, CBistoCAasCA 
is to CD. Draw the right lines AB, AD. 

The triangles CAB, CDA have the angle C common to both. Also 
the angle B is measured (Prop. 42.) by half the arc AFD ; and the 
angle CAD formed by the tangent AC and the chord AD is measured 
(Prop. 41.) by half the same arc AFD. ITie two triar^es CAB, CDA, 
having their two angles equal, are (Prop. 23.), equiangular, and con- 
sequently (Prop. 61.) have their sides proportional. Hence the side 
CB of the greater triangle opposite to the angle CAB is to the side 
CA of the smaller triangle opposite to the angle D as the side CA of 
the greater triangle opposite to the angle B is to the side CD of the 
smaller triangle opposite to the angle A. 

Corollary. From this proposition is suggested a new method of 
finding a mean proportional between two given lines. 

Take CB equal to one of the given lines, and CD equal to the other ; bisect DB ; from 
the point of division, as a centre, describe the circumference DAB ; and draw the tangent 
CA. This tangent is a mean proportional between CB and CD, as appears from the 
proposition. 

957. Prop. LX XIX. To cut a given line in extreme and mean 
ratio. 

Let it be required to divide the line CA {fig. 312.) in extreme and 
mean ratio ; that is, to divide it in such a manner that the whole line 
sltall be to the greater part as the greater part is to the less. 

At the extremity A of the line CA raise a perpendicular AG 
equal to half the line CA ; from the point G, as a centre, with the 
radius GA, describe the circumference ADB; draw the line CB 
through the centre, and take CF equal to CD; the line CA will be 
divided at the point F in extreme and mean ratio. 

Because (Prop. 78.) CB is to CA as CA is to CD, by division, 

(Prop. 71.) CB wanting CA or its equal DB is to CA, as CA wanting 
CD or its equal CF is to CD ; that is, CD or CF is to CA as FA is 
to CD or CF; or, inversely, CA is to CF as CF is to FA, or the line AC is cut in extrema 
and mean ratio. 
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958. Defikitioks. — 1. Fibres are similar which are composed of an equal number of 
physical points disposed in the same manner. Thus, 
the figures ABCDF, abpdf{fig. 313.) are similar, if 
every point of the first figure has its corresponding 
point placed in the same manner in the second. 

Hence it follows, that if the first figure is, for example, 
three times greater than the second, the points of 
which it u composed are three times greater than 
those of the second figure. 

t. In similar figures, those lines are said to be horndtogouM 

which are composed of an equal number of corresponding points. 
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959. Prop LXXX. /n aimiktr fguret the homoloffOUM ndu an pnpofHamU. 

Let the similar figures be ABCDF, abcdf (Jig, 314.), and the boaftologous Ikiet CA, 
CF, off CA is to CF as ca to c/. c 

Since the lilies CA, ca are homologous, they are composed 
of an equal number of corresponding points ; as are also the ^ 

homologous lines CF, c/. If, for instance, the line CA is y / \ \o yfX 

composed of 40 equal points, and the line CF of 30, the u/ / \ y** 

line ca will necessarily be composed of 40 points, and the line y V 

c/ of 30 ; and it is manifest that 40 is to SO as 40 to 30. A"* HP ® / 

Therefore C A is to C P as ca to 

960. Prop. LX XX I. The ctrcumferencee of circles are as their radii. 

The circumference DCB (Jig, 315.) is to the radius AB as the circumference deb is to 
the radius ab. c 

All circles are similar figures, that is, are composed of an / 
equal number of points disposed in the same manner, lliey / \ 

have therefore (Prop. 80.) their homologous lines propor- f \ 

tional. Therefore the circumference DCB is to the radius I A Jb 

AB as the circumference deb is to the radius ab, \ J l \ 

961. Prop. LXXXII. Similar figures are to each otlter as N. ® 

the squares of their homologous sides, 

Let the two similar figures be A, a (Jig, 316.) Upon the fir.sis 

homologous sides CD, cd form the squares B, b, Tlie surface A is to the surface a as the 
square 13 is to the square b. 

Since the figures A, a are similar, they are composed of an equal number of cor* 
responding points ; and since the homologous sides CD, cd are com- x. 
posed of an equal number of points, the squares drawn upon these lines y \ 

B, b are also composed of an equal number of points. / a \ 

If it be supposed that the surface A is composed of 1000 points \ / 

and the square B of 400 points, the surface A will be also composed of ^ f / y\ 
1000 points and the square b of 400. Now it is manifest that 1000 V* / 

is to 400 as 1000 to 400. Wherefore the surface A is to the square B 4 T7*l^ 

as the surface a is to the square b ; and, alternately (Prop. 69.), the sur- i** — 1 — L-J 

face A is to the surface a as the square B to the square b, PJg.316. 

Corollary. It follows that if any three similar figures be formed upon the three sides 
of a right-angled triangle, the figure upon the hypothenuse will be equal to the other two 
taken together ; for these three figures will be as the squares of their sides ; therefore, since 
the square of the hypothenuse is equal to the two squares of the other sides, the figure 
formed upon the hypothenuse will also be equal to the two other similar figures formed 
upon the other sides. 

962. Prop. LXXXIII, Circles are to each other as the squares of their radii. 

Let two circles DCB, deb (Jig. 317.) be drawn. c 

'riie surface contained within the circumference DCB is to y' "n. 
the surface contained within the circumference deb as the / * \ 

square formed upon the radius A B to the square formed upon j \ 

the radius ab, ^ ^ Jb jp 

The two circles, being similar figures, are composed of an \ / j 

equal number of corresponding points, and the radii AB, ab ^ 

being composed of an equal number of points, the squares of ^ ^ 

these radii will also be composed of an equal number of points. Fig.sit. 

Suppose, for example, that the greater circle DCB is composed of 800 points, and the 
square of the greater radius AB of 300 points, the smaller circle dch will also be composed 
of 800 points, and the square of the smedler radius of 300. Now it is manifest that 800 is 
to 300 as 800 to 300. Therefore the greater circle DCB is to the square of its radius AB 
as the smaller circle dch is to the square of its radius ab ; and, alternately, the greater circle is 
to the lesser circle as the greater square is to the lesser square. 

963. Prop. LXXX IV, Similar triangles are equiangular. 

If the two triangles ABC,a&c (jifg. 318.) be composed of an equal number of points 
disposed in the same manner, they are equiangular. p . 

For, since the triangles ABC,a&c are similar figures, they /\>A 
have their sides (Prop. 80.) proportional ; they are therefore / y \ 

(Prop. 62.) equiangular. / / \ \ ^ 

964. Prop. LX XXV. Equiangular triangles are timilar // \\ yV 

If the triangles ABC, aic are equiangular, they are also y \ 

sipiilar. See 318. a c « c 

If the triangle ABC were not similar to the triangle aic, fis.sia 

another triangle might be formed upon the line AC ; for example, ADC, which should be 
similar to the triangle abe. Now, the triangle A DC, bebg similar to the triangle tJbe^ 
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will alflo (Prop. 84.) be equiangular to ahc ; which is impossible, since the triangle ABC 
i^ sii|iposed equiangular to abc. 

965. Prop. LX XX VI. If four lines are proportioned^ their squares are also proportional. 

If the line AB be to the line AC as the line AD is to the line AF {fig, 319,), the square 

of the line AB will be to the square of the line AC 
as the square of the line AD is to the square of the 
line AF. 

With the lines AB and AD form an angle BAD; 
with the lines AC and AF form another angle CAF 
equal to the angle BAD, and draw the right lines 
BD,CF. 

Because AB is to AC as AD to AF, and the con- 
tained angles are equal, the two triangles BAD, CAF 
have their sides about equal angles proportional ; they are therefore (Prop. 63.) equiangular, 
and consequently (Prop. 85.) similar : whence they are to one another (Prop. 82.) a« 
the squares of their homologous sides. If, then, the triangle BAD be a third part of 
the triangle CAF, the square of the side AB will be a third part of the square of the side 
AC, and the square of the side AD will be a third part of the square of the side AF. 
Wherefore these four squares will be proportional. 

966. Prop. Ij XXX VII. Similar rectilineal figures may be divided into an equal number 
of similar triangles. 

Let the similar figures he ABCDF, ahedf and draw the homologous lines CA, co, CF, c/; 
these two figures will be divided into an equal number of 
similar triangles. 

The triangles BCA, bca (fig, 320.), being composed of an 
equal number of corresponding points, are similar. Ihe 
triangles AC F, ac/ and the triangles FCD,ybd are also, for 
the same reason, similar. Wherefore the similar figures 
ABCDF, ofccd/* are divided into an equal number of similar 
triangles. 

967. Prop. LX XXVI 1 1. Similar figures are equiangular. 

The similar figures ABCDF, (see preced. Prop.) have their angles equal. 
Draw the homologous lines CA, ca, CF,r/. The triangles BCA, bca are similar, and con- 
sequently equiangular. Therefore the angle B is equal to the angle 6, the angle BAC to 
the angle 6oc, and the angle BCA to the angle bca. The triangles ACF,ar/, FCD,/cd 
are also equiangular, because they are similar. Therefore all the angles of the similar 
figures ABCDF, a6cc^ are equal. 

968. Prop. LXXXIX. Equiangular figures the sides of which are proportional are 
similar. 

If the figures ABCDF, aftedf (fig, 321.) have their angles equal and their sides propor- 
tional, they are similar. Draw the right lines CA, co, 

CF,c/. 

The triangles CBA,c5a, have two sides proportional and 
the contained angle equal ; they are therefore (Prop. 63.) 
equiangular, and consequently (Prop. 85.) similar. The 
lines CA,ca aic therefore (Prop. 80.) proportional. 

The triangles CAF,caf have two sides proportional and 
the contained angle equal; for if from the equal angles 
BAF,baf be taken the equal angles BAC,5ac, there will renuiin the equal angles CAF, 
oaf. These two triangles are therefore equiangular, and consequently similar. In the 
same manner it may be proved that the triangles CFD, c/d are similar. 

The two figures ABCDF, abedf are then composed of an equal number of similar triangles; 
that is, they are composed of an equal number of points disposed in the same manner, or 
are similar. 
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969. Defikitioks. — 1. A plane is a sur&ce, such that if a right line applied to,it 
touch it in two points it will touch it in every other point. ^ 

The surfiice of a fluid at rest, or of a well-polished table, may 
be considered as a plane. 

2. A right line is perpendicular to a plane if it make right 
an^es with all lines which can be drawn flrom any point in 
that plane. Thus BA (J!g, 322.) is perpendicular to the plane 
MLGFPN, because it ni^es right angles witli the lines AM, m 
AL, AG, Ste, drawn from the point A. 

3 Let AB (fig, 923,) be the common intersection of two planes* 
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II* two tig^t lines LM, FO be drawn, in thew two planes, perp^dbubur to the line 
AB, these will form four an- 
gles at the point C, which are 
called the inclinationa of the ' 
two planes, or the angles 
formed by the two planes. 

4 If the line AB (Jig, 324.) 
revolve about itself, with- 
out changing its place, the 
line AC, which makes an 
^ acute angle with AB, will 

describe in the revolution a concave surface LAC; and the line AD, which makes 
an obtuse angle with AB, will describe in the revolution a convex surface MAD. 

5, But the line AF (Jig. Dcfin. 2.), which makes a right angle with AB, will de- 

scribe in the revolution a surface which will be neither con- 
cave nor convex, but plane : and the line AB will be perpendi- 
cular to the plane MLGFPN, because it will make right angles 
with the lines AM, AL, AG, &c. drawn from the point A in 
that plane. 

6. Two planes are parallel when all perpendiculars drawn from 

one to the other are equal. See Jig. 325., wherein AB, CD 
are equal between the surfaces LM, FG. 

970. Prop. XC. A perpendictUar U the shortest line which eon he 
drawn from any point to a plane. 

From the point B (Jig, 326.), let the right line BA be drawn 

perpendicular to the plane DF ; any other line, as BC, will be longer than the line BA. 

Upon the plane draw the right line AC. 

Because the line BA is perpendicular to the plane DF, the angle B AC is a right angle. 
The square of BC is therefore (Prop. 32.) equal to the squares „ 

of BA and AC taken together. Consequently the square of BC 

is greater tlian the square of BA, and the line BC longer than 
the line BA. 

971. Prop. XCI. A perpendicular measures the distance of any 
point from a plane. 

The distance of one point from another is measured by a right 
line, because it is the shortest lino which can be drawn from one 
point to another. So the distance from a point to a line is measured 
by a perpendicular, because this line is the shortest which can be drawn from the point 
to the line. In like manner, the distance from a point to a plane must be measured by 
a perpendicular drawn from that point to the plane, because this is the shortest line which < 
can be drawn from the point to the plane. 

972. Prop. XCI I. The common intersection of two planes is a right line. 

Let the two planes ALBMA, AFBGA (fig. 327.) intersect each other; the line which 
is common to both is a right line. Draw a right line from the point 
A to the point B. 

Because tlie right line AB touches the two planes in the points 
A and B, it will touch them (Defin. 1.) in all other points ; this line 
therefore, is common to the two planes, therefore the common 
intersection of the two planes is a right line. 

973. Prop. XCIII. If three points^ not in a right line, are com- 
mon to two planes, these two planes are one and the same plane. 

Let two planes be supposed to be placed upon one another, in such 
manner that the three points A, B, C shall be common to the two 
planes ; all their other points will also be commoni and the two planes will be one and 
the same plane. The point D, for example, is common to both planes. Draw the right 
lines AB, CD. 

Because the right line AB (Jig, 328.) touches the two planes in the points A and B, it 
will touch them (Defin. 1.) in every other point; it will therefore 
touch them in the point F. The point F is therefore common to 
the two planes. 

Again, because the right line CD touches the two planes in the 
points C and F, it will touch them in the point D; therefore the 
point D is common to the two planes. The same may be shown 
concerning every other point. Wherefore the two planes coincide 
in all points, or are one and the same plane. . < ^ 

P74. Prop. XCIV. If a right lim.be perpendieular to two right lines which cut each other, 
it will he perpe n dicular to the plare of them right Unee, 
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Let the line AB (Jg, 329.; make right angle* with the line* AC, AD, it will be perpen 
dicular to the plane which passes through these line*. B 

If the AB were not perpendicular to the FDCG, another plane 
might be made to pass through the point A, to which the AB would 
he perpendicular. But this is impossible $ for, since the angles B AC, 

BAD are right angles, this other plane (Defin. 2.) must pass through 
the points C, D; it would therefore (Prop. 93.) be the same with the 
plane FDCG, since these two planes would have three common points 
A,C,D. 

975. Prop. XCV. Fi-om a given point in a plane to raise a perpen^ 
dicular to that plane* 

Let it be required to raise a perpendicular from the point A (/y. 330.) in the plane LM. 

Form a rectangle CDFG, divide it into two 
rectangles, having a common section AB, and 
place these rectangles upon the plane LM in 
such a manner that the liases of tiie two rect- 
angles AC, AG shall be in the plane LM, and 
form any angle with each other; the line AB 
shall be perpendicular to the plane LM. Tlio 
line A B makes right angles with the two lines 
AC, AG, which, by supp^tion, are in the plane 
LM; it is therefore (PidlL 94.) peipendicular 
to the plane LM. ^ 

976. Prop. XCVI, -{f two planes cut each 
other at right angles, and cl right line he drawn in one of the planes perpendicular to their 
common intersection, it will be perpendicular to the other plane* 

Let the twQ^lane* AFBG, ALBM ifig. SSL), cut each other at right angles; if the 
line LC be pe^endicular to their common intersection, it is also per- 
pendicular to the plane AFBG. Draw CG perpendicular to AB. 

Because the lines CL, CG are perpendicular to the common in- 
tersection AB, the an^le LCG (Dehn. S.) is the angle of inclination 
of the two planes. Smce the two planes cut each other perpendi- 
cularly, the angle of inclination LCG is therefore a right angle. 

And because the line LC is perpendicular to the two lines C A, CG 
in the plane ABFG, it is (Prop. 94.) perpendicular to the plane 
AFBG. 

977. Prop. XCVI I. If one plane meet another plane, it makes 
angles with that other plane, which are together equal to two right angles. 

Let the plane ALBM {Jig. 332.) meet the plane AFBG ; these planes will make with each 
other two angles, which will together be equal to two right angles. , 

Through any point C draw the lines FG, LM perpendicular to the line 
AB. The line CL makes with the line FG two angles together equal 
to two right angles. But these two angles are (Defin. 3.) the angles 
of inclination of the two planes. Therefore the two planes make 
angles with each other, which are together equal to two right angles. 

Corollary. It may be demonstrated in the same manner that 
planes which intersect each other have their vertical angles equal, that 
parallel planes have their alternate angles equal, &c. 

978. Prop. XCVI 1 1. If two planes he paidlld to each other, 
a right line, which is perpendicular to one of the planes, will be also perpendicular to the 
other. 

Let the two planes LM, FG {Jig, 333.^ be parallel. If the line BA i/' 
be perpendicular to the plane FG, it will also be perpendicular to the 
p^e LM. From any point C in the plane LM draw CD perpen- 
dicular to the plane FG, and draw BC, AD. 

Because the lines BA, CD are perpendicular to the plane FG, the 
angles A, D are right angles. 
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Because the planes LM, FG are parallel, the perpendiculars AB, ^ 

6.) are equal ; whence it follows that the lines BC, AD 
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DC (Defin. 6. 

are parallel. ^ * "Fig. sas. 

Tlie line BA, being at right angles to the line AD, will also (Prop. 13.) be at right 
angles to the parallel line BC. The line BA is therefore perpendicular to the line BC. 

In the name manner it may be demonstrated that the line BA is at right angles to all 
other liuea which can be drawn from the point B in the plane LM. V^erefiwe (Defin. 8.) 
the line BA is perpendieular to the plane LM. 
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d79. DcriKmoFi. — 1. A idid, as we have before observed, is that which has Icngtl^ 
breadth, and thickness. 

2. A polyftedron is a solid terminated by plane surfaces. 

3. A prism is a solid terminated by two identic^ plane bases 

parallel to each other, and by surfaces which are parallelo* 
grams. (Fi^. 334.) 

4. A paraUdopiped is a prism the bases of which are parallelo- 

grams.- 335.) 

5. A cube is a solid terminated by six square sur&ces : a die, 

for example, is a cube. (Fi^. 336.) 

6. If right lines be raised from every point in the perimeter of Fig. 334. 

any rectilineal figure, and meet in one common point, these lines together with the 
rectilineal figure inclose a solid which 
is called a pyramid* {Fig* 337.) 

7. A cylinder is a solid terminated by two 
])lanes, which arc equal and parallel cir- 
cles, and by a convex surface ; or it is a 
solid formed by the revolution of a pa- 
rallelogram about one of its sides. 

{Fig* 338.) 

8. If right lines be raised from every point 

in the circumference of a circle, and meet in one common point, these lines together 
with the circle inclose a solid, which 
is called a cone* {Fig* 339.) 

9. A semicircle revolving about its diame- 

ter forms a solid, which is called a 
sphere, {Fig. 340.) 

10. If from the vertex of a solid a perpen- 

dicular be let fall upon the opposite 
plane, this perpendicular is called the 
altitude of the solid. In the pyramids 
ACD, Acd {fig. 341.), AB, ab are 
their respective altitudes. 

1 1 . Solids are said to be equals if they inclose an equal space : thus a cone and a pyramid 

are equal solids if the space inclosed within the cone be equal to the space inclosed 
within the pyramid. 

1 2. Similar solids are such as consist of an equal number of physical points disposed in 

the same manner. 

Thus (in the fig. Defin. 10.) the larger pyramid ACD and the smaller pyramid Acd are 
similar solids if every point in the larger pyramid has a point corresponding to it in the 
smaller pyramid. A hundred musket balls, and the same number of cannon l^s, disposed 
in the same manner, form two similar solids. 

980. Prop. XCIX. The solid content of a cube is equal to the product of one of its sides 
twice multiplied by itself. 

Let the lines AB, AD {fig* 342.) be equal. Lot the line AD, drawn perpendicular to 
AB, be supposed to move through the whole length of AB; when it 
arrives at BC, and coincides with it, it will have formed the square DABC, 
and will have been multiplied by the line AB. 

Next let the line AF be drawn equal to AD, and perpendicular to the 
plane DABC ; suppose the plane DABC to move perpendicularly through dL 
the whole length of the line AF; when it arrives at the plane MFGL, 
and coincides with it, it will have formed the cube AFLC, and will have 
been multiplied by the line AF. 

Hence it appears, that to form the cube AFLC, it is necessary, first, to multiply the nde 
AD by the side AB equal to AD ; and then to multiply the product, that is, the square 
of AC, by the side AF equal to AD; that is, it is 
necessary to multiply AD by AD, and to multiply the pro- 
duct again by AD 

981. Prop. C. Similar sdids have their hrmologws Uma^pro^ 
portional. 

Let the two soUds A, a {fig. 343.) be similar ; sad W^eir 
homologous lines be AB, a5, BG, bgt AB will be to BG at 
ab to bg. 

Beeaiise the eolids A, a are similar, every point in the solid 
A has a point eorreiponding to it, and di^msed in the ^afpt 
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nMoner, in the nolid a. Thus, if the line AB |« composed of SK) physical points, and the 
lino BG of 10, the line ab will be composed of 20 corresponding points, and the line 
of 10. Now it is evident that 20 is to 10 as 20 is to 10 ; therefore AB istoBGasoito^;^. 

982. Prop. Ct. Similar solids are equiangular. 

Let the solids (see fig. to preced. Prop.) A, a be similar ; their corresponding angles are 
oquaL 

Because the solids A, a are simUar, the surfaces BAF, 5a/ are composed of an equal 
number of points disposed in the same manner. These surfaces are therefore similar 
figures, and consequently (Prop. 88.) equiangular. The angles B, A, F are therefore equal 
to the angles 5, a, /. In the same manner it may be demonstrated that the other cor- 
respondent angles are equal. 

98.3. PaoF. Cll. Solids which have their angles equal and their sides proportional art 
similar. 

If the solids A, a (^fig, 344.) have their angles equal and their sides proportional, they 
are similar. a 

For if the solids A, a were not similar, another solid might be A 

formed upon the line BF similar to the solid a. But this is im- / ^ 
possible ; for, in order to form this other solid, some angle or // \\ ^ 

some side of the solid A must be increased or diminished ; /' a \\ A 

and then this new solid would not have all its angles equ^ and /j \ \ ^ flA\ 

all its sides proportional to those of the solid a, that is (Prop, //q \ / ^ \^c 

100, 101.), would not be similar. J Y t f 

984. Prop. CIII. Similar solids are to one another as the cubes Fig. 344 . 

of their homologous sides. 

Let A, a (see fig. to preced. Prop. ) be two similar solids, the solid A contains the solid a 
as many times as the cube formed upon the side B F contains the cube formed upon the 
side hf, 

B K;ause the solid A is similar to the solid a, every point in the solid A has its cor- 
responding point in the solid a. From whence it follows, that if the side BF is composed, 
for example, of 50 points, the side hf will also be composed of 50 points ; and conse- 
quently the cubes formed upon the sides BF, 1/ will be composed of an equal number 
of points. 

Let it then be supposed that the solid A is composed of 4000 points, and the cube of 
the side BF of 5000 points ; the solid A must be composed of 4000 points, and the cube 
of the side hf of 5000 points. Now it is evident that 4000 is to 5000 as 4000 to 5000. 
Wherefore the solid A is to the cube of BF as the solid a to the cube of hf ; and, alter- 
nately, the solid A is to the solid a as the cube of BF to the cube of bf 

CoROLLART. It may be demonstrated in the same manner that the spheres A, a 

(Jiff- 345.), which are similar solids, arc to . — 

one another as the cubes of their radii AB, — f 

ab. / A \ 0 

. 985. Prop. CIV. The solid content of ( V 

et petpendiculhr prism is e(jual to the product \ j { a — b 

of its base and height. V J -« D 

The solid content of the perpendicular I . v 

prism A BCD (/( 7 . 346.) is equal to the Fig. 345 Fig. ms. 

product of its base AD, and height AB. 

If the lower base AD be supposed to move perpendicularly along the height AB till it 
coincides with the upper base BC, it will have formed the prism ABCD. Now the base 
AD will have been repeated as many times as there are physical points in the height AB. 
Therefore the solid content of the prism ABCD is equal to the product of the b^ mul- 
tiplied by the height. 

Corollary. In the same manner it may be demonstrated that the aolid content of the 
perpendicular cylinder ABCD is equal to the product of its base AD and height AB. 

986. Prop. C V. The soHd content of an inclined prism is equal to the product of its hose 
and height. 

Let the inclined prism -be CP (/y, 347.), it is equal to the product of its base PP 
and its height CD. — 

Conceive the base NB of the perpendicular prism NA, and \ — 9A -A 
the base BP of the inclined prism PC, to move on in the same \ ' \ ' 

time parallel to themselves ; when they have reached the points ^ ^ 

A and C, each of them will have been taken over again the p 85 ■ ‘Y \ 

same number of times. But the base NB will have been taken \ \ ..\,\p 

over again ( Prop. 1 04. ) as many times as there are physical points \| \7 

in the height CD.- The base RP will therefore have been taken ^ ^ 

over again as aofny times as there are physical points in CD. nff.347. 

C.onsequentlr the solid content of the Inclined prism CP is equal to the nroduet of ibi 
RP and the heiirht CD. ^ 
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987. P&or. CVL In a pyramid^ a section parallel to the hose {§ thnilar to the hate. 

Let the section cd be parallel to the base CD 848.) ; this section is a figure akniUur 
to the base. Draw AB perpendicular to the l^se CD ; draw also 
BC, be, BE, he. t 

Because the planes cd CD are parallel ; AB, being perpendicular to 
the plane CD, will also (Prop. 98.) be perpendicular to the plane erf; ^ yV. 
whence the triangles Abe, ABC, having the angles 6, B right angles, >7 \ \ ^ 

and the angle A common, are equiangular. Therefore (Prop. 61.) Ab 
is to AB as &e to BC, and as Ac to AC. / / “ \ 

In like manner it may be proved that A5 is to A B as Be to V'y 

BE, and as Ac to AE. Consequently if Ab be one third part of AB, 
be will be one third part of BC, 6c the same of BE, Ac of AC, and As , * 

ofAE. ^ ^ 

Again, in the two triangles cAc, CAE, there are about the angle A, common to both, 
two sides proportional; they are therefore (Prop. 63.) equiangular, and consequently 
(Prop. 61.) have their other sides proportional. Therefore cc will be proportional to 
C£. 

The two triangles ebe, CBE, having their sides proportional, are therefore (Prop. 891) 
similar. The same may be demonstrated conocming all the other triangles which form the- 
planes erf, CD. Therefore the section cd is similar to the base CD. 

Remark. If the perpendicular AB fall out of the base ; by drawing lines from the 
points 6, B, it may be demonstrated in the same manner that the section is similar to the 
base. 

988. Prop. CVII. In a pyramid, aectiona parallel to the base are to one another as /Aa 
equarea of their heights. 

Let CD erf (fg. 349.) be parallel sections. From the vertex A draw a pcrpendiculai 
AB to the plane CD : the plane erf is to the plane CD as the square of 
the height A 6 is to the square of the height AB. Draw BC, he. A 

The line AB, being perpendicular to the plane CD, will also (Prop. 

98.) be perpendicular to the parallel plane erf; whence the angle Abe A i\\ 

is a right angle, and also the angle ABC. Moreover, the angle at A /' I \\ . 
is common to the two triangles Abe, ABC ; these two triangles, there- 
fore, are equiangular. Therefore (Prop. 61.) the side cb is to the side I '1^ \ 

CB as the side Ab is to the side AB ; and consequently the square of //*' \ 

cb is to the square of CB as the square of Ab to the square of AB. li, X.\/ 

The planes erf, CD, being (Prop. 106.) similar figures, are to one ^ 
another (Prop. 82.) as the squares of the homologous lines cb, CB ; rig. 349. 

they are therefore also as the squares of the heights Ab, AB. 

CoRor.LARY. In the same manner it may be demonstrated that in a cone the section* 
parallel to the base are to one another as the squares of the heights or perpendicular dis- 
tances from the vertex. 

989. Prop. CVII I. Pyramids of the same height are to one another aa their bases. 

Let A, F (fg. 350.) l>e two pyramids. If the perpendicular AB be equal to the perpen- 
dicular FG, the pyramid A is to the pyramid Fa p 

as the base CD to the base LM. Supposing, A 

for example, the base CD to be triple of the base // \\ A ! U 

LM, the pyramid A will be triple of the py- n VV ji i \\ 

ramid F. ^ 

Two sections erf, Im, being taken at equal \ 

heights Ab, Fp, the section erf is (Prop. 107.) / l^.X / L i \— Am 

to the base CD as the square of the height Ab // T/ ° ° \/ 

to the square of the height AB ; and the section ^ 

Im is to the base LM as the square of the pig. zbo. 

height F^ to the square of the height FG. 

And because the heights are equal, AB to FG, and Ah to F^, the Section erf is to the has* 
CD as the section Im to the base LM ; and, alternately, the section cd is to the section bn as 
the base CD is to the base LM. But the base CD is triple of the base LM, therefore 
the section erf is also triple of the section Im. 

Because the heights AF, FG are equal, it is manifest tha* the two pyramids are com- 
posed of an equal number of physical surfaces placed one upon mother. Now it may be 
demonstrated in the same manner that every surface or section of the pyramid A is triple 
of the corresponding surface or section of the pyramid F. Therefore the whole pyramid 
A is triple of the whole pyramid F. 

Corollary. t*yramids of the same height and e^ual bases are equal, since they are to 
one another as their bases. 

990. Prop. CIX. A pyramid whose base ia that of a cube and whose veries is at the eentm 
f^iha oatbe ia equal to a third part of the product of its height and base, 

H 
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C.et the cube AM and the pyramid C (Jig, 351.) have the fame base AD, and let the ver- 
tea of the pyramid be at the centre of the cube C ; this pyramid 
if equal to a third part of the product of its height and base. 

Conceive right lines drawn from the centre of the cube to its 
eight angles A, B, D, F, N, G, L, M, the cube will be divided into 
fix equal pyramids, cacli of which has one surface of the cube for 
its base, and half the height of the cube for its height; for 
example, the pyramid CABDF. 

Three of these pyramids will therefore be equal to half the 
cube. Now the solid content of half the cube is (Prop. 99.) 
equal to the product of the base and half the height. Each pyramid, therefore, will be 
squal to one third part of the product of the base, and half the height of the cube ; that is, 
the whole height of the pyramid. 

991 . Prop. CX. The solid content of a pyramid is equal to a third part of the product of 
its height and hose. 

Let RPS (Jig, 352.) be a pyramid, its solid content is equal to a third part of the pro- 
duct of its height and its base RS. 

Form a cube the height of which BL is double of the height 
of the pyramid' RPS. A pyramid the base of which is that of 
this cube and the vertex of which is C, the centre of the cube, 
will be equal to a third part of the product of its base and 
height. 

The pyramids C and P have the same height ; they are there- 
fore (Corol. to Prop. 108.) to one another as their bases. If the 
base AFDB is double of the base RS, the pyramid C will there- 
fore be double of the pyramid P. 

But the pyramid C is equal to a third part of the product of its height and base. ITie 
pyramid P will therefore be equal to a third part of the product of the same height, and 
half the base AFDB, or, which is the same thing, the whole base RS. 

992. Prop. CXI. The solid content of a cone is equal to the third part of the product of 
its height and base. 

For the base of a cone may be considered as a polygon composed of exceedingly small 
sides, and consequently the cone may be considered as a pyramid having a great number 
of exceedingly small surfaces; whence its solid contents will be equal (Prop. 110.) to one 
third part of the product of its height and base. 

993. Prop. CXII. The solid content of a cone is a third part of the solid content of a 
cylinder described about it. 

Let the cone BAG and the cylinder BDFC (fig. 353.) have the same height and 
base, the cone is a third part of the cylinder. 

For the cylinder is ecjual to the product of its height and base, and the 
cone is equal to a third part of this product. Therefore the cone is a third 
part of the cylinder. 

994. Prop. CXII I. The solid content of a sphere is equal to a third part 
of the product of its radius and surface. 

Two points not being sufficient to make a curve line, three points will 
not be sufficient to make a curve surface. If, therefore, all the physical 
points which compose the surface of the sphere C (fig. 354.) be taken three 
by three, the whole surface will be divided into exceedingly small plane surfaces; and radii 
being drawn to each of these points, the sphere will be divided into small 
pyramids, which have their vertex at the centre, and have plane bases. 

The solid contents of all these small pyramids will be equal (Prop. 1 10.) 
to a third part of the product of the height and bases. Therefore the solid 
content of the whole sphere will be equal to a third part of the product of 
the height and all the bases, that is, of its radius and surface. 

995. Prop, CXIV. The surface of a sphere is equal to four of its great 
circles. 

If a plane bisect a sphere, the section will pass through the centre, and it is called a great 
circle of the sphere. 

Let ABC13 (fig. 355.) be a square ; describe the fourth p^art of the circumference of a 
circle BLD ; draw the diagonal AC, through G, the right line FM, 
parallel to AD, and the right line AL. 

In the triangle ABC, on account of the equal sides AB, BC, the angles 
A and C are (Prop. 4.) equal ; therefore, since the angle B is a right angle, ^ 
the angles A and C are each half a right angle. Again, in the triangle 
AFG, because the angle F is a right angle, and the angle A half a right 
angle, the angle G is also half a right angle ; therefore (Prop. 26.) AF is 
equal to FG. 
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The radius AL is equal to the radius AD : but AD is equal to FM ; therei^re AL Is 
equal to FM. 

In the rectangular triangle AFL the square of the hypothenuse AL is equal (Prop. 32.} 
to the two squares of AF and FL taken together. Instead of AL put its equid FM, and 
instead of AF put its equal FG ; and the square of FM will be equal to the two squares 
of FO and FL taken together. 

Conceive the square A BCD to revolve about the line AB. In the revolution the square 
will describe a cylinder, the quadrant a hemisphere, and the triangle ABC an inverted 
cone the vertex whereof will be in A. Also the line FM will form a circular section of a 
cylinder, the line FL will form a circular section of a hemisphere, and the line FG a cir- 
cular section of a cone. 


These circular sections, or circles, are to each other (Prop. 83.) as the squares of their 
radii ; therefore, since the square of the radius FM is equal to the squares of the radii FL 
and FG, the circular section of the cylinder will be equal to the circular sections of the 
hemisphere and cone. 

In the same manner it may be demonstrated that all the other sections or circular sur- 
faces whereof the cylinder is composed are equal to the corresponding sections or sur&ces 


of the hemisphere and cone. Therefore the cylinder is equal to the 
hemisphere and cone taken together: but the cone (Prop. 112.) is 
equal to a third part of the cylinder ; the hemisphere is therefore 
equal to the remaining two thirds of the cylinder ; and consequently 
the hemisphere is double of the cone. The cone BSC 356.) is 
(Prop. HI.) equal to a third part of the product of the radius and 
base BC, which is a great circle of the sphere: the hemisphere ALD 
is therefore equal to a third part of the product of the radius and 
two of its great circles ; and consequently the whole sphere is equal 
to a third part of the product of the radius and four of its great circles. 



, since tlie sphere is equal 


the product of the radius and surface of the sphere, and also to a third part of the pro- 
duct of the radius and four of its great circles, the surface of the sphere is equal to four 
of its great circles. 


Sect. II. 

FKACTICAL GEOMETRY. 

996. Practical Geometry is the art of accurately delineating on a plane surfkce any 
plane figure. It is the most simple species of geometrical drawing, and the most generally 
useful ; for the surfaces of buildings and other objects are more frequently plane than 
curved, and they must be drawn with truth, and of the required proportions, before they can 
be properly executed, unless in cases where the extreme simplicity of the form renders 
.t improbable that mistakes should arise. It has been defined as the art which directs 
the mechanical processes for finding the position of points, lines, surfaces, and planes, 
with the description of such figures on diagrams as can be intelligibly understood by de- 
finition, according to given dimensions and positions of lines, points, &c. 

No pait of a building or drawing can be laid down or understood without the assistance 
of practical geometry, nor can any mechanical employment in the building department be 
conducted without some assistance from this branch of the science. Cases frequently occur 
requiring a knowledge of very complex problems, as in masonry, carpentry, and joinery ; 
but these will be given in other parts of this work. 

The demonstration of most of the following problems will be found in the preceding 
section; we therefore refer the reader back to it for definitions, and for the proof of 
those enunciations which will follow. 

PROBLEMS. 

997. Problem I. To bisect a line AB ; that ist to divide tt into tum eqmeU parts. 

From the two centres A and B (Jiff, 357.) with any equal radii describe arcs of circles 
intersecting each other in C and D, and draw the line CD. llus will bisect the given 
line in the point E. 

998. Prob. II. To hiseet an angle 3 AC, 

From the centre A (y^. 358.) with any radius describe an arc cutting off* the equal 
bncs AD, AE; and from the two centres D, £, with the same radius describe arcs in- 
tersecting in F, then4raw AF, and it will bisect the angle A, as required. 

999. PaoB. III. At a given point C in a line AB to erect a perpendicular* 

XT 9. 
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From the given point C 359.) with any radius cut off any equa parts CIX CE 
of the given line ; and from the two q 
centres D and E with any one radius de- ^1- J 

scribe arcs intersecting in F. Then join *' A 

CF, and it will be the perpendicular re- / \ p 

quired. / \ 

Otherwise — When the given point C ^ ^ ol \b 

is near the end of the line. / \ / 1 ' 

From any point D (Jig* 360.) assumed / \ / I \ 

above the line as a centre, through the y \ / I \ 

given point C describe a circle cutting ^ c ,5 ~ ^ 

the given line at E, and through E and rig.ssT. f%. 85 S. Fig.sss. ^ 

the centre D draw the diameter EDF ; 

then join CF, and it will be the perpendicular required. 

1000. Prob. IV. From a given point A to let fall a perpendicfdar on a line BC, 

From the given point A (fig. 361.) as a 
centre with any convenient radius describe an “I 

arc cutting the given line at two points D 


and E ; and from the two centres D and E 
with any radius describe two arcs intersecting 
at F; then draw AF, and it will be the 
perpendicular to BC required. 

Otherwise — When the given point is 
nearly opposite the end of the line. 

From any point D in the given line BC 
(Jh- 362.) as a centre, describe the arc of 
a circle through the given point A cutting 
BC in E ; and from the centre E with the 
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radius EA describe another arc cutting the former in F ; then draw AGF, which m'UI be 
the perpendicular to BC required. 


1 001 . Prob. V. At a given point A, in a 
line AB, to make an angle equal to a given 
angle C. 

From the centres A and C 363.) 
with any radius describe the arcs DE, FG ; 
then with F as a centre, and radius DE, de- 
scribe an arc cutting FG in G ; through 
G draw the line AG, which will form the 
angle required. 

1002. Prob, VI. Through a given point 
C to draw a line parallel to a given line AB. 



FIr. 56S. Fig. 365. 


Case I. 

Take any point d in AB (fig. 364.) ; 
upon d and C, with the distance Cd, describe 
two arcs, eC and df cutting AB in e and d. 

Make df equal to cC ; and through f draw 
Cft .and it will be the line required. 

Case II. 

Wiion. the parallel is to be drawn at a given distance from AB. 

From any two points c and d in the line AB, with a radius equal to the piven distance 
describe the arcs e and/; draw the line CB to touch those arcs without cutting them, and 
it will be parallel to A B, as required, 

1003. Prob. VII. To divide a line AB into any proposed number of equal pttrlu 

Draw any other line AC (fig. 365.), forming any angle with 

the given line AB ; on the latter set off as many of any equal 
parts AD, DE, EF, FC as those into which the line AB 
is to be divided; Join BC, and parallel thereto draw the other 
lines FG» EH, DI ; then these will divide AB, as required, 

1004. Prob. VIIL To find a third proportional to two other 

Hnee AB, AC. ^ F!it. 36 .i, 

l^et the two given lines be placed to form any angle at A (fig. 366,), and in AB take 
AD equal to AC; join BC, and draw DE parallel to it; then AE will be tlie third 
proportional sought. 




Fig. 564. 
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1005. Prob. IX. Th find a fourth proportional tothrto Unti AB» AC» AD* 

Let two of the lines AB» 

AC 0?^. 367.)» be so placed B 

as to form any angle at A, ^ a — -c 

and set out AD on AB; join ^ - p 

BC, and parallel to it draw ^ C 

DE; then AE will bo the 
fourth proportional required, 

1006. PaoB. X. To find a \ 

mean proportional between two 

BC (Jg. S68.) 

joined together in one straight line AC, which bisect in the point O; then with the 
centre O and radius ^ 

OA OP OC describe 

the semicircle ADC, ^ ^ I 1 

to meet which erect n \ 

the perpendicular BD, ^ ^ ^ 'N. /x \ ' i / 

which will be the ^ f \ f \ 

mean proportional be- [ o \ I \ 

tween AB and BC / \ I / \ ^ / 

sought. / \ V / \ / 

1007. Prob. XL To / « \ / 

find the centre of a A o b c c 

circle. Fig. 568. Pig. 569. Fig. 570. 

Draw any chord AB 

(Jig. 369.), and bisect perpendicularly with the line CD, which bisected in O will be the 
centre required. 

1008. Prob. XII. To describe the circumference of a circle through three points A, B, C. 
From the middle point B (Jig.ZlO.') draw the chords BA, BC to the two other points, 

and bisect these chords perpendicularly by lines meeting in O, which will be the centre ; 
from the centre O, with the distance of any one of the points, as OA, describe a circle^ 

and it will pass through the two other points jj a c u a r 

B, C, as required. ? 

1009. Prob. XIII. To draw a tangent to a / \ 

circle through a given point A. / \ j \ 

When the given point A 371.) is in the | ^ 1 1 i 

circumference of the circle, join A and the I ) \ ^ 1 

centre O, and perpendicular thereto draw \ / V / 

BAC, which will be the tangent required. Nv 

If the given point A K^fig* 372.) be out of 

the circle, draw AO to the centre O, on * ig.87S. 

which, as a diameter, describe a semicircle cutting the given circumference in D, through 
which draw BA DC, which will be the tangent required. 

1010. Prob. XIV. 'To draw an equilateral 

triangle on a given line AB. VV 

From the centres A and B (fig, 373.) / \ \ 

with the distance AB describe arcs inter- / \ Xq 

secting in C ; draw AC, BC, and ABC will / \ 

be the equilateral triangle. / \ R- " c 

1011. Prob. XV. To make a triangle with ^ ^ B— c 

three giveri lines AB, ACi BC, ^ _ , 

With the centre A and distance AC (fig, ^ 

B74.) describe an arc ; with the centre B and distance BC describe another arc cutting 
the former in C ; draw AC, BC, and ABC will be the triangle required. 

1012. Prob. XVL To make a square on ct d c 

given line AB. c 

Raise AD, BC (fig. 375.) each perpendi- 
cular and equal to AB, and join DC; then 

ABCD will be the square sought. K 

1013. Prob, XVII, To inscribe a circle in I 

« given triangle ABC. A B b 

Bisect the angles at A and B with the two Fig. 374 . Fig. 576 . 

lines AD, BD (fig. 376,); from the intersection D, which will be the centre of the 
circle, draw the perpendiculars DE, DF, DG, and they will be the radii of the circle re- 
quired. 

1014. PaoB. XVIIL To describe a circle aifout a given triangle ABC. 
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Biaeot sny two sides with two of the perpendiculars DE, DF, DO (flg* 377. }» and D 
will be the centre of the circle. A ^ 

1015. PaoB. XIX. To inscribe a% equilateral c 

triangle in a given circle. f / \ ' 

Through the centre C draw any diameter AB / qY \ ( / C\ \ 

(Jig. 378.) ; from the point B as a centre, with / \ 1 ) 

the radius BC of the given circle, describe an ^ l/ \) ^ 

arc DCE ; join AD, AE, DE, and ADE is the y 

equilateral triangle sought. 

1016. PaoB. XX. To inscribe a square in a 
given circle. ( Hid/ A B, B C, ^c. form e an octagon . ) 

Draw two diameters AC, BD (fig. 379.) crossing at right angles in the centre E ; then 
join the four extremities A, B, C, D with right „ 

lines, and these will ft)rm the inscribed square ?! p Q 

ABCD. Y/ \\ /^"r^ 

1017. pROB. XXI. To describe a square about (Y X \ 

s given circle. ^ ^ ^ 

Draw two diameters AC, BD crossing at right VV Yj p j 

angles in the centre E (Jig. 380.) ; then through \\. Y y \ J 

the four extremities of these draw FG, IH pa- ^Y^yYY 

rallel to AC, and FI, GH parallel to Bl), and ^ ? 

they will form the square FGHI. fir.^so. 

1018. PaoB. XXII. 2b inscribe a circle in a given square. 

Bisect the two sides FG, FI in the points B and A (see fig. 380.); then through these 
two points draw AC parallel to FG or IH, and BD parallel to FI or GH. Then the 
point of intersection E will be the centre, and the four lines EA, EB, EC, ED radii of the 
inscribed circle. 

1019. Phob. XXIII. To cut a given line in extreme and mean ratio. 

Let AB he the given line to be divided in extreme and mean ratio 381.); that is, 

BO that the whole line may be to the greKk^t pi|| ^ 

as the greater part is to the less part. . i j 

Draw BC perpendicular to AB, and equal to / 

half AB; join AC, and with the centre C and / A 

distance CB describe the circle BDF; then with ( / \ \ 

A as a centre and distance AD desciibe the arc / /\ / / C\\ 1 

DE. Then AB will be divided in E in extreme / r /._ b \ / \\ j 

and mean ratio, or so that AB is to AE as AE is I ,/ j \ 

to EB. \ / y 

1020. Prob. XXIV. 7b inscribe an isosceles B 

triangle in a given circle tliat shall have each of the 

angles at the base double the angle at the vertex. 

Draw any diameter AB of the given circle (fig. 382.), and divide the radius in the 
point D in extreme and mean ratio (by the last problem) ; from the point B the 
chords BE, BF, each equal to the greater part 
CD; then join AE, AF, EF ; and AEF will be a 

triangle required. F 

1021. Prob. XXV. To inscribe a regular pen- /r\ 

tagon in a given circle. (Half AH. ^c. is a decagon.') A / \ /i® [ 11 

Inscribe the isosceles triangle AB (fig. 383.) 1\ / \ ] \ ^.-■'''''*1^^^ 1' 

having each of the angles ABC, ACB double the \ A .X/® 

angle BAG (Prob. 24.) ; then bisect the two arcs 

ADB, A EC, in the points D, E ; and draw the ^ D 

chords AD, DB, AE, EC; then ADB CE will rig.sss. Fii(.s84. 

be the inscribed regular pentagon required. 

1022. Prob. XXVI, 7b inscribe a regular hexagon in a circle. (Half AB, ^c. forms 
a dodecagon.) 

Apply the radius of the given circle AO as a chord (fig. 384.) quite round the ciromn- 
ferenoe, and it will form the points thereon i 

of the regular hexagon ABCDEF. 

1023. Prob. XXVII. To describe a re- 

yvlor pentagon or hexagon about a circle. 7\Vvh 'v \ t / \Sk 

In the given circle inscribe a regular \// Ng/ \\/ \( \}/ \) 

polygon of the aame name or numl^r of A o / 

sides as ABCDE (fig. 385.) by one of the Xv \ 1 

foregoing problems ; then to edl its angu- \V >7 

lar points draw (Prob. 13.) tangents, and 

these will by their intersections form the rig. 386 . flassk. 

oireuniaoribing polygon required. 


(Half AB, ^c. forms 




Chaf. I, 


PRACTICAL GEOMETRl. 


1024. Prob. XXVTIT. Tb inscribe a circle in a regular polygon* 

Bisect any two Bides of the polygon by the perpendiculars GO, FO {Jig, 386.), and 
their intersection O will be the centre of the inscribed circle, and OG or OF will be the 
radius. 

1025. PaoR. XXIX. To describe a circle about a regular pdygan. 

Bisect any two of the angles C and D with the lines CO, DO {fig, 387.), then then 
intersection O will be the centre of the cir- a 

cumscribing circle ; and OC or OD will be nX n c 

the radius. 

1026. Prob. XXX. To maJu a triangle ^ / yW \ 

equal to a given quadrilateral h-H^Cn. 1\ j / y/' / \ 

Draw the diagonal AC (^^r. 388.), and NA/' x// \ . 

parallel to it DE, meeting BA produced at ^ A B 

E, and join CE ; then will the triangle CEB 
be equal to the given quadrilateral A BCD. 

1027. PaoB. XXXI. To make a triangle egual to a given pentagon ABCDE. 

Draw DA and DB, and also EF, CG parallel to them {fig, 389.), meeting AB pro- 
duced at F and G ; then draw DF and ^ 

DG, so shall the triangle DFG be equal to C B ]' 

the given pentagon ABCDE. yw! 

1028. PaoB. XXXII. To make a recU / j \ 

angle equal to a given triangle A'BC. jy / \ \j \ / 

Bisect the base AB in D {fig 390.), then I/K : \ /X / 

raise DE and B F perpendicular to AB, and j/ \/ y \ / \ 

meeting CF parallel to AB at E and F. f a 5 O n i> » 

Then DF will be the rectangle equal to fir. sso. Pig. sue. 

the given triangle ABC. 

1029. Pkob. XXXIII. To make a square equal to a given rectangle ABCD. 

Produce one side AB till BE be equal to the other side BC (^^7. 391.). On AE as a 

diameter describe a circle meeting BC pro- Ac B 

duced at F, then will BF be the side of p p ”*'*1 

the square BFGH equal to the given rect- n ~ \ / 

angle BD, as required [/ \ V / 

1030. Prob. XXXIV. To draw a cate- f \ 

nary, c Cd {fig. 392. ) ^ 1 C 

A catenary is a curve formed by a flexible Pig.ssi. Fig. sat. 

cord or chain suspended by its two extremi- 
ties. Let c, d in the line A B {fig. 392.) be the two points of suspension, and from them 
let the cord or cl>ain be hung so as to touch the point C the given depth. From tliis the 
curve may be traced on the paper. 

1031. Prob. XXXV. To draw a cycloid. C 

Any points h {fig. 393.) in the circumference of a circle \ 

rolled along a right line AB till such point is again in contact / \ 

with the said line, generate a cycloid. Let BC be the circle, 1/ \ 

Then AB is equal to the semi -circumference of such circle, /“ j 

and any chords at whose extremities 5, lines ab, ab, equal to 4 A. / 

the lengths of arcs they cut otF, drawn parallel to AB, will 

furnish the necessary points for forming the curve. 5 ^^ 

1032. Peob. XlXXVI. To draw a diagonal scale. 

Let it be of feet, tenths and hundredth parts of a foot. Set off’ on AB {fig, 394.) as 
many times as necessary, the number of feet by equal 

distances. Divide AG into ten equal parts. On AB d Q , . r , ^ 

raise the perpendiculars BD, GG, and AC, and setoff \\\ \ \ \‘ 

on AC ten equal divisions of any convenient length, rH \ \ \ \ \ \ ' 

through which draw horizontal lines. Then, from the — \ \ \ \ \ V 

point G in DC to the first tenth part from G to A in H vl n i T ' l 

BA draw a diagonal, and parallel thereto the other Mil l ' ill 

^ diagonals required. The intersections of these diago- — ■ — \ '\ 

* nals with the horizontal lines give hundredth parts of b o a 

a foot, inasmuch as each tenth is divided by the diago- rig. 

rals into ten equal parts in descending. 
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PLANE TRIGONOMETRT. 

1053. Plane Trigonometry is tliat branch of mathematics whose object is the investigation 
and calculation of the sides and angles of plane triangles. It is of the greatest importance 
to the architect in almost every part of his practice ; but the elements will be sufficient for 
his use, without pursuing it into those more abstruse subdivisions which are essential in 
the more abstract relations which connect it with geodisic operations. 

1034. We have already observed that every circle is supposed to be divided into 360 
equal parts, called degrees, and that each degree is subdivided into 60 minutes, these 
minutes each into 60 seconds, and so on. Hence a semicircle contains 180 degrees, and a 
quadrant 90 degrees. 

1035. The measure of an angle is that arc of a circle contained between those two lines 
which form the angle, the angular point being the centre, and such angle is estimated by 
the number of degrees contained in the arc. Thus, a right angle whose measure is a 
quadrant or quarter of the circle is one of 90 degrees (Prop. 22. Geometry) ; and the sum 
of the three angles of every triangle, or two right angles, is erjual to 180 degrees. Hence 
in a right-angled triangle, one of the acute angles being taken from 90 degrees, the other 
acute angle is known; and the sum of two angles in a triangle taken from 180 degrees 
leaves the third angle ; or either angle taken from 180 degrees leaves the sum of the other 
two angles. 

1036. It is usual to mark the figure which denotes degrees with a small ° : thus, 60® 
means 60 degrees ; minutes are marked thus ' : hence, 45' means 45 minutes ; seconds are 
marked thus 49" meaning 49 seconds ; and an additional comma issuperadded for thirds, 
and so on. Thus, 58® 14' 25" is read 58 degrees, 14 minutes, 25 seconds. 

1037. The complement of an arc is the quantity it wants of 90 
degrees. Thus, AD (Jiff. 395.) being a quadrant, I3D is the com- 
plement of the arc AB, and, reciprocally. All is the complement 
of BD. Hence, if an arc AB contain 50 degrees, its complement 
BD will be 40. 

1038. The supplement of an arc is that which it wants of 180 
degrees. Thus, ADE being a semicircle, BDE is the supplement 
of the arc AB, which arc, reciprocally, is the supplement of BDE. 

'iTius, if AB be an arc of 50 degrees, then its supplement BDE 
will be 130 degrees. 

1039. The line drawn from one extremity of an arc perpendicu- 
lar to a diameter passing through its other extremity is called a 
sine or right sine. Thus, BF is the sine of the arc AB, or of the 
arc BDE. Hence the sine (BF) is half the chord (BG) of the double arc (BAG). 

1 040. That part of the diameter intercepted between the arc and its sine is called the 
versed sine of an arc. Tims, AF is the versed sine of the arc AB, and EF the versed sine 
of the arc EDB. 

1 041 . The tangent of an arc is a line which touches one end of the arc, continued from 
thence to meet a line drawn from the centre, through the other extremity, which last line is 
called the secant of the arc. Thus, AH is the tangent and CH the secant of the arc 
AB. So El is the tangent and Cl the secant of the supplemental arc BDE. The latter 
tangent and secant are equal to the former ; but, from being drawn in a direction opposite 
or contrary to the former, they are denominated negative. 

1042. The cosine of an arc is the right sine of the complement of that arc. Thus BF, 
the sine of AB, is the cosine of BD. 

1043. The cotangent of an arc is the tangent of that arc’s complement Thus AH, which 
it the tangent of AB, is the cotangent of BU. 

1044. llie cosecant of an arc is the secant of its complement Thus CH, which is tlie 
secant of AB, is the bosecont of BD. 

1045. From the above definitions follow some remarkable properties. 

I. That an arc and its supplement have the same sine, tangeitt, and secant ; but the two , 
Utter, that is, the tangeitt and the secant are accounted negative when the arc exceeds a qua- * 
draui, or 90 degree. 11. When the arc is 0, or nothing, the secant then becomes the 
radius CA, which is the least it can be. As the arc increases from 0, the sines, tangents, and 
secanto ail increase, till the arc becomes a wliole quadrant AD ; and then the sme is the 
greatest it can bei being equal to the radius of the cucle; under which circumstance the 
tangent and secant are infinite. III. In every arc AB, the versed sine AF, and the 
cosine BKor CF, are together equal to the radius of the circle. The radius CA, the 
tangent AH, and the secant CH, form a right-angled triangle CAII, Again, the radius, 
tine, and cosine brm another right-angled triangle CBFor CBK. So aUo the radius, 
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eotan^nt, and cosecant form a right-angled triangle CDL. All these right.Bngled trii 
ere similar to each other. 

1046. The sine, tangent, or secant of an angle is the 
sine, tangent, or secant of the arc by which the angle is 
measured, or of tlie degrees, &c. in the same arc or angle. 

The method of constructing the scales of chords, sines, 
tangents, and secants engraved on mathematical instru- 
ments is shown in the annexed figure. 

1047. A trigonometrical canon (Jig. 396.) is a table 
wherein is given the length of the sine, tangent, and 
secant to every degree and minute of the quadrant, 
compared with the radius, which is expressed by unity 
or 1 with any number of ciphers. The logarithms, more- 
over, of these sines, tangents, and secants, are tabulated, so 
that trigonometrial cdculations are performed by only 9i 
addition and subtraction. Tables of this sort are pub- ”” 
lished separately, and we suppose the reader to be pro- 
vided witli them. 

1048. Problem I. To compute the natural sine and cosine 

of a given arc. 

The seraiperiphery of a circle whose radius is 1 is 
known to be 3 •141592653589793, &c. : we have then the 
following proportion ; — 

As the number of degrees or minutes in the semicircle 
Is to the degrees or minutes in the proposed arc, 

So is 3*14159265, &c. to the length of the said arc. 

Now the length of the arc being denoted by the letter a, and its sine and cosine by « and c, 
these two will be expressed by the two following series, viz. — 

. fl* a? , e * 

— 2-3**’2.3 4.5’”2T3.4.5.G.7 

^ a’ , Q 

■*a— g + 120 ~ 6045'^® 

2+ *13:4-2.34.5:5 + 

- <*2 a® . o 

-1- 2 +24-}23 + &0. 

Example 1. Let it be required to find the sine and cosine of one minute. The number 
of minutes in 180 degrees being 10800, it will be, first, as 10800 : 1 ; :3’14159265, Ac. : 
^XX}290888208665 <=the length of an arc of one minute. Hence, in this case, — 

a » -0002908882 
and Ja3 « -000000000004 

The difference is *0cX)2908882,the sine of one minute. 

Also from 1. 

take ia2-0-0000000423079, &c. 
leaves c*. -9999999577, the cosine of one minute. 

Example 2. For the sine and cosine of 5 degrees : 

Here 180° : 5°:. 3 14 159265, &c. ; -08726646 » a, the length of 5 degrees- 
Hence -08726646 
-Ja3« -0001 1076 
-00000004 

These collected give s a •08715574, the sine of 5 degrees. 

And for the cosine 1 « 1 * 

-00380771 
+ -00000241 

' These collected give c » -99619470, the cosine ofn^ degrees. 

In the same way we find the sines and cosines of other arcs may be computed. The 
greater the arc the slower the series will converge ; so that more terms must be taken to 
make the calculation exact. Having, however, the sine, the cosine may be fiiund from it 

by the property of the right-angled triangle CBF, viz. the cosine VCfi*— BF® 

or Cm ^/l —5^. There are other methods of constructing tables, but we think it unnecessary 
to mention them ; our sole object being here merely to* give a notion of the mode by 
which such tables are formed. 
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1049. Fkob. II. 7b compute the iangente and eeeante. 

Having, by the foregoing problem, found the sines and cosines, the tangents and secants 
^ln^e easily found from the principles of similar triangles. In the arc AB (^g. S 95.), where 
BF is the sine, CF or BK the cosine, AH the tangent, CH the secant, DL the cotangent, 
and CL the cosecant, the radius being CA or CB or CD ; the three similar triangles CFB, 
CAH, CDL, give the following proportions: — 

I. CF : FB::CA : AH. by which we find that the tangent is a fourth proportional 
to the cosine, sine, and radius. 

II. CF : CB : : C A : CH, by which we find that the secant is a third proportional to 
the cosine and radius. 

III. BF : FC : ; CD : DL, by which we find that the cotangent is a fourth proportional 
to the sine, cosine, and radius. 

IV. BF ; BC::CD : CL, by which we find that the cosecant is a third proportional 
to the sine and radius. 

Observation 1 . There are therefore three methods of resolving triangles, or the cases of 
trigonometry; viz. geometrical construction, arithmetical computation, and instrumental 
operation. Tlie method of carrying out the first and the last does not need explanation : 
the method is obvious. The second method, from its superior accuracy in practice, is that 
whereof we propose to treat in this place. 

Observation 2. Every triangle has six parts, viz. three sides and three angles. And in all 
cases of trigonometry, three parts must be given to find the other three. And of the three 
parts so given, one at least must be a side ; because, with the same angles, the sides may be 
greater or less in any proportion. 

Observation 3. All the cases in trigonometry are comprised in three varieties only ; 
viz. 

Ist. When a side and its opposite angle are given. 2d. When two sides and the con- 
tained angle arc given. 3d. When the three sides are given. 

More than these three varieties there cannot possibly be ; and for each of them we shall 
give a separate theorem. 

1050, Theorem I. When a side and ite opposite angle are two of the given parts. 

Then — the sides of the triangle have the same proportion to each other as the sines of 
their opposite angles have. That is, 

As any one side 

Is to the sine of its opposite angle, 

So is any other side 

I'o the sine of its opposite angle. 

For let ABC 397.) be the proposed triangle, having AB the greatest side, and BC 
the least. Take AD as a radius equal to BC, and let 
fall the perpendiculars DE, CF, which will evidently be 
the sines of the angles A and B, to the radius AD or 
BC. Now the triangles A DE, A CF are equiangular ; 
they therefore have their like sides proportional, namely, 

AC : CF;; AD or BC : DE, that is, the sine AC is to 
the sine of its opposite angle B as the side BC is to the 
sine of its opposite angle A. 

Note 1. In practice, when an angle is sought, the proportion is to1be begun with a side 
opposite a given angle ; and to find a side, wc must begin with the angle opposite the 
given side. 

Note 2. By the above rule, an angle, when found, is ambiguous ; that is, it is not certain 
whether it be acute or obtuse, unless it come out a right angle, or its magnitude be such as 
to remove the ambiguity ; inasmuch as the sine answers to two angles, which are supple- 
ments to each other ; and hence the geometrical construction forms two triangles with the 
same parts, as in an example which will follow : and if there be no restriction or limitation 
included in the question, either result may be adopted. The degrees in a tabliMnwer- 
ing to the sine is the acute angle ; but if the angle be obtuse, the degrees muil^Bmb- 
tracted from 1 80 degrees, and the remidnder will be the obtuse angle. When p^n 
angle is obtuse, or is one of 90 degrees, no ambiguity can occur, 
because neither of the other angles can then be obtuse, and the 
geometrical construction will only form one triangle. 

Example 1. In the plane triangle ABC, 

Let AB be 345 feet, 

BC 232 feet, 

^A 37*" 20': 

Required the other parts. 

Firat* to the angles at C and B {Jig. 398.) 




riff. 397. 


Fif.a9t. 
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At the side BCbb 232 - - Log* 2^5488 

To sine opp. Z. A- 37® 20' - - 9*788798 

So side AB ->345 - • 8*537819 

To sine opp. L C«115® 36' or 64° 24' 9*955187 

Add ilA« 37 20 37 20 

The sum «152 56 101 44 

Taken from 180 00 180 00 

Leaves Z. B 27 04 78 16 

It is to be observed here that the second and third logarithms are added (that is, the 
numbers are multiplied), and from the sum the first logaritnm is subtracted (that is, divi* 
sion by the first number), which leaves the remainder 9*955127, which, by the table o£ 
sines, is found to be that of the angle 115° 36', or 64° 24'. 

To find the side AC. 


As sine Z A 

* 37® 

20^ 


- Log. 9*782796 

To opp. side BC 

:* 232 



2-365488 

So sine Z B 

27 

04 


9*658037 


L 

16 


9*990829 

To opp. side A C 

= 174*04 



2*240729 

Or 

374*56 


- 

2-573521 


Example 2. In the plane triangle ABC, 

Let AB « 365 yards, 

Z A = 57® 12' 

^ B = 24 45 

Herein two angles are given, whose sum is 81® 57'. Therefore 180®— 81® 57'* Z. C. 
As sine LC = 98® 3' - - Log. 9*9956993 

Is to A B «= 365 - - 2*5622929 

So sine / B =24® 45' - - 9*6218612 

To side AC *= 154*33 - «2*1884S48 

To find the side BC. 

As sine ZB *=* 24® 45' - - Log. 9*6218612 

Is to AC * 154*.33 . - 2*1884548 

So sin. Z A * 57® 12' - - 9*9245721 


To side BC « 309*86 - - ..2*4911657 

1051. Theorem II. WAen two sides and their contained angle are given. 

The given angle is first to be subtracted from 180° or two right angles, and the remainder 
will be the sum of the other two angles. Divide this remainder by 2, which will give the 
half sum of the said unknown angles ; and using the following ratio, we have — 

As the sum of the two given sides 
Is to their difference, 

So is the tangent of half the sum of their opposite angles 
To the tangent of half the difference of the same angles. 


Now the half sum of any two quantities increased by their half difference gives the 
greater, and diminished by it gives the less. If, therefore, the half diffference of the angles 
above found be added to their half sum, it will give the greater angle, and subtracting it will 
leave the lesser angle. All the angles thus become known, and the unknown side is then 
found by the former theorem. 


For let ABC (y?p. 399.) be the proposed triangle, having the two given sides AC, BC, 
including the given angle C. With the centre C and radius £ 

CA, the less of these two sides, describe a semicircle, meeting 
the other side of BC produced in E, and the unknown side AB \ 
in G. Join AE, CG, and draw DF parallel to AE. Now I \ y/ 
given sides AC, CB, or of EC, CB ; and \\ 

BD is the difference of these given sides. The external angle F 

ACE is equal to the sum of the two internal or given an^pes 
CAB, CBA ; but the angle ADE at the circumference is equal Fig. 309. 

to half the angle ACE at the centre; wherefore the same angle ADE is equal to half 
the sum of the given angles CAB, CBA. Also the external angle AGC of the triangle 
BGC is equal to the sum of the two internal angles GCB, GBC, or the angle GCB is 
e(}ual to the difi^erence of the two angles AGC, GBC; but the angle CAB is equal to 
the sold angle AGC, these being opposite to the equal sides AC, CG ; and the angle DAB 
o circumference b equal to half the angle DCG at the centre. Therefore the angle 
DAB 18 equal to half the difference of the two given angles CAB, CBA, of which it has 
been shown that ADE or CDA is the half sum. 
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Now the angle DAE in a aetnicircle, ij a right angle, or A£ is perpendicular to AD; 
and DF, parallel to A£I, is also perpendicular to AD : therefore AE is the tangent of 
CD A the half sum; and DF, the tangent of DAB, the half difference of the angles to the 
same radius AD, by the definition of a tangent. But the tangents AK, DF being parallel, 
it will be as BE : BD:: AE : DF ; that is, as the sum of the sides is to the difference of 
the sides, so is the tangent of half the sum of the opposite angles to the tangent of half 
their difference. 

It b to be observed, that in the third term of the proportion the cotangent of half the 
given angle may be used instead of the tangent of the half sum of the unknown angles. 

Example. In the plane triangle ABC (Jig. 400.), 

Let AB=S45 ft. 

AC« 174*07 ft. 

I Am, 37° 20'. 

Now, the side AB being 845 From 180° 00^ 

The side AC 174*07 Take Z A 87 20 



Their sum is 519*07 Sum of C and B 142 40 

Their difference 170*98 Half sum of do. 71 20 

As the sum of the sides AB, AC *=51 9*07 - - Log, 2*715226 

To difference of sides AB, AC *=170*93 - - 2*232818 

So tmg. half sum C and B *= 71° 20^ - - 10*471298 

To tang, half diff. Is C and B *» 44 16' - - 9*988890 

These added, give Z C 1 1 5 86' 

And subtracted give Z B » 27 4' 

By the former theorem ; — 

As sine Z C 115° 86', or 64° 24' • - Log. 9*955126 

To its opposite side A B 345 - - 2*537819 

So sine Z A 37° 20' - • - 9*782796 

To its opposite side BC 232 • . 2*365488 

1052. TiiEOKEM III. When the three sides of a triangle are given. 

Let fall a perpendicular from the greatest angle on the opposite side, or base, dividing 
it into two segments, and the whole triangle into two right-angled triangles, the propor- 
tion will be — ^ 

As the base or sum of the segments 
Is to the sum of the other two sides, 

So b the difference of tliose sides 

To the difference of the segments of the base. 


Then take half the difference of these segments, and add it to the half sum, or the half base, 
for the greater segment ; and for the lesser segment subtract it. ^ 

Thus, in each of the two right-angled triangles there will be known two sides and the 
angle opposite to one of them, whence, by the first theorem, the other angles will be found 
For the rectangle under the sum and difference of the two sides is equal to the rectanelo 
under the sum and difference of the two segments. Therefore, forming the sides of these 
rectangles into a proportion, their sums and differences will be found proportional. 


Example. In the plane triangle ABC (Jig. 401.), 

Let AB*»345 ft. 

AC=232 ft. 

BC*= 174*07. 

Juctting full the perpendicular CP, 

Bose AB; AC + BC:;AC-BC: AP-BP; 

That is, 345 ; 406*07;: 57*93 : 68*18- AP-BP 

Its half is 34*09 


c 



vis* sot. 


The half base b 172*50 


The sum of these b 206*59— AP 


And their difference 138*41 — BP 


H.cn, in the triangle APC right-angled at P, 

As the side AC -232 . Log. 2*365488 

To sineopp. ZP - 90° . 10*000000 

So is side AP -206*59 - 2*315109 

Tosineopp. Z ACP - 62° 56' - 9.949621 

Which subtracted from — 90 O 
Leaves ZA «• 27 04 
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Acain, in the triangle BPC, right-angled at P, 


As the Side BC 

= 174*07 

- Log. 2*440724 

To sine opp. z P 

= 90® 00' 

. ]0<X)0000 

So is side BP 

= 138*41 

. 2*141186 

To sine opp. L BCP 

« 52® 40' 

. 9*900412 

Wliich taken from 

90 00 


Leaves the L B 

87 20 


Also the angle A CP 

= 62 56 


Added to the angle BCP 

= 52 40 


Gives the whole angle ACB 

= 115 36 



So that the three angles are as follow, viz. A 27° 4' ; Z B 37° 20^ ; Z C 1 15° 36, 

1053. Theorem IV. {f" the triangle be right-angled^ any unknown part may he fomtd by ike 
fdlowing proportion t — 

As radius 

Is to either leg of the triangle, 

So is tangent of its adjacent angle 
To the other leg ; 

And so is secant of the same angle 
To the hypothenuse. 


For AB being the given leg in the right-angled triangle ABC, from the 
centre A with any assumed radius AD describe an arc D£, and draw 
DF perpendicular to AB, or parallel to BC. Now, from the definitions, 
DF is the tangent and AF the secant of the arc DE, or of the angle A, 
which is measured by that arc to the radius AD. 'Phen, because of the 
parallels BC, DF, we have AD : AB::DF : BC, and :: AF : AC, which 
is the same as the theorem expresses in words. 

Note. Radius is equal to the sine of 90°, or the tangent of 45°, and is 
expressed by 1 in a table of natural sines, or by 10 in logarithmic sines. 

Example 1. In the right-angled triangle ABC, 



Let the leg AB 
LA 


= 162 
s53° 7' 48" 


As radius « tang. 45° - Log. 10*000000 

TolegAB «.I62 - - 2*209515 

So tang. LA =53° 7' 48" - 10*124937 

TolegBC =216 - - 2*334452 

So secant L A =53° 7 ' 48^ - 10.221848 

To hypothenuse AC =270 - - 2*431363 

Note. There is another mode for right-angled triangles, which is as follows: — - 

ABC being such a triangle, make a leg AB radius; or, in other words, from the centra 
A with distance AB describe an arc BF. It is evident that the other 
leg BC will represent the tangent and the hypothenuse AC tlie se- 
cant of the arc BF or of the angle A. 

In like manner, if BC be taken for radius, the other leg AB repre- 
sents the tangent, and the hypothenuse AC the secant of the arc BG 
or angle C. 

If the hypothenuse be made radius, then each leg will represent 
the sine of its opposite angle; namely, the leg AB the sine of the 
arc AE or angle C, and the leg BC the sine of the arc CD or 

angle A. 

Then the general rule for all such cases is, that the sides of the triangle bear to each 
other the same proportion as the parts which they represent. This method is called 
making every side radius. 

1054. If two sides of a right-angled triangle are given to find the third side, that maybe 

found by the property of the squares of the sides (Geom. Prop. 32. ; viz. That the square 
of the hypothenuse or longest side is equal to both the squares of the two other sides 

together). ITius, if the longest side be sought, it is equal to the square root of the sum of 

the squares of the two shorter sides; and to find one of the shorter sides, subtract one 
square from the (Uher, and extract the square root of the remainder. 

1055. The application of the foregoing theorems in the cases of measuring heights and 
distances will be obvious. It is, however, to be observed, that where we have to find the 
length of inaccessible lines, we must employ a line or base which can be measured, and, by 
means of angles, which will be furnbhed by the use of instruments, calculate the lengths of 
the other IIim 



Fig. 403. 
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1056. The conic acctimsy in geometry, are those lines formed by the intersections of a piano 
arith the surface of a cone, and which assume different forms and acquire different properties, 
according to the several directions of such plane in respect of the axis of the cone. Their 
species are five in number. 

1057. Definitions 1. A plane passing through the vertex of a cone meeting the plane 


of the base or of the base produced is 
called the directing plane. The plane 
VRX (Jig, 404.) is the directing plane, 

2. The line in which the directing plane 
meets the plane of the base or the plane 
of the base produced is called the di- 
rectrix, The line RX is the directrix. 

S* I f a cone be cut by a plane parallel to the 
directing plane, the section is called a 
conic aectionf as AMB or AHI (Jig, 
405.) 

4 . If the plane of a conic section be cut by 
another plane at right angles passing 
along the axis of the cone, the common 
section of the two planes is called the 
line of the axis. 



Fl«. 404. Flc. 405. 


5. The point or points in which the line of the axis is cut by the conic surface is or are 


called the vertex or vertices of the conic section. Thus the 
points A and B (Jigs, 404. and 405.) are both vertices, as is the 
point A or vertex (fg. 406.). 

d. If the line of the axis be cut in two points by the conic surface, 
or by the surfaces of the two opposite cones, the portion of 
the line thus intercepted is called the primary axis. The line 
AB (fys, 404. and 405.) and AH (Jig, 406.) is called the 
primary axis. 

7. If a straight line be drawn in a conic section perpendicular to 
the line of the axis so as to meet the curve, such straight line 
is called an ordinatct as PM in the above figures. 

8. The abscissa of an ordinate is that portion of the line of axis 
contained between the vertex and an ordinate to that line of 



Fig. 40S. 


axis. Thus in figs. 404, 405, and 406. the parts A P, BP of the line of axis are 
the abscissas AP BP, 


9. If the primary axis be bisected, the bisecting point is called the centre of the conic 
section. 


10. If the directrix fall without the base of the cone, tlie section made by the cutting 
plane is called an ellipse. Thus, in Jig, 404., the section AMB is an ellipse. It is 
evident that, since the plane of section will cut every straight line drawn from the 
vertex of the cone to any point in the circumference of the base, every straight line 
drawn within the figure will be limited by the conic sur&ce. Hence the axis, the 
ordinates, and abscissas will be terminated by the curve. 

11. If the directrix fall within the base of the cone, the section made by the cutting plane 
is called an hyperbola. Hence it is evident, that since the directing plane passes 
alike through ^th cones, the plane of section will cut each of them, and there- 
fore two sections will be formed. And as every straight line on the surface of the 
cone and on the same side of the directing plane cannot meet the cutting plane, 
neither figure can be enclosed. 

IS* If the directrix touch the curve forming the base of the cone, the section made by 
the cutting plane is a parabola 


or THE ELLIPSIS. 


105B. The primary axis of an ellipsis is called the m^pr axis, as 
AB (Jig, 407.); and a straight line DE drawn through its centre 
perpendicular to it, and terminated at each extremity by the curve, 
IS called the minor axis. 

1059. A straight line VQ drawn through the centre and ter- 
minated at each extremity by the curve is called a diameter. Hence 
rhe two axes are also diameters. 
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1060. The extremities of a diameter which terminate in the curve are called the vertices 
of that diameter. Thus the points V and Q, are the vertices of the diameter VQ^ 

1061. A straight line drawn from any point of a diameter parallel to a tangent at either 
extremity of the diameter to meet the cunes is called an ordinate to the two abscissas* 
I’hus PM, being parallel to^i tangent at V, is an ordinate to the two abscissas VP, PQ. 

1062. If a diameter be drawn through the centre parallel to a tangent at the extremity 
of another diameter, these two diameters are called copjugate diameters. Thus V Q, ahd 
RS are coi^u^ate diameters. 

1 063. A third proportional to any diameter and its conjugate is called the parameter oi 
latus rectum, 

1064. The points in the axis where the ordinate is equal to the semi>parameter are 
called the foci. 

1065. Theorem I. In the ellipsis the squares of the ordinates of an axis are to each other 
IS the rectangles of their abscissas. 

Let AVB {fig. 408.) be a plane passing through the axis of the cone, and AEfi 
another section of the cone perpendicular to the plane of the former ; 

AR the axis of the elliptic section, and PM, HI ordinates perpen- 
dicular to it \ then it will be 

PM« : HI2: : AP x PB ; AH X HB. 

For through the ordinates PM, HI draw the circular sections 
KML, MIN parallel to the base of the cone, having KL, MN for 
their diameters, to which PM, HI are ordinates as well as to the 
axis of the ellipse. Now, in the similar triangles APL, AHN, 

AP : PL::AH : HN, 

And in BPK, BHM, 

BP : PK::BH : HM. 

Taking the rectangles of the corresponding terms, 

APxBP : PLxPK::AHxBH : HNxHM. 

By the property of the circle, 

PL X PK « PM2 and HN x HM « HI«. Therefore, 

AP X BP : PM^:: AH x HB : HH, or 
PM2 : HI2:: AP X BP : AH x HB. 

Coroll. 1. If C be the centre of the figure, AP x PB=sCA2— CP^, and AH x HBn 
CA2~.CH2. 

Therefore PM® : HPrrCAS-CPs : CA^-CH®. For AP=CA~CP, and PB- 
CA+CP: consequently AP x PB — (CA— CP)(CA+ CP)— CA®— CPS; and in the 
same manner it is evident that AH x HB = (CA+ CH)(CA— CH)— CA*— CH®. 

Coroll. 2. If the point P coincide with the middle point C of the semi-major axis, 
PM will become equal to CE, and CP will vanish ; we shall therefore have 

PM2 : HI2::CA2-.CP2 : ca«-CH« 

Now CE* : HI2::CA* ; CAS-CH*, or CA* x HI2»CE8(CA*~CH2). 

1066. Theorem II. In every ellipsis the square of the major axis is to the square of the 
minor axis as the rectangle of the abscissas is to the square of their ordinate. 

Let AB {fig. 409.) be the major axis, DE the minor axis, C the centre, PM and HI 
ordinates to the axis AB ; then will 

CA* : CE2:;APxPB : PM*. 

For since by Theor. I., PM* : HI*: : AP x PB ; AH x HB ; and if 
the point H be in the centre, then AH and HB become each equal 
to CA, and HI becomes equal to CE ; therefore 

PM* : CE2::APx PB: CA*; ^>*-409. 

And, alternately, CA* : CE*: : AP x PB : : PM*. 

CoroU. 1. Hence, if we divide the two first terms of the analogy by AC, it will be 
CA : AP x PB : PM*. But by the definition of parameter, AB : D£::DE : pa- 

rameter, or CA ; CE::2CE r parameter — Therefore is the parameter, which 
let us call P ; then 

AB : P::APxPB : pM». 

Coroir. 2* Hence CA* ; CE* CA»- CP* I PM*. For CA*-CP*-(CA-CP) 
(CA+CP)-(APxPB). 

, Hence, also, AB ; P::CA»-CI"* : PM*. 
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Thkorem III. In every dlipsist the equare of the minor axie is to the square qf the 
major axis as the difference of the squares of half the minor axis and 
the distance of an ordinate from the centre on the minor axis to the 
square of that ordinate. ^ ^ 

Draw MQ (fiy. 410.) parallel to AB, meeting CE in Q; then 
will 

CE2 ; CA2::CE«-CQ2 : QM«; 



For by Cor. 2. Theor. II., CA« : CA«- CP^:: CE® ; PM2 ; 

Therefore, by division, CA* : CP2: : CE2 .* CES- PM®. 

Jlierefore, since CQ«PM and CP^QM; CA« : QMa:;CE2 : CES-CQ®. 

Coroll. I. If a circle be described on each axis as a diameter, one being inscribed within 
the ellipse, and the other circumscribed about it, then an ordinate 
in the circle will be to the corresponding ordinate in the ellipsis 
as the axis belonging to this ordinate is to the axis belonging to 
tlie other ; that is, 

CA : CE::PG : PM, 
and CE : CA : \pg pM ; 
and since C A® : CE® : : A P x PB : PM®, 
and because AP x PB^PG®; CA® : CE®::PG® : PM®, 
or CA : CE;:PG : PM. 



In the same manner it may be shown that CE : CA I : pM, or, alternately, 
CA : CE::pM : pg\ therefore, by equality, PG : PM;:pM ; py, or PG : Cp.'.'CP ‘.pgi 
therefore C^rG is a continued straight line. 

Coroll. 2. Hence, also, as the ellipsis and circle are made up of the same number oi 
corresponding ordinates, which are all in the same proportion as the two axes, it follows 
that the area of the whole circle and of the ellipsis, as also of any like parts of them, are 
in the same ratio, or as the square of the diameter to the rectangle of the two axes ; that is, 
the area of the two circles and of the ellipsis are as the square of each axis and the 
rectangle of the two ; and therefore the ellipsis is a mean proportional between the two 
circles. 

Coroll. 3, Draw MQ parallel to GC, meeting ED in Q; then will QMikCGcbCA ; 
and let R be the point where QM cuts AB; then, because QMGC is a parallelogram, 
QM is equal to CG««CE; and therefore, since QM' is equal to CA, half the major axis 
and RMaCE, half the minor axis QR is the difference of the two semi-axes, and hence 
we have a method of describing the ellipsis. This is the principle of the trammel, so well 
known among workmen. 

If we conceive it to move in the line DE, and the point R in the line AB, while the 
point M is carried from A, towards E, B, D, until it return to A, the point M will in its 
progress describe the curve of an ellipsis. 

1068. Theorem IV. 7'he square of the distance of the foci from the centre of an ellipsis is 
equal to the difference of the square of the semUaxes. 

Let AB (fg. 412.) be the major axis, C the centre, F the focus, and FG the semi-para- 
meter ; then will CE®= CA®~ CF®. For draw CE perpendicular 
to AB, and join FE. By Cor. 2. Th. II., CA® : CE®::CA®— 

CF® : FG®, and the parameter FG is a third proportional to CA, 

CE ; therefore CA® ; CE®;;CE® .* FG®, and as in the two ana- ^ 
logics the first, second, and fourth terms are identical, the third 
terms are equal ; consequently 



CE®=CA2-CF2 
Coroll. 1. Hence CF®* CA®- CE®. 


F1K.4H. 


Coroll. 2. Tlie two semi-axes and the distance of the focus from the centre are the sides 
of a right-angled triangle CFE, and the distance FE from the focus to the extremity of 
the minor axis is equal to CA or CB, or to half the major axis. ^ 

Coroil. 3. The minor axis CE is a mean proportional between the two segments of the 
axis oil each side of the focus. For CE®* CA®— CF®=(CA + CF) x (C A — CF). 

1069. Thforkm V. In an ellipsis^ the sum of the lines drawn from the foci to any point tn 
the curve is equal to the major axis, ^ ^ 

Let tlie points V^ft^jig. 413.) be the two foci, and M a point 
in the curve ; join FM and/M, then will AB=2CA* FM +/M. 

By Cor. 2. Th. 11., CA® : CE®::CA2-CP2 : PM®, 

But by Th. IV., CE2=CA®-CF2; 

Therefore CA® ; CA®— CF2:;CA®— CP® ; PM®; 

And by taking the rectangle of the extremes and means, and dividing the equation hv 
CA®, the result is— o ^ ^ uy 


M 



Flf.413. 
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PM«- C A«- CPa- CF« + 

And because FP«-.(CF-CP)«« CF«-2CF. CP+ CP^ 

And since FM«« PM®+ FP*. 

ITierefore FM*-CA«-2CF.CP + ^5^?-. 

CF CP 

Extnetingtbe root from each number, FM= CA , 

In the same manner it may be shown that FM«r CA+ ; therefore the sum of 

these is FM+/M—2CA. 

CorolL 1. A line drawn from a focus to a point in the curve is called a radius vector, and 
the difference between either radius vector and half the m^jor axis is equal to half the 
difference between the radius vectors. For, since 


CF CP 

“CA— - ; therefore, by transposition, 


CA 

CF.CP 


is a fourth proportional to CA, CF, CP; therefore CA : 


rr-ff 


7 )^ 


CorolL 2. Because 
CF::CP : CA-/M. 

CorolL 3. Hence the difference between the major axis and one of the radius vectors gives 
the other radius vector. For| since FM + M/8a2CA ; 

Therefore FM=2CA-M/. 

Coroll. 4. Hence is derived the common method of describing an ellipsis mechanically, 
by a thread or by points, thus : — Find the foci Ff (Jiff. 414.), and in the axis AB assume 
any point G; then with the radius AG from the point F as a n n h 
centre describe two arcs H, H, one on each side of the axis ; and 
with the same radius from the point f describe two other arcs A, 

A, one on each side of the major axis Again, with the distance 
GB from the point / describe two arcs, one on each side of the axis, 
intersecting the arcs HH in the points HH ; and with the same 
radius from the point f describe two other arcs, one on each side of Fig. 414. 

the axis, intersecting the arcs described at A, A in the point A, A. In this manner we may 
find a.s many points as wo please ; ap4 a sufficient number being found, the curve will be 
formed by tracing it through all the points so determined. 

1070. Theorem VI. The square of half the major axis is to the square of half the minor 
axis as the difference of the squares of the distances of any two ordinates 
from the centre to the difference of the squares of the ordinates them- 
selves. 

Let PM and HI (Jiff. 415.) be ordinates to the major axis AB; 
draw MN parallel to AB, meeting HI in the point N ; then will 
PMnHN, and MNhPH, and the property to be demonstrated is 
thus expressed — 

CA« : CE2::CP«-ch2 : hi«-hN2. 



Or by producing HI to meet the curve in the point K, and making CQb 
perty to be proved will be 

CA2 : CE«::PH x HQ : KN. 
rcA« : CE«::CA2-CP« : PMa, 

LCA* : CE2;:CA2-CH2 : HR 


CP, the pro- 


By Cor. 2, Theor. II, 


Therefore CA®- CH« : CA®- CPa : : HI 2 ; PM8 or HN® > 

But, by division, CA2-CH2 : CP2-.CH2;:HI* : His-HN®. 

Alternately, C A^ - CH« : H I® : : CP®- CH® ; HI® - HN« ; 

And, since we have above, CA®— CH® ; HI®:;CA2 : CE®, 

Therefore, by equality, C A® : CE® : : CP®- CH® : HI®- HN« ; 

But since CP«-CH««(CP-CH)(CP+ CH)-PH x QH, 

And since HI2-HN««(HI-HN)(HI+ HN)-NI x KN, 

Therefore C A® : CE® : : PH x HQ : NI x NK. 


Coroll. 1. Hence half the major axis is to half the minor axis, or the major axis u to ine 
minor axis, as the difference of the squares of any two ordinates from the centre is to the 
rectai^le of the two parts of the double ordinate, which is the greatest made of the sum 
and difference of the two semiordinates. For KN ■■ HK + HN « HI + H N, which is the 
sum of the two ordinates, and NIb HI — HN, which is the difference of the two ordinates. 

Coroll. 2. Hence, because CP®- CH2« (CP- CH)(CP + CH), and since Hl«- HN®- 
(HI-HNXHI+HN), and because CP-CH«PH and Hl-HN«NI; therefore 
CA« : CFi®::(CP+ ch)PH ; (HI + hn)NI. 

X 
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1071* Thko&xm VII. /n Me ellipiis half the major tusU U a mean prt^poriiondl between 
the dieUinee of the centre and an ordinate^ and the dietance between 
the centre and the intersection of a tangent to the of that or* 

dinate. 

To the major axis draw the ordinates PM (^fig, 416.) and HI, 
and the minor axis CK. Draw MN perpendicular to HI. 

Through the two points I,M draw MT^ IT, meeting the mt^or 
axis produced in T; then will CT ; CA'::CA : CP. For, Fig. 4 is. 

ByCor. l.Theor.VL, CE* ; CA3::(IH + HN)IN : (PC+CH)HPj 
By Cor. 2. Th. IL, CE® : CA«::PM« : CA«-CP«; 

Therefore,by equality, PM*: CA«-CP*: :(IH + HN)IN : (PC + CH)HP. 

By simUar triangles, INM, MPT ; IN : NM or PH : : PM : PT or CT-CP. 

Therefore, taking the rectangles of the extremes and means of the two last equations, and 
throwing out the common factors, they will be converted to the equation 

PM(CT-. CP)(CP + CH)= (CA*~ CP*)(IH + HN). 

But when HI and PM coincide, HI and HN will become equal to PM, and CH will 
become equal to CP ; therefore, substituting in the equation 2 CP for CP+ PH, and 2PM 
for IH + HN, and throwing out the common factors and the common terms, we have * 

CT. CP=*CA* 
or CT; CA::CA : CP. ‘ 


Coroll. 1. Since CT is always a third piopoitional to CP and CA, if the points P, A, B 
remain fixed, the point T will be the same; and therefore the tangents which are drawn 
from the point M, which is the intersection of PQ. and the curve, will meet in the point T 
in every ellipsis described on the same axis AB. 

Coroll. 2. When the outer ellipsis AQB, by enlarging, becomes a circle, draw Q,T per- 
pendicular to CQ, and joining TM, then TM will be a tangent to the ellipsis at M. 

Coroll. 3. Hence, if it were required to draw a tangent from a given point T in the pro- 
longation df the major axis to the ellipsis AEB, it will be found thus ; — On AB describe 
the semicircle AQB. Draw a tangent TQ to the circle, and draw the ordinate PQ inter- 
secting the curve AEB of the ellipsis in the point M ; join TM ; then TM is the tangent 
required. This method of drawing a tangent is extremely useful in practice. 

i072. Theorem VIII. Four perpendiculars to the major axis intercepted by it and a tan* 
gent wiU be proportionals when the first and last have one of their 
extremities in the verticesp the second in the point of contact^ and the 
third in the centre. 

Let the four perpendiculars be AD, PM, CE, BF, of which 
AD and BF have their extremities in the vertices A and B, the 
second in the point of contact M, and the third in the centre C ; j 
then will 

AD : PM:;CE : BF. 

For, by Theor. VII., TC : AC:: AC : CP ; «i 7 

By division, TC-AC : CA-.CP::TC : AC or CB; 

That is, TA : AP::TC ; CB. 

By composition, TA : TA + AP: : TC : TC + CB ; 

Therefore T A : TP : : TC : TB. 



But by the similar triangles TAD, TPM, TCE, and TBF, the sides TA, TP, TC, and 
TB arc proportionals to the four perpendiculars AD, PM, CE, and BF ; therefore 

AD:PM::CE: BF. 

Coroll. 1. If AM and CF be joined, the triangles TAM and TCF will be similar. 

For by similar triangles, the sides TD, TM, TE, TF are in the same proportion as the 
•ides TA, TP, TC. TB. 

Therefore TD : TM : : TE : TF; 

Alternately, TD : rE::TM : TF; but TAD is iimilai to TCE; 

Hence TD : TE::TA ; TC; 

Therefore, by equality, TA : TM::TC : TF, 

Coroll. 2. The triangles APM and CBF are similar ; 

For TA : TP::TC : TB. 

By division, TP : TP- TA : ; TB : TB- TC ; 

ITiat is, TP : AP::TB : CB. 

Alternately. TP : TB : ; AP : CB ; but TPM b similar to TBF ; 

Consequently, TP : TB : : PM ; BF : 

Therefore, by equality, AP : PM;:CB : BF, 

Cl roll 3. If AF be drawn cutting PM in I, then will PI be equal to the half of PM ' 
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For, Hooe AP : PM : : €B : BF, and« by the similar trUu)||^es API, ABF, 

AP: PI::AB: BF| 

Therefore PM : PI : : CB : AB. 

But CB is the half of AB ; therefore, also, PI Is the half of PM. 

] 07S. THBoasM IX. If two Umm be drawn from the foot of ati illipae to any point in the 
curve, three two linee will make equal angles with a tangent passing through that point 

Let TM ifg* 418.^ be a tangent toui:hing the eurve 
at the point M, and let F,/ be the two foci; join 
FM, /M, then will the angle FMT be equal to the 
angle /M li. For draw the ordinate PM, and draw 
/B parallel to FM, then will the triangles TFM and 
T/R be similar ; and by Corj|pieor. VII., 

CA * CP**CT ■ C A • 

By Cot, 2. Theor. V., CA : CP:: CF : CaI FM ; 

Therefore, by eqttiility, CT : CF::CA : CA— FM. 

By division and composition, CT — CF : CT+ CF::FM : 2CA — FM ; 

That is, TF : T/: : FM : /M. 

By the similar triangles TFM, T/R; TF : T/::FM :/Il. 

It therefore appears that /M is equal to /R, therefore the angle /MR is equal to the 
angle /RM ; but because FM and /R are paiillel lines, the angle FMT is equal to the 
angle/RM ; therefore the angle FMT is equal to the angle /MR. 

Coroll. 1. Hence a line drawn perpendicular to a tangent through the point of contact 
will bisect the angle FM/, or the opposite angle DMG. For let MN be perpendicular 
to the tangent TR. Then, because the angle NMT and NMR are right angles, they are 
equal to one another ; and since the angles FMT and /MR are also equal to one another, 
the remaining angles NMF and NM/ are equal to one another. Again, because the oppo- 
site angles FMN and IMG are eqqljl to one another, and the opposite angle /MN and 
IMD are equal to one another ; therefore the straight line MI, which is the line MN pro- 
duced, will also bisect the angle DMG. 

Coroll. 2. The tangent will bisect the angle formed by one of the radius vectors, and the 
prolongation of the other. For prolong FM to G. Then, Iwtcause the angles RMN and 
RMI are right angles, they are equal to one another; and because the angles NM/ and 
IMD are equal to one another, the remaining angles RM/ are equal to one 

another. 

Scholium, Hence we have an easy method of drawing a to any given point M in 

the curve, or of drawing a perpendicular through a given pouNph the curve, which is the 
usual mode of drawing the joints for masonic arches. Ihus, in order to draw the line IM 
perpendicular to the curve : produce FM to G, and/M to D, and draw MI bisecting the 
angle DMG ; then IM will be perpendicular to the tangent TR, and consequently to the 
curve. 

As in optics the angle of incidence is always found equal to the angle of reflection, it 
appears that the foundation of that law follows from this theorem ; for rays of light issuing 
from one focus, and meeting the curve in any point, will be reflected into lines drawn from 
these points to the other focus : thus the ray /M is reflected intoMF: and this is the 
reason why the points F/ are called foci, or burning points. In like manner, a sound in 
one focus is reflected in the other focus. 

1074. Theorem X. Every parallelogram which has its sides parallel to two conjugate 
diameters and circumscribes an ellipsis is equal to the rectangle of the two axes. 

Let CM and Cl (/g. 419.) be two semi conjugate diame- 
ters. Complete the parallelogram Cl DM. Produce CA 
and MD to meet in T, and let AT meet DI in t Draw 
IH and PM ordinates to the axis, and draw half the minor 
axis CE. Produce DM to K, and draw CK perpendicular 
to DK I then will the parallelogram Cl DM he equal to the 
rectangle, whose sides are CA and CE ; or four times the 
rectangle CIDM will be equal to the rectangle made of the two axes AB and G£» 

* Bv Cor Theor VII / * CT::CP : CA, 

y • \ct : CA::CA : CH; 

/ Therefore C#:CT::CP: "" 

By the similar triangles Ctl, TCM, Ct I 
By equality, therefore. Cl ; 

By the similar triangles CIH, TMP, Cl ; 

Therefore, by equality, CH : 

Consequently CP > 



Flf. 419. 


But by Theor. VII., 
Thendbre, since CT« 


CH. 
CT::CI : TM; 
TM::CP : CH. 
TM::CH : PT; 
PT::CP : CR 
!PT-CH«. 


CP + PT, 


CPx CT-CA«S 
CF«+CP.PT-CAS 


X 2 
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CP.PT-.CA«~CP«} 

CH««CA«-CP8, 

CP4«.CA«~CH« 

C A« X CE«(CA2- CHt> 

CAaxHI«-CE«xCP«; 

CA : CP::CE ; 



Fig. 4 20. 


Fig. 421. 


And, by timnspoidtion. 

Hence, by equality, 

Or, by transposition, 

But by Cor. 2. Tbeor. I., 

And substituting CP^ for its equal 
CA«~ CH«, we have 

Therefore C A : CP : : CE : HI. 

But again, by Theor. VII., CA : CP::CT : CA; 

By equality, therefore, CE : HI::CT .* CA. 

But by the similar triangles HIC, KCT, HI : Cl : : CK : CT ; 

Therefore CE : CI::CK ; CA: 

Consequently , CE x CA«w‘CI x CK. 

ITie ellipsis is of so frequent occurrence in architectural works, that an acquaintance with 
all the properties of the curve, and the modes of describing it, is of great importance to the 
architect Excepting the circle, which may be called an ellipsis in which the two foci 
coincide, it is the most generally employed curve in architecture. 

1075. Problem I. To describe an ellipsis^ 

Let two pins at E and F 420.) be fixed in a plane within a string whose ends are 
made fast at C. If the point C be drawn 
equally tight while it is moved forward 
in the plane till it returns to the place 
from which it commenced, it will describe 
an ellipsis. 

1076. pROB. IL The two diameters 
AB and ED of an ellipse being given in 
position and magnitude^ to describe the curve 
through points. 

Let the two diameters cut each other at 
C {fg. 421.). Draw AF and BG parallel to ED. Divide AC and AF each into the 
same number of equal parts, and draw lines, as in the figure, through the points of division; 
viz. those from the line AF to the point D, and the lines through AC to the point £; 
then through the points of intersection of the corresponding lines draw the curve AD, and 
in the same manner find the curve BD; then ADB will be the semi- ellipsis. 

It is evident that the SKi||^method also extends to a circle by making CD equal to CA; 
{Jig. 422.) ; and it appearlHHl|the two lines forming any 
point of the curve to be ^dl make a right angle 

with each other. For thSe lines terminate at the ex- 
tremities of the diameter ED, and the point of concourse 
being in the curve, the angle made by them must be a 
right angle ; that is, the angle £AD, or EAD, or EtD. or 
EAD, is a right angle: and from this property we have 
the following method of drawing the segment of a circle 
through points found in the curve. 

Thus, let AB be the chord, and CD be the versed sine of an arc of a circle, to describe tht 
arc. Through D draw HI (Jig. 423.) parallel to AB; join AD and DB ; draw AH per- 
pendicular to AD, and BI perpendicular to BD; divide 

AC and HD each into the same number of equal parts, h 'F 3 d o i 

and join the corresponding points ; divide AF into the 
same number of equal parts, and through the points of di- 
vision draw lines to D, and through the corresponding 
points where these lines meet the former draw a curve 
AD. In the same manner the other half BD may be drawn. 

1077. Prcb. III. d diameter KH of an ellipsis ieirig given^ and an ordinate DL, to 
find the limits of the other conjugate diameter. 

Bisect KH in I (Jig, 424.), through I draw EA parallel to DL, and draw DC and KB 
perpendicular to EA; from the point L with the distance K describe 
an arc cutting EA at F ; join LF, and produce LF to C; make IE 
and I A each equal to LC; then trill £A be a diameter conjugate 
to KH. 

1078. Pkob. IV. A diameter KH and an ordinate DL of an 
ellipsis being given^ to describe the curve. (Jig* 424 .) 

Find the limits £ and A of the other conjugate diameter by the 
pieoeding construction. Produce KB to g, and make Kg equal to 
I A or IE, und through the centre I of the curve and the point g, draw the straight line 
MN. Then, suppose the straight line KBg jto be an inflexible rod, having the point B 
marked upon it. Move the rod round, so that the point g on the rod may be in the line 
II N, while the point B Is in the line EA ; then, at any instant of the motion, the place 
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of the p jint K on the plane whereon the figure Is to be drawn may be marked ; the points 
thus found will be in the curve. Instead of a rod. a slip of paper may be used» and in some 
cases a rod with adjustible points to slide in a cross groove, and a'sUding head for a pencil 
is convenient ; and such an instrument is called a trammel. 

When the diameters KH and EA 425.) are at right angles to each other, the 
straight line Kq coincides with the diameter KH, and consequently 
the line MN, on which the pointy of the inflexible line Kq moves^ 
will also fall upon the diameter KH. Therefore in this case no- 
thing more is required to find the limits of the other diameter, 
than to take the half diameters IK, KH of the given diameters, 
and from the extremity L with that distance describe an arc 
cutting the unlimited diameter in the point F; then drawing 
LF, and producing it to 9 , and making IE and I A each equal to qL, EA will be the 
otlier diameter ; and since the two diameters are at right angles to each other, they are 
the two axes given in position and magnitude, and thus the curve may be described as 
before. 

A method of describing the curve from any two conjugate diameters is occasionally of 
considerable use, and particularly so in perspective. For, in every representation of a 
circle in perspective, a diameter and a double ordinate may be determined by making one 
of the diameters of the original circle perpendicular to the plane of the picture and the 
other parallel to it ; and then the representation of the diameter of the original circle, 
which is perpendicular to the intersecting line, will be a diameter of the ellipsis, which is 
the representation of that circle ; and the representation of the diameter of the circle 
which is parallel to the intersecting line will become a double ordinate to the diameter of 
the ellipsis which is the perspective representation of the circle. 

1079 . PaoB. V. Through two given points A and B to describe an ellipsis^ the centre C 
being given in position and the greater axis being given in magnitude only. 

About the centre C {jig, 426.) with a radius equal to half the 
greater axis describe a circle HEDG ; join AC and BC ; draw 
AD perpendicular to AC, and BE perpendicular to BC, 
cutting the circumference in the points D and E ; draw also 
BF parallel to AC, and find BF, which is a fourth propor- 
tional to AD, AC, and BE ; through the point F and the centre 
C draw FG to cut the circle in H and G, and GH is the major 
axis of the ellipsis. By drawing an ordinate Bg, the curve may 
be described by the preceding problem, having the axis GH and 
the ordinate B 9 . 

1080. Prob. VI. Through a given point in the major ans of a given ellipsis to describe 
another similar ellipsis which shall have the same centre and its major axis on the same straight 
line as that of the given ellipsis. 

Let ACBD {Jig, 427.) be the given ellipsis, having AB for its major axis and CD tor 
its minor axis, which are both given in position and magnitude. 

It is required to draw a similar ellipsis through the point G in the 
m^or axis AG. Draw BK perpendicular and CK parallel to 
AB, and Join KE. Again, draw GL perpendicular to AB cut- 
ting EK at L, and draw LH parallel to AB cutting CD in H. 

On the axis CD make El equal to EH, and on the axis AB 
make EF equal to EG. Then, having the major axis AB, and 
the minor axis FG, the ellipsis FIGH may be described, and when drawn, it will ba 
similar to the given ellipsis ADBC, 

1081. PuoB. VII. Through any given point jt>, within the curve of a given ellipsis to 
describe another ellipsis which shall be similar and concentric to the given one. 

Let C {Jig. 428.) be its centre. Draw the straight line CpP, cutting the curve of the 
given ellipsis in P. In such curve take any other number of 
points Q, R, S, &c., and join QC, liC, SC, &c. ; join PQ and 
draw pq parallel thereto cutting qC &tq: join PR and draw pr 
parallel to PR, cutting RC at r; join PS and draw ps parallel to 
' PS cutting SC in s. The whole being completed, and the curve 
p, Sf tt u drawn through the points p, 9 , ^ &c., the figure will 

be similar and concentric to the given ellipse P, S, T, U ; or when 
the points at the extremities for one half of the curve have been 
drawn, the other half may be found by producing the diameter to the opposite «de, and 
making the part produced equal to the other part. 

1082. pHOJuVlII. About a given rectangle A3CD to describe an ellipsis which shall 
have its major and minor axes respectively par^lel to the sides oj' the rectangle and its es st ire in 
the points oj intersection of the two diagonals. 

Bisect the sides AD and AB {Jig, 429,) of the rectangle respectively at L and O 
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Irbrough L 4r*iP GH parallel to AB cutting the oppofite aide BC of the reetingla In Mi 
kiui through the point O dra«i^ KI parallel to AD or BC cutting * 

the opposite side DC in N, In NK or NK produced, make NQ 
equal to NC, and join CQ; draw QR parallel to GH cutting CB ^ 

, or CB produced in R; make EH and EG each equal to QC, as 5 fry^ 

also El and El4 each equal to PC ; then will GH be the miyor axis K 

and KI the minor axis of the ellipsis required. iP**"**^^ 

The demonstration of this method, in which the line QK has Fig. 41{J>. 

nothing to do with the construction, is as follows : 

By the similar triangles CPM and CQR, we have CP : CM ::CQ .* CK. 

But because MP is equal to MCmEN, and since CR is equal to RQ = EM, 

And, by construction, since PC is equal to El or EK, and QC is equal to EG or EH, 
El ; EN:;EH : EM, or, alternately, El : EH:;EN : EM. 

But £N is equal to MC, and £M equal to NC ; 

Whence El : EH::MC : CN. 

But since the wholes are as the halves, we shall have KT .* GH .* .* BC .* CD. 

This problem is useful in its application to architecture about domes and pendentives, as 
well as in the construction of spheroidal ceilings and other details. 


or THE HVPEIIBOLA. 

108.S. The direction of a plane cutting a cone, which produces the form called the hyper* 
bola, has been already described ; its most useful properties will form the subject of the 
following theorems, which we sliall preface with a few definitions ; — 

1. The primary axis of an hyperbola is called the transverse axis. 

2. A straight line drawn through the centre of an hyperbola and terminated at each 

extremity by the opposite curves is called a diameter. 

3. The extremities of a diameter terminated by the two opposite curves arc called the 

vertices of that diameter. 

4. A straight line drawn from any point of a diameter to meet the curve parallel to a 

tangent at the extremity of that diameter is called an ordinate to the two abscissas. 

A straight line which is bisected at right angles by the transverse axis in its centre, 

and which is a fourth proportional to the mean of the two abscissas, their ordinate, 

and the transverse axis, is called the conjugate axis. 

6. A straight line which is a third proportional to the transverse and conjugate axis is 

called the latus rectum or parameter. y' 

7. Tlie two points in the transverse axis cut by ordinates which are \ / 

eqiial to the semi- parameter are called the/oci. \ 

1084, Iheoiiem I hyperbola the squares of the ordinates of the \ /j 

transverse axis are to each other us the rectangles of their abscissas. \/ 

Let QVN C/fi^.430.) be a section of the cone passing along the 'A / 

axis VD, the line of section of the directing plane, H B the line of axis / \ 

ut the cutting plane, the directing and cutting plane being perpendi- / Na 

cular to the plane QVN. Let the cone be cut by two planes perpeiw \ v / / /j\ j 
dicular to the axis passing through the two points P, H, meeting the V^^ZTrj^ 
plane of section in the lines PM, HI, which are ordinates to the circles /'X T^/ X 

and to the figure of the section, of the same time. ^ N 

By the similar triangles APL and AHN, AP : PL:: All .* HN; — A— 

And by the similar triangles BPK and BHQ, BP ; PK::BH : HQ. fih. 43 o. 
Therefore, taking the rectangles of the corresponding terms, AP x BP • PL x PK * * AH x 

BH:HNxHQ. ‘ . 

But in the circle, PL x PK *= PMs, and HN x HQ« HI« ; \ ” 7^ 

'Pherefore AP x BP : PM'i;: AH x BH : HIS \ P-V™ 

Or. alternately, PM2 : H : : AP : PB ; AH : BH. V -/ 

1085. Theokem II, In the hyperbola^ as the square of the transverse 
axis is to the square of the conjugate axis, so is the rectangle of the abscissas 
to tlie square of their ordinate. 

Ixjt AB (j?p. 431.) be the transverse axis, GE the ooiyugate axis, ^ 

C being the centre of tbo opposite curves ; also 'let HI and PM be or- " 

dbiates as before ; then will 

AB*: GEs::PAxPB: pm«. 

Or CA«: CE*::PAxPB : PM*. 

By Theor. I.. PA x PB : HAxHB::PM*: HI*; / \ 

Alternately, PA x PB : PM*::HA x HB:;HR / \ 

But HAx HB : HI«::AB* ; GE*; ^ \ 

Thfrefbre AB* : GEa:;PA x PB : PM*. ^ 
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CcirolL H«nce AB* : GE*::CP*-CA* : PM* (Jlg.iS9,), For let th# euttiiig pirn 
of the opposite hyperbola intersect two circles parallel to the base io 
HI and PM, and let the cone be cut by another plane parallel to the 
base, passing through the centre C of the transverse axis, and let ms 
be the diameter of the circle made by such plane. ^ 

Then A Cm, APK are similar, and AC : Cm:: AP : PK. 

And as BCn, BPL are similar, BC : Cn ::BP ; FLi 

Tlierefore, taking the rectangles of the corresponding terms, 

BCx AC: CnxCm::BPx AP: PLxPK. 


But BC-AC; CmxCn^a^; andPLxPK = 
Therefore AC« : C#®::APx BP : PM®. 


PM«, 
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Ihough Ct is not in the same plane, it is what is usually called the 
scini-conjugate axis, and it agrees with what has been demonstrated 
ill the first part of this proposition. 

1086. Theorem III. In the hyperbola, the square of the temu 
etmjugate axis is to the square of the semi-transverse axis as the sum 
of the squares of the semi-conjugate axis and of t?te ordinate parallel to it is to the square of tht 
abscissas. 

Let AB (^fg. 433.) be the transverse axis, GE the conjugate, C the cen- 
tre of the figure, and PM an ordinate, then will 


GE® : AB®::CE«+PM« : CP®. 

For, by Theor. IL, CE® : CA2::PM® : CP®-CA®, 

And, by composition, CE® : CA®::CE®+PM® : CP®. 

This demonstration may be also applied to what are called conjugate 
hyperbolas. 

1087. Theorem IV. In the hyperbola, the square of the distance of the 
focus from the centre is equal to the sum of the squares of the semi-axes. 

Let AB {fig, 434.) be the transverse axis, CE the semi-conjugate. In 
A B, produced within the curve each way, let F be one focus ; and f the 
other, and let FG be the semi-parameter then CF®bCA®+ CE®. 


For, by Theor. I., CA« : CE®::FA x FB : FG«; 

But, by property of parameter, C A® : CE®::CE® : FG*. 
Therefore CE®» AF x FB®* CF— CA ; 

And, by transposition, CF®«» CA®+ CE®. 


Fiff. 433. 
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Coroll. 1. The two semi-axes, and the distance of the focus from the centre, are the sides 
of a right-angled triangle CEA, of which the distance AE 
is the distance of the focus from the centre. 

CorolL 2. The corrugate axis CE is a mean proportional 
between FA and FB, or between /B and /A, for CE*— 

CF®-CA-(CF+ CA) X (CF-CA)=BFx AF. 

1088. Theorem V. The difference of the radius vectors 
is equal to the transverse axis, (fig, 435.) 

That is, /M-FM« AB-2CA-2CB. 

For C A® : CE® : ; CP®- C A® ; PM® ; 

And CE*«CF«-CA«. 

Therefore CA® : CF®-CA®:: CP«-CA® : PM®. 

And by taking the rectangle of the extremes and means, and 
dividing by CA®, 

CF2- CP*+ CA«; 

But FP*-(CP-CF)«-CP*-2CPxCF+CF*, 

And FM*»PM»+FP«. 

Tlierefore FM«-2^^2?-2CP x CF+ CA*. 

Now each side of this equation is a complete square. 

CFxCP 

Therefore, extracting the root of each number, FM — — CA. 

In the same manner we find . /M-%*^+CA; 

And, subtracting the upper equation firom the lower,/M— FM— 2CA. 

Coroll. 1. Hence is derived the common method of describing the hyperbolic curve 
mechaniMlly. *llius : — In the transverse axis AB produced (fig, 435.), take the foci F,f, 
and any poiol I in the straight line AB sb produced. Tberi, with the radii Al, Bl, and tito 
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oentre F, f, describe eres intersecting each other ; call the points of intersection'E, then E will 
be a point in the curve ; with the same distances another point on the 
other side of the axis may be found. In like manner, by taking any \ 
other points 1, we may find two more points, one on each side the 
axis, and thus continue till a sufficient number of points be found to 
describe the curve by hand. By the same process, we may also de- 
scribe the opposite hyperbolas. 



Coroll. 2. Because is a fourth proportional to CA, CF CP, 

CA: CF::CP: ca + fm. 

lOBSh Thboekm \ 1. A$ the equate of the eemutraneveree axit is to 
the equate of the seniUconjugate<, so is the diffetence of the equates of any 
two abscissas to the diffetence of the equates of iheit ordinates. 


By Theor. II., 
Therefore, by 

Ano,^ division, 

AltefafeHy, 

But ^ 

Therefore 


CA« : CEa::CP2-CA2 : PM2 (/i^.436.), 
CA2 ; CE2::CH2-.CA2 : hr 
CH2-CA2 : cr«-CA2::Hi2 : pm® or 
HN2; 

CH2-CA2 : CH2-Mi«:Hl2 : IIIS-HN®; 
CH2~CA2 : HI2::CH‘-- CP^ : hh-hn^. 
CH2-CA2 : H12::CA2 : CEa 
CA2 : CE2::CH2-CP2: hh-HN^. 


q E 
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CoroU. 1. If I H be produced to K, and CQ, be made equal to CP, then will CH® — 
CP2«(CH+CP)(Cn-CP) = (CP+CH)PII ; and HI2-HN2«(HI + HN)(HI - 
+ HN)NI. Therefore the analogy resulting becomes 

CA®: CE2::(CP+CH)PH : (HI + HN)NI. 

So that the fMare of the transverse axis is to the square of the conjugate, or the square of 
the semi-tratHitrse is to the square of the semi-conjugate, as the rectangle of the sum and 
difference of the two ordinates from the centre is to the rectangle of the sum and diflPer- 
ence of these ordinates. 

1090 . Theorem VII. If a tangent and an ordinate he drawn from any point in an hyper^ 
bala to meet the transverse axis^ the semi-transverse axis will be a mean 
proportional between the distances of the two intersections from the 
oentre. 

For 437.) CE2 : CA2::(IH + IIN)IN::(PC+ CH)HP, 

And by ^fheor. I., CE® : CA®::PM® : CT^-CA®; 

By equality, PM® : CP® - CA® :: (IH4- HN) IN : (PC + 

CH)HP; 

And by similar triangles INM, MPT, IN : NM or PH : : PM : PT 
or CP-CT. 


M/' 
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Hiereforo, taking the rectangles of the extremes and means of the two 
last equations, and neglecting the common factors, it will be PM(CP 
-CT)(CP+ CH)«(CP®-CA®)(IH+ HN); but when IH and PM 
coincide, IH and HN each become equal to PM, and CH equal to 
CP; therefore in the equation substitute 2CPfor CP+ CH, and 2PM 
for IH + HN, and neglecting the common factors and common terms, 
the result is CT.CP«CA®, or CT : CA ::CA : CP. 

Coroll. Since CT is always a third proportional to CP, CA ; suppose 
the points P and A to remain constant, the point T will also remain 
all tlie tangents will meet in the point T which are drawn from the ex- 
tremity of the ordinate M of every hyperbola described on the same 
axis AB. 

1091. Theorem VIII. Four perpendiculars to the transverse axis m- 
tercepted by it and a tangent^ will be proportionals when the first and last 
have one of their extremities in each vertex^ the second in the point of con^ 
tact, and the third in the centre. 

Let the four perpendiculars he AD, PM, CE, BF {Jig. 438.), 
whereof AD and BF have their extremities in the vertices A and B, 
and the second in the point of contact M of the tangent and the curve, 
and the third in the centre C. 

Then will AD : PM::CE : BF. 

For, by Theor. VH.. CT I CA::CA : CP, 

And, by divbion, CA— CT : CP— CA::CT : CA or CB; 

mtis, AT : AP::CT : CB; 

By composition, AT : AT+ AP::CT : CT+ CB. 

Therefore AT : TP : ; CT : BT. 
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But by the similar triangles TAD, TPM, TCE, and TBF, the sides AT, PI’, CT, 
and BT are proportional to the four perpendiculars AD, PM, CE, BF. 

Therefore AD : PM : : CE : BF. 



1092. Theorem IX. The two radius vectors meeting the curve in the same poiat will 

equal angles with a tangent passing through that point, {Fig, 439.) ^ 

For, by Theor. VII., C A : CP : : CT : C A ; 

By Cor. 2. Theor. V., CA : CP::CF : CA+ FM; 

By equality, CT : CF : : C A : C A ^ FM ; 

By division and composition, CF— CT : CF + CT : : FM : 2CA 

-hFM; 

That is, FT :/T::FM :/R; 

And by the similar triangles TFM, T/R, FT :/T::FM :/R. 

Therefore/R is equal to /M ; consequently the angle /RM is equal 
to the angle /M R : and because /R is parallel to /M, the angle 
FMT is equal to the angle /RM ; therefore the angle FMT is 
equal to the angle /RM. 

1093. Problem I. To describe an hyperbola by means of the end 
of a ruler moveable on a pin F ( fg 440. ) fixed in a plane^ with one 
end of a string fixed to a point E in the same plane^ and the other ex- 
tremity of the stnng fastened to the other end C of the rulers the point 
C of the ruler being moved towards G in that plane. 

While the ruler is moving, a point D being made to slide 
along the edge of the ruler, kept close to the string so as to keep each of the parts C D, 
D E of the string stretched, the point D will describe 
the curve an hyperbola. 

If tbif‘«nd of the ruler at F (/y. 441.) be made 
moveablk about the point £, and the string be fixed 
in F and to the end C of the ruler, as before, another 
curve may be described in the same manner, which is 
called the opposite hyperbola : the points E and F, 
about which tlie ruler is made to revolve, are the foci. 

There are many occasions in which the use of this 
conic section occurs in architectural details. For 
instance, the profiles of many of the Grecian mould* 
ings are hyperbolic ; and in conical roofs the forms 
are by intersections such that the student should be 
well acquainted with the methods of describing it. 

1094. Phob. II. Given the diameter AB, the ah- 
sciasa BC, and the double ordinate D£ in position and 
magnitude f to describe the hyperbola, {Fig. 442.) 

Through B draw FG parallel to DE, and draw DF and EG parallel to AB. 

Divide DF and DC each into the same number of equal parts, 
and from the points of division in B F draw lines to B, also from 
the points of division in DC draw straight lines to A; then 
through the points of intersection found by the lines drawn 
through the corresponding points draw the curve DB. In like 
manner the curve EB may he drawn so that DBE will form 
the curve on each side of the diameter AB. If the point A he 
considered as the vertex, the opposite hyperbola HAI may be 
described in the same manner, and thus the two curves formed by 
cutting the opposite cones by the same plane will be found. By 
the theorists, the hyperbola has been considered a proper figure 
of equilibrium for an arch whose office is to support a load which 
is greatest at the middle of the arch, and diminishes towards the 
abutments. This, however, is matter of consideration for another part of this work. 
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OF THE PARABOLA. 

1095. Defikitions.— ~ 1 . The parameter of the axis of a parabola is a third proportional 
to the abscissa and its ordinate. 

2. llie focus is that point in the axis where the ordinate is equal to the Bemi-^rameter. 

3. The diameter is a line within the curve terminated thereby, and is paraliel to the 

axis. 

4. An ordinate to any diameter is a line contained by the curve and that diameter paral- 

lel to a tangent at the extremity of the diameter. 
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1006. TuEORBii I. In th€ paraMut the abseieeae are proporttonal to the eqvaree of their 
ordinatee. 

Let QVN (Jig. 443.) be a section of the cone passing along the axis, and let the direc- 
trix RX pass through the point Q perpendicular to QN, and let the 
parabolic section be ADI meeting the base QIND of the cone in 
the line DI, and the diameter QN in the point H \ also let KML be 
a m»ction uf the cone parallel to the base QIN intersecting the plane 
VQN ia the line KL, and the section ADI in PM. Let P be the 
point of concourse of the three planes QVN, KML, AHI, and 
let H be the point of concourse of the three planes QVN, KML, 

AHI; then, because the planes VRX and ADI are parallel, and 
the plane VQN is perpendicular to the plane VRX, the plane ADI 
is also perpendicular to the plane VQN. Again, because the plane 
QIN is perpendicular to the plane QVN, and the plane KML is 
parallel to the plane QIN, the plane KML is perpendicular to the 
plane QVN; therefore the common sections PM and HI are per- 
pendicular to the plane VQN ; and because the plane KML is pa- 
rallel to the plane QIN; and these two planes are intersected by 
the plane QVN, their common sections KL and QN are parallel. Also, since PM and HI 
are each perpendicular to the plane QVN, and since KL is the common section of the 
planes QVN, KML» and QN in the common section of the planes QVN, QIN ; therefore 
PM and HI are p^^endicular respectively to KL and QN. 

Consequently AP ! AH::PM2 : HI®. 

For, by the similar triangles A PL, AHN, AP : AH:: PL : HN, 

Or AP : AII::KPx PL : KPx HN. 

But, by the circle KML, KP x PLs=PM®, 

And, by the circle QIN, QH x HN = HR ButQH-KP, 

Therefore KPxHN^IIR 

Therefore, by substitution. AP ; AH:: PM® : HI®. 

CoroU. By the definition of the parameter, which we shall call P, 

AP : PM:; PM : P=^’, 



And P X AP = 
Therefore P : 


For since by Cor. Theor. I, 


'■{: 


H 
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= PM2, or Px AH = HI® 

PM::PM : ap, or p : hi::HI : AH. 

1097. Theorfm II. As the parameter of the axis is to the sum of any two ordinatest eo is 
the difference of these ordinates to the difference of their cJ)8cissas. 

That is, P : III+PM::HI-PM: AH-AP. ^ 

^ “XP, 

Multiplyir.g the first of these equations by AP and the second by AH, 

, rPxAP=PM®. 

they become |p^AH = nR 

Subtract the corresponding numbers of the first equation, and P ( AH — AP) = HI®— PM®. 
But the difference of two squares is equal to a rectangle under the sum and difference of 
their sides. 

And HI®~PM® = (HI+PM) (HI-PM). 

Therefore P(AH-AP) - (HI + PM) (HI-PM> 

Consequently P : HI + PM : ; HI - PM : AH - AP ; 

Or, by drawing KM parallel to AH, we have GKss PM+ HI, and KI»HI— PM; and 
since PH«AH-AP; P:GK::KI:PH, or KM. 

Coroll. Hence, because P x KM=* GK x KI ; 

And since HI®8=:PxAH; 

Therefore, by multiplication, KM xHI®«!GKxKIx AH, or 
AH : KM::HD : GKx KI. 

So that any diameter MK is as the rectangle of the segments GK, 

KI of the double ordinate GI. From this a simple method has been 
seed of finding points in the curve, so as to descrite it. 

109S. Thxokem III. 2'he distance between the vertex of the curve and 
the focue it equal to one fourth of the parameter. 

Let LO (fig. 445.) be a double ordinate passing through the focus, then LG is the 
peraxnetar. For by the definition of parameter AF : FG : ; FG : PnSFG 
Therefore SAF«*FGn^LG; 

Consequently AF i-^LG. 
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1099. Thxorbm IV. 77t« radius asetor is tqual to the sum of the distasten Utwssu tkafiem 

mnd the vef^tex^and between the ordinate and the vertex, 446.) 

That Is, ’ FM-AP+AF. 

For FP«AP-AF; 

Therefore 1^P«« APJ-^AP x AF-f- AF^. 

But, by Cor. Theor. 11., PM2«: P x AP«*4AF x AP. 

Therefore, by addition, FP-J + PM<« AP^ + 2 AF x AP 

+ AF2. 

But by the right-angled tringles, F P^ + PM2 « FM2 ; 

And therefore F M® *=APs + 2AFx AP + AF^, 

Hence, extracting the roots, FM *= AP -f AF=2AF + FP ; 

Or by making AG«AF, FM=aGP. 

Coroll, 1. If through the point G (Jig, 447.) the line GQ, be drawn perpendicular to 
the axis, it is called the directrix of tlie parabola. 

By the property shown in this theorem, it appears that if any line Q,M be drawn parallel 
to the axis, and if FM be joined, the straight line FM is equal to Q,M ; for QM is equal 
to GP. 

Coroll, 2. Hence, also, the curve Is easily described by points. Take A G equal to A F 
{Jig. 447.), and draw a number of lines M, M perpendicular to the axis AP ; then with tht 
distances G P, G P, &c. as radii, and from F 
as a centre, describe arcs on each side of A P, 
cutting the lines MM, MM, &c. at MM,&c. ; 
then through all the points M, M, M, &c. 
draw a curve, which will be a parabola. 

1100. Theorem V. If a tangent he drawn 
from the vertex of an ordinate to meet the axis 
produced, the suhtangent PT ( Jig. 448, ) wdl 
l>e equal to twice the distance of the ordinate 
from the vertex. 

If MT be a tangent at M, the extremity of tho ordinate PM ; then the sub-tangent PI 
is equal to twice A P. For draw MK parallel to AH, 

Then, by llieor. IL, KM : KI : : GK ! : P ; 

And as MKI, TPM are similar, KM : KI : : PT : PM. 

Therefore, by equality, P : PM : : GK ; PT ; 

And by Cor. Theor. 1., P : PM : : PM : AP. 

Therefore, by equality, AP : PT::PM : GK. 

But when the ordinates HI and PM coincide, MT will become a tangent, and OK will 
become equal to twice PM. 

Therefore AP : PT::PM : 2PM, or 
PT=2AP. 

From this property is obtained an easy and accurate method of drawing a tangent to any 
point of the curve of a parabola. Thus, let it be re- 
quired to draw a tangent to any point M in the curve. 

Produce PA to T {Jig. 449.), and draw MP perpendi- 
cular to PT, meeting AP in the point P. Make AT 
equal to AP, and join MT, which will be the tangent 
required. 

1101. Theorem VI. T7»c radius vector is equal to 
the distance between the focus and the intersection of a 
tangent at the vertex of an ordinate and the axis pro- 
duced. 

Produce PA to T {Jig. 450.), and let MT be a tangent at M ; then will FT — FM. 

Fqr FT=AF+AT; 

But, by last theorem, A Ps= AT; 

Therefore FT = A F + A P. 

But, by Theorem III., FM *» A F + A P ; 

• Therefore, by equality, FMsaFT. 

Coroll. 1. If MN be drawn perpendicular to MT to meet the axis in N, then will 
FN«FM»FT. For draw FH perpendicular to MT, and it also bisects MT, because 
FMa* FT ; and since HF and MN are parallel, and MT is bisected in H, the line TN will 
also be bisected in F. It therefore follows that FN »» FM » FT. 

Coroll. 2. The subnormal PN is a constant quantity, and it is equal to half the para> 
meter, or to 2AF. For since TMN is a right angle, 

Therefore 2AP or TP : PM:: PM : PN. 

But, by the deBnition of parameter, A P : PM : : PM ; P ; 

Tbwfore PN-|P 
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Co foIT t 8. The tangent of the vertex AH is a mean proportional between AF and A P. 
For sinoe FHT is a right angle, therefore AH is a mean proportional between AF and AT{ 
and ainoe ATv AP, AH is a mean proportional between AF and AP. Also FH is a 
mean proportional between FA and FT, or between FA and FM. 

Coroll. 4. The tangent makes equal angles with FM and the axis AP, as well as with 
FC and CL 

1102. Theorem VI 1. Aline parallel to the oaris, intercepted by a double ordinate and a 
tangent at the vertex of that ordinate^ will be divided by the curve in the same ratio as the line 


itsdf divides the double ordinate, 

iei QM (/y. 451.) be the double ordinate, MT the tangent, AP 
the axis, GK the intercepted line divided by the curve in the point I ; 
then wiU GI : IK::MK : Ka 

For by similar triangles MKG, MPT ; MK : KG :: PM : PT, 

or 2AP; 

By the definition of parameter, P : PM : ; PM : 2 A P ; 

Therefore, by equality, P : MK : : PM : KG ; 

And again, by equality, PM : MK::2AP : KG ; 

And by division, MK ; KQ:: GI : IK. 



1103. Problem I. To describe a parabola. 

If a thread, equal in length to the leg BC {fg. 452.) of a • — , > 

right angle or square, be fixed to the end C, and the other end ** 

of the thread be fixed to a point F in a plane, then if the p \ 

square be moved in that plane so that the leg AB way slide / ^ \ 

along the straight line GH, and the point D be always kept / \ 

close to the edge BC of the stfuare, and the two parts FD and j L \ 

DC of the string kept stretched, the point D will describe a 

curve on the plane, which will be a parabola. Fif,.4'»x. 

1104. PaOB. II. Given the double ordinate DE and the abscissa BC in position ami 
m’/gnitudct to describe a parabola. 

Through B (,jigs, 453, 454.) draw FG parallel to DE,and DF and EG parallel to CD 
y M f. Divide DC and 

* c 

^ — r — 

/7 / parts. From 

the points of 

2 / \ division in DF draw lines to B. Through the points of divi- 

K sion in DC draw lines parallel to BC, and through the 

1 ' \ points of intersection of the corresponding lines draw a curve, 

/ \ and complete the other half in the same manner ; then will 

I I I I M DBE be the complete curve of the parabola. The less BC 

“ * li ?453 ^ proportion to CD, the nearer the curve will approach to 

* the arc of a circle, as in fig. 422. ; and hence we may describe 

the curve for diminishing the shaft of a column, or draw a flat segment of a circle. 

1105. PaoB. 111. The same parts being given, to describe the parabola by the intersection 
of straight lines. 

Produce CB to F (fg. 455.), and make BF equal to BC. Join FD and FE. Divida 
DF* and F£ in the same proportion, or t 

into the same number of equal parts. Let 
the divisions be numbered from D to F, 2 

and from F to E, and join every two ^ — ' "" 

corresponding points by a straight line ; 

then the intersection of all the straight d ^ E 

lines will form the parabola required. 

1 106. Pkob. IV. To draw a straight line from a given point in the curve of a parabola, 
which shall be a tangent to the curve at that 


ptiint. 

Let DC (Jig. 456.) be the double or- 
dinate, cB the abscissa to the parabolic 
curve DBC, and let it be required to 
draw a tangent from the point e in the 

curve. Draw ef parallel to DC, cutting ng.fjo. 

BC in /: produce cB to g, and make Bp- equal to Bf, and join ge, then will ge l)e the 
taqmt required In the same manner DH will be found to be a tangent at D. If ck 
be drawn perpendicular to the tangent pe, then wUleK be also perpendicular to the curve, 
and in the proper direction for a joint in the masonry of a parabolic arch. 
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1 107. The uses of the parabolic curve in architecture are many. The theorists say that 
it is the curve of equilibrium for an arch which has to sustain a load uniformly difRtsed over 
its len^h, and that therefore it should be included in the depth of lintels and flat arches; and 
that it is nearly the best form for suspension and other bridges, and for roofs. It is also con- 
sidered the best form for beams of equal strength. It may be here also remarked, that il 
is the curve described by a projectile, and that it is the form in which a jet of water is 
delivered from on orifice made in the side of a reservoir. So is it the best curve for the 
reflection of light to be thrown to a distance. In construction it occurs in the intersection 
of conic surfaces by planes paialld to the side of the cone, and is a form of great beauty 
fur itiu ot mouldings, in which manner it was muoti used in Grecian buildings. 


OENEEAL METHOD OF DETERMINING AND DESCKIBINO THE SPECIES OF CONIC SECTIONS. 

HOB. In a conic section, let there be given the abscissa AB 457.), an ordinate BC* 
and a tangent CD to the curve at the ex- 
tremity of the ordinate to determine the 
species of the conic section, and to de- 
scribe the figure. 

Draw AD parallel to BC, and join AC 
(Nos. 1. and 2.). Bisect AC in £, and 
produce D£ and A B, so as to meet in F 
when D£ is not parallel to AB; then in 
the case where DE will meet AB or AB 
produced in F, the point F will be the 
centre of an ellipsis or hyperbola. In this 
case produce AF to G, and make FG 
equal to FA; then if the ordinate BC 
and the centre be upon the same side of 
the apex A, the curve to which the given 
parts belong is an ellipsis ; but if they 
be on different sides of it, the curve is 
an hyperbola. When the line DE (No. 

3.) is parallel to AB, the figure is a parabola. 

1109. In a conic section, the abscissa AB {Jig. 458.), an ordinate BC, and a point D In 
the curve being given, to determine the species of the curve, and thence to describe it. 

Draw CG parallel to AB (Nos. 1. and 2.), and AG parallel to BC. Join AD, and 
produce it to meet CG in c. Divide the ordinate CB in / in the same proportion as 
CG is divided, then will C/ : /B : : Ce : eG. Join D/, and produce it or/D to meet AB 
or BA in h ; then if the points D and h fall upon opposite sides of the ordinate BC, the 
curve is an ellipsis ; but if D and h fall upon the same side of the ordinate BC, the curve 
will be an hyperbola. If D/ (No. 3.) parallel to AB, the curve will be a parabola. 
In the case of the ellipsis and hyperbola. Ah is a diameter; and therefore we have a dia- 
irieter and ordinate to describe the curve. 



Sect, V. 

DESCRIPTIVE GEOMETRY. 

1110. Hie term Descriptive Geometry, first used by Monge and other French geometer! 
to express that part of the science of geometry which consists in the application of geometrical 
rules to the representation of the figures and the various relations of the forms of bodies, 
according to certain conventional methods, dififers from common perspective by the design 
or representation being so made that the exact distance between the different points of the 
body reiiresented can always be found ; and thus the mathematical relations arising from 
its form and position may be deduced from the representation. Among the English writers 
on practical architecture, it has usually received the name of prqjtctiont from the circum- 
stance of the different points and lines of the body being projected on the plane of re- 
presentation ; for, in descriptive geometry, points in space are represented by their ortho- 
graphical projection on two planes at right angles to each other, called the planes of prqjec- 
fwnf one of which planes is usually supposed to be horisontal, in which case the otlier is ver- 
tical, the projections being called horisontal or vertical, according as they are on one or 
other of thWe jilanes. 

1111. In this system, a point in space Is represented by drawing a perpendicular from it 
tu each of the planes of projection; the point whereon the perpendicular falls is the 
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pr<ij«otioQ df the proposed point Then, as points in spaee are the t>ouL^darie■ of lines; so 
their projections similarly form lines, by whose means their projection is obtained t and by 
the projections of points lying in curves of any description, the projections of those curves 
ore obtained. 

1112. For obvious reasons, surges cannot be similarly represented ; but if we suppose 
the sur&ce to be represented, covered by a system of lines, according to some determinate 
law, then these lines projected on each of the two planes will, by their boundaries, enable 
us to project the surfiu;e in a rigorous and satis&ctory manner. 

1113. There are, however, some sur&cea which may be more simply represented ; for a 
plane is completely defined by the straight lines in which it intersects the two planes of 
projection, which lines are called the traces of the plane. So a sphere is completely defined 
by the two projections of its centre and the great circle which limits the projections of its 
points. So also a cylinder is defined by its intersection (or trace) with one of the planes of 
projection and by the two projections of one of its ends ; and a cone by its intersection 
with one of the planes of projection and the two projections of its summit. 

1114. Monge, before mentioned, Hachette, Vallce, and Leroi, are the most systematic 
writers on this subject, whose immediate application to architecture, and to the mechanical 
arts, and most especially to engineering, is very extensive ; in consequence, indeed, of which it 
is consyMd of so much importance in France, as to form one of the principal departments of 
study HPe Polytechnic School of Paris. A sufficient general idea of it for the architec- 
tural MOent tnay be obtained in a small work of Le Croix, entitled, CompUment de$ 
Elemens de Geometric, In the following pages, and occasionally in other parts of this work, 
we shall detail ajjl ^ose points of it which are connected more immediately with our subject, 
inasmuch as we db not think it necessary to involve the reader in a mass of scientific matter 
connected therewith, which we are certain he would never find necessary in the practice of 
the art whereon we are engaged. 

1115. In order to comprehend the method of tracing geometrically the projections of all 
sorts of objects, we must observe, — I. That the visible faces only of solids are to be expressed. 
II. That the surfaces which enclose solids are of two sorts, rectilinear and curved. These, 
however, may be divided into three classes, — 1 st. Those included by plane surfaces, as 
prisms, pyramids, and, generally, similar sorts of figures used in building. 2d. 'lliose 
included by surfaces whereof some are plane and others with a simple curvature, as 
cylinders, cones, or parts of them, and the voussoirs of arches. 3d. Solids enclosed by one 
or several surfaces of double flexure, as the sphere, spheroids, and the voussoirs of arches on 
circular planes. 

1116. First class, or solids with plane surfaces, — The plane surfaces by which these 
solids are bounded form at their junction edges or arrisstSf which may be represented by 
right lines. 

1117. And it is useful to observe in respect of solids that there are three sorts of angles 
formed by them. First, those arising from the meeting of the lines which bound the faces 
of a solid. Second, those which result from the concurrence of several faces whose edges 
unite and form the summit of an angle : thus a solid angle is composed of as many plane 
angles as there are planes uniting at the point, recollecting however that their number 
must be at least three. Third, tlie angles of the planes, which is that formed by two of the 
faces of a solid. A cube enclosed by six square equal planes comprises twelve rectilineal 
edges or arrisses ai(|d eight solid angles. 

1118. Pyramids are solids standing on any polygonal bases, their planes or faces being 
triangular and meeting in a point at the top, where they form a solid angle. 

1119. Prisms, like pyramids, may be placed on all sorts of polygonal base.s, but they rise 
on every side of the base in parallelograms instead of triangles, thus having throughout 
similar form and thickness. 

1120. Though, strictly speaking, pyramids and prisms are polyhedrons, the latter term 
is only applied to those solids whose ikees forming polygons may each be considered as the 
base of a separate pyramid. 

1121. In all soU^ with plane surfaces the arrisses terminate in solid angles formed by 
several of these surfaces, which unite with one another ; whence, in order to find the pro- 
jection of the right lines which represent those arrisses, all that we require to know is the 
position of the solid angles where they meet ; and as a solid angle is generally composed of 
several plane angles, a single solid angle will determine the extremity of all the arrisses by 
which it is formed. 

1122. Second doss : solids terminated hy plane and curved surfaces, — Some of these, as 
cones for instance, exhibit merely a point and two surfaces, one curved and the other flat 
The meeting of these surfaces forms a circular or elliptical arris common to both. The 
projection of an entire cone requires several points for the curvature which forms its base, 
but a single point only is necessary to detemaine ks summit. This solid may be considered 
as a pyramid with an elliptic or circular base ; and to facilitate its projection a polygon is 
inscrilted in the ellipsis nr circle, which serves as its base. 
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kiss. tlM oone U truncated or cut off, polygons may in like manner be insoribed in 
the curves which produce the sections. 

11S4. Cylinders may be considered as prisms whose bases are formed by circles, 
ellipses, or other curves, and tlieir projections may be obtained in a similar manner : that 
is, by inscribing polygons in the curves which form their bases. 

1125. Third cku$ : stdidt whose surfaces have a double curvature . — A solid of this sort 
may be enclosed in a single surfoce, as a sphere or spheroid. 

1126. As these bodies present neither angles nor lines, tliey can only be represented by 
the apparent curve which seems to bound their superficies. This curve may be determined 
by tangents parallel to a line drawn from the centre of the solid perpendicularly to the 
plane ^ projection. 

1127. If these solids are truncated or cut by planes, we must, after having traced the 
furves which represent them entire, inscribe polygons in each curve produced by the sec- 
tions, in order to proceed as directed for cones and cylinders. 

1128. To obtain a clear notion of the combination of several pieces, as, for instance, of a 
vault, we must imagine the bodies themselves annihilated, and that nothing remains but 
the arrisses or edges which form the extremes of the surfaces of the voussoirs. The whole 
assemblage of material lines which would result from this consideration being consideivd 
transparent would project upon a plane perpendicular to the rays of light, traces defining 
all these edges that we have supposed material, some foreshortened, and others of the same 
sire. 'I'hese will form the outlines of the vault, whence follow the subjoined remarks. 

I. That in order, on a plane, to obtain the projection of a right line representing the 

arris of any solid body, we must on such plane let fall verticals from each of 
its extremities. 

II. 'I'hat if the arris be parallel to the plane of the drawing, the line which represents its 
projection is the same size as the original. 

III. That if it be oblique, its representation will be shorter than the original line. 

IV. Tliat perpendiculars by means of which the projection is made being parallel to 
each other, the line projected cannot be longer than the line it represents. 

V. That in order to represent an arris or edge perpendicular to the plane of projection, 

a mere point marks it because it coincides in the length with the perpendiculars of 
projection. 

VI. 'J'hat the measure of the obliquity of an arris or edge will be found by verticals 
let fall from its extremities. 

1129. In conducting all the operations relative to projections, they are referable to two 
planes, whereof one is horizontal and the other vertical. 

PROJECTION OF RIGHT LINES. 


1130. The projection of a line AB (Jig, 459.) perpendicular to a horizontal plane is ex- 
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pressed on such plane by a point K, and by the lines a5, equal to the original on ver- 
ical planes, whatever their direction. 

1131. An inclined line CD (Jig. 460.) Is represented on an horizontal or a vertical plane 
by od, c'd\ shorter than the line itself, except on a vertical plane, parallel to its projection, 
on the horizontal plane vfhere it is equal to the original CD. 

1182. An inclined line EF (Jig. 461.) moveable on its extremity E, may, by preserving 
the same inclination in respect of the plane on, which it lies, have its projection successively 
in all the radii of the circle E/, determined by.the perpendicular let fall from the point F. 

1133. Two lines GH, IK ( Jig. 462.), whereof one is parallel to an horizontal plane and 
the other inclined, may have the same projection w, n, upon such plane. Upon a vertical 
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plane perpendieiikur to mn, the proj^tion of the line GH will be a point 04 and that of the 
inclin^ line IK, the vertical ik^ which measures the inclination of that Hma tastly* on a 
vertical plane parallel to ma, the projection i%' and gV will be parallel end e^piil to the 
original lines. 


TROJxcTicv or soaracKs. 

11S4. What has been said in respect of right lines prqjected on vertical and 
planes may be applied to plane surfaces ; thus, from 
the surface A BCD (Jig, 4^3.), parallel to an hori- 
zontal plane, results the projection abed of the same 
size and form. An inclined atir&ce EFGH may 
have, though longer, the same projection as the 
level one ABCD, ifthe lines of projection AE, BF, 

DH, CG are in the same direction. 

1135. The level surface ABCD would have for 
projection on vertical planes the right lines afc, b'c\ 
because that surfiioe is in the same plane as tha 
lines of projection. 

1136. 'fhe inclined surface EFGH will give on 
vertical planes the foreshortened figure kgef of that 
surface ; and upon the other the simple line fq^ 
which shows the profile of its inclination, because 
this plane is parallel to the side of the inclined sur- 
face. 


horizontal 



Fig. 468. 


PROJECTION OP CURVED LINES. 

1 1.37. Curved lines not having their points in the same direction occupy a space which 
brings them under the laws of those of surfaces. The projection of a curve on a plane 
parallel to the surfiuse in which it lies (Jig. 464.) is similar to the curve. 



1138. If the plane of projection be not parallel, a foreshortened curve is the result, on 
account of its obliquity to the surface (Jig. 465.). 

1139. If the curve be perpendicular to the plane of projection, we shall have a line 
representing the profile of the surface in which it is comprised ; that is to say, a right 
line if the surfisce lie in the same plane (Jig. 466.), and a curved line if the surface be 
curved (Jig. 467.). 

1140. In order to describe the projwtion of the curved line ABC (Jig. 467.), if the 
surface in which it lies is curved, and it is not perpendicular to the plane of projection, 
a polygon must be inscribed in the curve, and from each of the angles of such polygon 
a perpendicular must be let fall, and parallels made to the chords which subtend Ihe arcs. 
But it is to be observed, that this line having a double fiexure, we must further inscribe a 
polygon in the curvature which forms the plwe abe of the suifruie wherein the curved line 
lies. 

1141. The combloition and developement of all the parts which compose the curved 
surfaces of vaults being susceptible of representation upon vertical and horizontal planes by 
right or curve lines terminating their sur&ce8,if what has been above stated be thoroughly » 
understood, it will not be difficult to trace their projections for practical purposes, 
whatever their dtuation and direction in vaults or other surfizees. 




1143. H we suppose the cube to move on an ax's, so that two of its opposite faces 
remain perpendicular to the planes (fig. 469.)* its projection on each will be a rectangle, 
whose length will vary in proportion to the difference between the side and the diagonal 
of the square. The motion of the opposite arrisses will, on the contrary, produce a 
rectangle whose width wUl be constant in all the dimensions contained of the image of 
the perfect square to the exact period when the two arrisses unite in a single right line. 

1144. .A cylinder (fig. 470.) stands perpendicularly on an horizontal plane, and on such 
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1145. TTie projectiou of an mclincd cylinder (fy, 471.) is sliown on a vertical and 
boruontal plane. 

1146. In Jip. 47ti. we have the representation of a cube doubly inclined, so that tlie 
^h^onal from the angle B to the angle G is upright, 'rhc projection produced by thki 
l^ition upon an horizontal plane is a regular hexagon acbefg, and upon a vertical plane the 
rectangle Be^ro whose diagonal Bp is upright 4 but as the elfect of perspective chantces tne 
effect of the cube and its projections, it is represented geometrically in ^g. 473. 

1 147. In figures 474. and 475. a pyramid and cone are represented with their pro* 
jections On horizontal and vertical planes. 

1 H 8 . Fig. 476. represents a ball or sphere with its projections upon two planes, one 
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vertical art! the other horizontal, wherein is to lie remarked the perfection of this solid, 
seeing that its projection on a plane is always a circle wlienever the plane is parallel to ih« 
circular base formed by the contact of the tangents. 

DKVELOPEZlSirT OF WHOSE SURFACES ARE FI.ANB. 

1149. We have already obscrved||K solids are only distinguished by their apparent 
faces, and that in those which have jIHIv surfaces, their faces unite so as to form solid angles. 
We have also observed that at least tWee plane angles are necessary to form a solid angle ; 
whence it is manifest that the most fiAple of all the solids is a pyramid with a triangular 
base, adiich is formed by four triangles, whereof tliree are united m the angles at its apex. 
{Fig. 471.) 

1150. 'riie develupemcnt of this solid h obtained by placing on the sides of the base, 

K>k. 177. Fig 4 »K 
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the three trisngles whose faces are inclined {fig. 478,); by which we obtain a figure 
composed of four triangles. To^ut this out in paper, for instance, or any other flexible 
material, after bending it on the lines ab, 5c, ac, which form the triangle at the base, the 
three triangles arc tutned up so as to unite in the summit. 

' 1>EVZI.OPEMEIfT or RXOULAR fOLYHaDEOlfSt 

1151. The solid just described fovmod of four equal equilateral triangle^ ns we have 
seen, is the simplest of the five regular polyhedrons, and is ealled a letraAmlma, fli cm its 
being composed of four similar faces. The others arc 
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^ The kexakednmt or cube whose fkces are six in number t 
The oetahedrwh whose faces are eight equilateral triangles ; 

ITic dodecahedron^ whose faces are twelve regular pentagons } 

The tcotoAsdren, consisting of twenty equilateral triangles. * 

These five regular polyhedrons are represented by tlie figuree 477. 479, 4801, 481, and 48^, 
and tlieir developement hy figuree 478. 483, 464, 485* and 48d. 



rm. 483. 


ri|. laS. 



Fig. 484* Fig. 488. 


1 1 52. The surfaces of these developements are so arranged as to be capable of being 
united by moving them on the lines by which they are joined. 

1153. It is hero proper to remark, that the equilateral triangle, the square, and the 
pentagon, are the only figures which will form regular polyhedrons whose angles and sides 
are equal ; but by cutting in a regular method the solid angles of these polyhedrons, 
others regularly symmetrical may be formed whose sides will be formed of two similar 
figures. Tlius, by cutting in a regular way the angles of a tetrahedron, we obtain a poly- 
hedron of eight faces, composed of four hexagons and four equilateral triangles. Similarly 
operating on the cube, we shall have six octagons, connected by eight etjuilateral triangles, 
forming a polyhedron of fourteen faces. 

1154. liie same operation being performed on the octahedron also gives a figure of 
fourteen faces, whereof eight are octagons and six are squares. 

1155. The dodecahedron so cut produces twelve pentagons united'i|||rj|wenty hexagons, 
and having thirty-two sides. Hiis last, from some points of view, so approaches tiie 
figure of the sphere, that, at a little distance, it looks almoj|i|)herical. 

C 

DEVELOPEMENT OF PYRAMIDS 



1156. The other solids whose surfaces are plaid^^Hp^eof mention has already been 
made, are pyramids and prisms, partaking of the mHpdron and cube ; of the former, 
inasmuch as their sides ab^e the base are formed bylnangles which approach each other 
so as together to form the solid angle which is the summit of the pyramid ; of the latter, 
because their faces, which rise above the base, are formed by rectangles or parallelograms 
which preserve the same distance from each other, but dififer, from their rising on a poly- 
gonal base and being undetermined as to height. 

1157. This species may be regular or irregular, they may have their axes perpendicular 
or inclined, they may be truncated or cut in a directi^^n either parallel or inclined to their 
liases. 

1158 The developement of a pyramid or right prism, whose base and height are given, 
is not attended with difficulty. The operation is by raising on each side of the base a triangle 
equal in height to the inclined face, as in the pyramidal figures 487. and 488., ana a 
rectangle eqiial to the perpendicular height if it be a prism. 


DEVELOPEMENT OP AN OBUQUB PYRAMID. 

1159. If the pyramid be oblique, as in fig. 489., wherein the length of the sides of each 
triable can only be represented by foreshortening them in a vertical or horixontal pro- 
Joction, a third c^ration is necessary, and that is fimnded on a principle common to all 
|*W{le<rtioiis ; vi*. ikai thfj§$tgth of an indined line prt^ded or fortehortened on a ptane^ 
depends upom iki dijfertncr ejfdhe perpendicular dongedion of ite extremiike from the planot 
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wime in all caae$ a rectangular triangle, tekoee vertices and horizontal pr<^eeHem giot 
tidez, the third, which is the hypolhenuse,Joinitig them, will express the length of the fire^Ol^tm 
Unr 
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Fig. 49*. 


1160. In the application of this rule to the oblique pyramid of fig, 489., the position of 
the point P (^. 490.) must be shown on the plan or horizontal projection answering to tl>e 
apex of the pyramid, and from this point perpendicular to the face CD on the same side 
the perpendicular PG must be drawn. Then from the point P as a centre describe the 
arcs BA Cc, which will transfer upon PG the horizontal projections of the inclined 
arrisses AP, EP, and DP ; and raising the perpendicular PS equal to the height of the 
apex P of the pyramid above the plane of projection, draw the lines Sa, SO, Sc, which will 
give the real lengths of all the edges or arrisses of the pyramid. 

1 161. We may then obtain the triangles which form the developement of this pyramid, 
by describing from C as a centre with the radius Sc, the arc ig, and from the point D 
another arc intersecting the other in F. Drawing the lines CF, DF, the triangles CFD 
will be the developement of the side DC. To obtain that answering to BC, from the 
points F and C with S^» and Be as radii, describe arcs intersecting in B' and draw B'F and 
CB': the triangle FCB' will be the developement of the face answering to the side Be. 

1162. We shall find the triangle FA'B', by using the lengths SA and BA to find the 
points B' and F, which will determine the triangle corresponding to the face AB, and lastly 
the triangles FD£' and F£'A'^ corresponding to the fitces D£, A£ by using the lengtlis 
S6, DE and SA, AE. The whole developement AEDE'A"F, A'B', CBA being bent on 
the lines B'FcF, CD, DF, and EF will form the inclined figure represented in fig, 489. 

1163. If this pyramid be triiipM iM | A y the plane mn, parallel to the base, the contour 

resulting from the section may j H^W Ked on the developement by producing Pm from F 
to a, and drawing the lines ab, and ea" parallel to A'B', B'C, CD, DE' and E'A". 

1 1 64. But if the plane of the be perpendicular to the axis, as mn, from the point 

F with a radius equal to Po dcsM|||pan arc of a circle, in which inscribe the polygon 
o6"c"d'e"o". Then the polygon ?' is the plane of the section induced by the line mo. 

UEVELOFEMENT OF RIGHT AKD OBLIQUE PRISMS. 

1 165. In a right prism, the (aces being all perpendicular to the bases which terminate 
tlic solid, the developements are rectangles, consisting of all these faces joined together and 
enclosed by two parallel right lines equal to the contours of the bases. 

1 1 66. When a prism is inclined, the faces form different angles with the lines of the 
contours of the ba^ whence results a developement whose extremities are terminated by 
lines fbrning portions of polygons. 

1167. We must first begin by tracing the profile of the prism parallel to its degree of 
inclination (fig, 491.). Having drawn the line Cc, which represents the inclined axis of 
the prism in the direction of its length, and the lines AD, to show the surfiicOs by 
which it is terminated, describe on such axis the polygon which forms the plane of tiie 
prism h, i, h, I, m perpendicular to the axis. Producing the sides hi, hn parallel to the axis 
to meet the lines AD, bd, they will give the four arrisses of the prism, answerii^ to the 
angles h, n,h,l\ and the line Cc which loses itself in the axb will give the arrisses im. 

1 1 68. It must be observed, that in this profile the rides of the polygon h, i, h,l, fie give 
the width of the faces round the prism, and the lines AA Cc, Dtf .their length. From this , 

follows the horisontal projection (fig. 492.) wherein the lengthened polygons 
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•ent the bases of the prlian. In order to obtain the developetiier4t of this iiK*lhied prtsni, 
to that being bent up it may form the figure, fi'om the middle of Cc^/tg. 491 . a perpendicular 
0 , p, q must be raised, produced to I , Jig. 493, ; on this line must be transferred the 
widths of the faces shown by the polygon A, i, A, /, m, a, of Jig, 491. in /, A, i. A, n, m, T, 
Jig. 493. : through these points parallel to the axis, lines are to be drawn, upon which 
of Jig, 491. must be laid from I to E, from A to D, and from /' to E'tjig, 493. ; pC,Jlg. 491., 
must be laid from i to C, and from m to F In Jig. 493. 

oA. ^fig. 491., is to be laid from A to B and from n to A, Jig. 493., which will give 
the contoua of the developement of the upper part by drawing the lines £D, 
DCB, BA, A¥E\ fg. 492 

To obtain the contour of the base, qd of Jig. 491. must be transferred from I to q, from A 
to d and from /' to c'. Jig. 493. 

pe from Jig. 491. from i to c and from m to / (Jig, 493.) ; lastly, oh of 491. must 
be transferred from A to A and from n to a {Jig. 493.) and di awing tiie linos ed, 
hcdt hot and aj^, the contour will be obtained. 

1169. The de\ elopement will be completed by drawing on the faces B A and Aa, elongated 
polygons similar to ABCDEF and abedef of Jig. 491. and of the same sise. 

DEVELOFEMENT OF RIGHT AND OBLIQUE CYLINDERS. 

1170. Cylinders may be considered as prisms whose bases are formed by polygons of an 
infinite number of s.des. Thus, graphically, the developement of a right cylinder is ob- 
tained, by a rectangle of the same height, having in its other direction the circumference of 
the circle which serves as its base measured by a greater or less number of equal parts. 

1171. But if the cylinder is oblique (^Jig. 494.), we must take the same measures as for 





the prism, and consider the inclination of it. Having described centrally on its axis the 
circle or ellipsis which forms its perpendicular thickness in respect of the axis, the circum- 
fisrcnce should be dividi^ into an even number of equal parts, as, for instanoe, twelve, 
beginning from the diameter and drawing from the points of division the parallels to the 
axis HA, Ac, eA, d/, GO, which will give the projection of the bases and the general 

developement. 

11 72 For the projection of the bases on an horizontal plane, it is necessary tliat from 
the points where the parallels meet the line of the base HO, indefinite perpendiculars 
abouid be let fell, and after having drawn the line H' O', parallel to HO, upon these per- 
fendiculan above and below the parallel must be ^tipaferred the sise of the ordinaterof 
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eirele or ellipsis traced on the axis of the cylinder, that is, pi and plO to /'ll and 
I'iO : 9 S and 79 in and k'q, &c. In order to avoid unnecessary repetition, the Jipg, 494, 
495, 496. are similarly figured, and will by inspection indicate the corresponding lines 

1175. In the last figure the line £'£' is the approximate developement of the circum- 
ference of the circles which follow the section DE perpendicular to the axis of the cylinder, 
divided into 12 equal parts, 494. For which purpose tliere have been transferr^ upon 
this line on each side of the point D, six of the di\ isions of the circle, and through these 
points have been drawn an equal number of indefinite parallels to the lines traced Upon the 
cylinder in 494. ; then taking the point D' as correspondent to B, the length of these 
lines is determined by transferrii^ to each of them their relative dimensions, measured 
from DE in AG for the superior surface of the cylinder, and from DE to HO for 
the base. 

1174. In respect of the two elliptical surfaces which terminate this solid, what has been 
above stated, on the manner of describing a curve by means of ordinates, will render fuither 
explanation on that point needless. 


DEVELOPESIENT OF RIGHT AND OBLIQUE CONES. 

1175. The reasoning which has been used in respect of cylinders and prisms, is ap- 
plicable to cones and p) ramids. 

1176. In right pyramids, with regular and symmetrical bases, the edges or arrisses from 
the base to the apex are equal, and the sides of the polygon on which they stand being 
equal, their developement must be composed of similar isosceles triangles, which in their 
union will form throughout, part of a regular polygon, inscribed in a circle whose inclined 
udes will be the radii Thus in considering the base of the cone AHB ■( 3 %.- 497 .J as a 



circle {jig, 498.) i^hose radius is equal to the side AC of the oone, and lbs 

arc equal to the circumference of the ciicle which is its ba^se. 

1177, Upon this may be traced tlie developement of the curves which would result from 
the cone cut according to the lines DI, EF, and GH, which are the ellipsis, the parabola, 
and the hyperbola. For this purpose the circumference of the base of the cone must be 
divided into equal parts ; from each point lines must be drawn to the centre C, repre^nting 
in this case the apex of the cone. Having transferred, by means of parallels, to FF, the 
divisions of the semi-circumference AFB of the plan, upon the line A B , forming the base 
uf the vertical projection of the cone (^fig, 497.) to the points 12, FS , and 4^, which, be- 
cause of the uniformity of the curvature of the circle will also represent the divisions on tlie 
plan marked 8, 7F', 6, and 5; from the summit C in the elevation of the cone, the lines 
Cr, C'2', C'F, C'3', C'4' are to be drawn, cutting the plans DI, EF, and GH of the ellipse, 
of the parabola, and of the hyperbola; then by the assistance of these intersections tlieir 
figures may be drawn on tlie plan, the first in Xyp'Vp *' ; the second in FE^F' \ the third in 

1178. To obtain the points of the circumference of the ellipse upon the developement 

(^. 498.), from the pomts n, o,/>, g, r of the line DI {Jig, 497.> draw parallels to the base 
for the purpose of transferring their heights upon C B at the points 1, 2, 3, 4, 5. Then 
tranilbr CD upon the developement, in C'V", C'V'', C C'V'" ; snd in the same 

order belosr, Cy ", C C' r'"’ ; and CT from C" in I" and Ihl* 
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cttrve pasgiug through these points will be the developement cf the clrcint&^nce'or the 
eUipsG indicated in 497. by the right line DI, which is its great axis, 

1179. For the parabola (J^. 499.) on the side CA' (Jig. 497.), draw hg and ah ; then 

transfer C'E on the developement in C"E"; C'g from C'' to b'" and h"" i C% from C" to 
n'" and a"" ; and through the points F" a% b% E", a'"\ F' , trace a curve, which 

will be the developement of the parabola ^own in Jig. 497. by the line £F. 

1 1 80 . For the hyperbola, having drawn through the points m and i, the parallels me, if, 

transfer C'G from C" to G", and from C" to G'" of the developement, C'e from C" to m " 
and m"", C/from C" to t'" and i"" ; and after having transferred 3H' and 6H'' of the plan 
to the circumference of the developement, from S to and from 6 to H"", of 

the points H'", i'\ m'", G" and H"", i"", m"", G'", draw two curves, of whi(|d^H&l be 
the developement of one half of the hyperbola represented by the right lines 

figs. 497. and 500 ., and by ^/ig. 501 . 

1181 . The mode of finding the developement of an oblique cone, shown in figa. 502 , 5iJ3t 



Fig, 504. FJg. 503. , ' 

504, 505. differs, as follows, from the preceding. 1. F|f|||Hpr position of the apex C upon 
the plan 509., determined by a verticsil let fall from suaH^pK in Hg, 502, 2. Because the 
line DI of this figure, being parallel to the base, givS^^r the plan a circle instead of an 
ellipsis. 3. Because in finding the lengthened exteq||ir the right lines drawn from the 
apex of the cone to the circumference of the base, divided into equal parts, 504. is intro* 
duced to bring them together in order to avoid confusion, these lines being dl of a different 
size on account of the obliquity of the cone. In this figure the line CC' shows the perpen- 
dicular height of the apex of the cone above the plan ; so that by transfetring from each side 
the prqjectiOBs of these lines taken on the plan from the point C to the circumference, we 
shall have CA", Cl, C2, CF", CS, C4, CB', on one side, and CA', C8, C7, CF, C6, C5, and 
CB" on the other ; lastljjr, from the point C drawing lines to all these points, they will give the 
edges or arrisses of the mseribed pyramid, by which the developement in Jig. 505. is obtained. 
Having obtained the point C" representing the apex, a line is to be drawn through it equal 
to CA^' (Jig. 504.) ; tfien with one of the divisions of the base taken on the plan, such as 
Aly it must be laid from the point A of the developement of the section ; then taking C'l 
504., describe from the point C" another arc which will cross the former, and will 
determine the point 1 of the developement Continuing the operations with the constant 
length Al and the difibrent lengths C2, CF', C.9, &c., taken from Jig, 504. and transferred 
to C"2, C"F, C"S, &c. of the developement, the necessary points will be obtained for tracing 
the curve B"AB'", representing the contour of the oblique base of the cone. 

1 1 82. We obtain the developement of the circle shown by the line DI otjlg, 502. parallel 
to that of the base AB, by drawing another line FD D T" (Jig, 504.) at the same distance 
from tlie summit C, cutting all the oblique lines that have served for the preceding de- 
velopement; and on one si&, CD ', Ca, Co, Cp, Cq, Cr, Cl", must be carried to fig, 505., 
from C" to D", n, o, p, q, r, and on the other from C"to n,o,p%q, r, and I"", on fig. 505, 
Die curve line passing through these points will be the developonent of this circle. 

1 1 89, To tru'e upon the developement the parabola and hyperbola 8ho#n by the lines 
EF, GS of fig, 502., from the points E5a, Gmi draw parallels to the base AB, which, 
tra^erred to jlJg. 504,, will indicate upon corresponding lines the real distance of these 
poittts from the apex which are to be laid in fig. 505, from C" to E, &, a, b and o for 
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tile panib<ae» from C'^ to G, ^ cm one Bide, and on the otlir to G, m, i, for the 
bype^l^ Each Of thete is represented in Jifft. 506. and 507. ^ 

imvKLOPEjeaxT or Bonias oa solids whos* suaFAcas have a double cubvaturb. 

1 1 84. The developement of the sphere and other bodies whose surfece has a double 
flexure would be impossible, unless we considered them as consisting of a great number of 
plane faces or of simple curvatures, as the cylinder and the cone. Thus a sphere or spheroid 
maybe considered — I. As a polyhedron of a great number of plane feces formed by 
truncat^ pyramids whose base is a polygon, as 508. II. By truncated cones, form'nig 
2on^ Aj teyfe * 509. III. By 
parts IpPiMHers cut in gores, 
formi^fiat sides that diminish 
in width, shown by Jiff. 510. 

1 1 85. In reducing the sphere 
or spheroid to a polyhedron 
with flat feces, the develope- 
raent may be accomplbhed in 
two ways, which differ only by 
the manner in which the faces 
are developed. 

1 1 86. ITie most simple me- 
thod of dividing the sphere 
lo reduce it to a polyhedron is 
I hat of parallel circles crossed 
by others perpendicular to 
them, and intersecting in two 
opposite points, as in the com- 
mon geographical globes. If, 
instead of the circle, the poly- 
gons are supposed of the same 
number of side-s, a polyhedron A| 
will be tlie result, similar to 
that represented by Jiff. 508 ., 
whose lialf ADB shows the geo- 
metrical elevation, and >AEB 
the plan of it 

1187 . For the devclopeml 
order to obtain the summits 
hedron ADB; tlicn from the 
describe the indefinite arcs A 
transferred the divisions of the 


^1^. 409. Fig. 410. 

uce Al, 12, 23, so as to meet the produced axis CP in 
of the truncated pyramids which form the semi-poly- 
fP, q, r, with the radii PA, Pi, 9I, 92, r2, r3 and D3, 

1 b'\ 2/', 2f", 3ff', and 3^, upon which, after having 
[^i-polygons A£B, lc6'", 2e'5'", 8e", 4", from all the 
transferred points, as A, 4', 5', 6', 7', 8', 9', B', for each truncated pyramid draw lines to the 
summits P9rD, and other lines which will form inscribed polygons in each of the arcs AB', 
l//f lb ', See, These lines will represent for each band or zone the faces pf the truncated 
pyramids whereof they are part. 

1 1 88. We may arrive at the same developement by raising upon the middle of each side 

of tlie polygon AEB indeflnite perpendiculars, upon which must be laid the height of the 
fiicesof tlie elevation in 1, 2, 3,4; through which points draw parallels to the base, upon 
which transfer the widths of each of the faces taken on the plan, whereby trapezia will be 
formed, and triangles similar to those found in the first developement, but ranged in another 
manner. This last developement, which is called in ffores, is more suitable for geographical 
globes ; the other method, for the formation of the centres, moulds, and the like, of spherical 
vaults. , , 

1189. The developement of the sphere by conic zones (Jiff. 509 ) is obtained by the 
same process as that by truncated pyramids, tlie only difference being, that the develope- 
ment of the arrisses AB', 16', 2/, Sff, are arcs of circles described from the summits ol 
•ones, instead of being polygons. 

1 1 90. Tlie developement of the sphere reduced to portions of cylinders cut in gores 
(^Jiff. 510.) is conducted in the second manner, but inst^ of joining with lines the points 
6, t, 6, </, (Jiff. 508.) they must be united by a curve. This last method is useful in 
Irawing the caissons or pannels in spherical or spheroidal vaults. 



OF THE ANGLES OF PLANES OR SURFACES BT WHICH SOLIDS ARE BOUNDED. 

T191. In considering the formation of solids, we have already noticed three sorts of 
angles, viz. plane angles col id angles and the angles of planes. 'Flie two first have been 
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treated of m tlie preceding iections, and we faave*now to apeak of the eilkh moat 
iit)t be confounded with plane anglea Of these kat, we hare okpfaiided' Ijhet they are 
formed by the lines or arrisses which bound the feces of a solid ; but theluiglea of plan^ 
whereof we a«e about to speak, are those formed by the meeting of two aur&ea joining in 
an edge. 

1192. Hie inclination of one plane ALDE to another ALCB(>?^. 511.) is measured 
hy two perpendiculars FG, FH raised upon each of these planes 
from the same point F of the line or arris AL formed by their 
union. 

1 1 93. It is to be observed, that this angle is the greatest of all 

those formed by lines drawn from the point F upon these two 
planes ; for the lines FG, FH being perpendicular to AL, common 
to both the planes, they will be the shortest that can be drawn from ^ 
the point F to the sides KD, BC, which we suppose parallel to 
AL; thus their distance GH will be throughout the same, whilst 
the lines FI, FK will be so much the longer as they extend beyond Fig. mi. 

the perpendiculars FG, FH, and we shall always have KI equA to GH, and conse- 
quently the angle IFK so much smaller than GFH as it is more distant. 

1 1 94. I'hus, let a rectangular surface be folded perpendicularly to one of its sides so that 
the contours of the parts separated by the fold may fall exactly on each other. If we raise 
one of them, so as to move it on the fold as on a hinge, and so as to make it form all degrees 
of angles, we shall see that each of the central extremities of the moveable part is always in 
a plane perpendicular to the part that is fixed. 

1 1 95. This property of lines moving in a perpendicular plane, furnishes a simple method 
of finding the angles of planes of all sorts of solids whose vertical and horizontal projec- 
tions or whose developements are known. 

1 1 96. Thus, in order to find the angles formed by the tetrahedron or pyramid on a tn 
angular base (Jig. 477.), we must for the angles of the base with the sides, let fall from 
the angles ABC perpendiculars to the sides oc, c5, and ab, which meet at the centre of the 
base in D. It is manifest from what has just been said on this subject, that if the three 
triangles are made to move, their angles at the summit A, B, C will not be the vertical 
planes shown by the lines AD, DB, DC, and that they will meet at the extremity of the 
«rcrtical, passing through the intersection of these planes at the point D. Tims we obtain 
for each side a rectangular triangle, wherein two sides are known, namely, for the side cb, 
the hypothenuse cd, and the side cD. ITius raising from the point D an indefinite per- 
pendicular, if from the point e with cB for a radius an arc is described cutting the per.i 
pcndicular in d, and the line de be drawn, the angle deD will be that sought, and will be 
the same for the three sides if the polyhedron be regular ; otherwise, if it is not, the 
operation must be repeated for each. 

1197. Hiese angles may be obtained with great accuracy by taking de, or its equal eB, 
for the whole sine; then de I eD::sine : sine 19*^ 28', whose complement 70^ 32' will, if 
the polyhedron be regular, be the angle sought. In this case, all the sides being equal, 
and each being capable of serving as base, the angles throughout are equaL In respect 
of the cube {^gs. 479. and 483.) whose faces are composed of equal squares, and whose 
angles are all right angles, it is evident that no other angles can enter into their com- 
bination with each other. 

1 1 98. To obtain the an^le formed by the faces of the octahedron (^g. 480. ) from the 
points C and D : with a distance equal to a vertical dropped upon the base of one of the 
triangles of its developement ( Jig. 484. ), describe arcs crossing each other in F ; and the 
angle CFD will be equal to that formed by the faces of the polyhedron, and will be found 
by trigonometry to be 70® 82'. In the dodecahedron (Jig. 481.), the angle formed by the 
faces will be found by drawing upon its projection the lines DA, and producing the side 
B to £, determined by an arc made from the point D with a radius equal to BA. The 
angle sought will be found to be 108 degrees. 

1199. For the icosahedron (Jig. 482.), draw the parallels Aa, B6, Cc, tad after having 
made be parallel and equal to BC, with a radius equal thereto, describe an arc cutting in 
a the parallel drawn from the point A ; the angle abc will be equal to that formed by tba 
sides of the polygon, which by trigonometry is found to be 108 aegrees, as in the tiodeca 
hedron. 

1200. For the pyramid with a quadrangular base (fg. 487.) the angle of each free with 
the base is equal to PAB or PBA, because this fi^re, which represents its vertical pro- 
jection, is in a plane parallel to that within which will be found the perpendiculars dropped 
from the summit on the lateral faces of the base. 

1201. In order to obtain the angles which the inclined sides form with one another, 
draw upon ftie developement (^g. 488.) the line ED, which, because the triangles PEC, 
PCD are equal and isocele^ will be perpendicular to the line PC, i^resenting one of the 
•nrisses which are formed. .Then from the point D with a radius equal to DF, snd 
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ft'Oin t)ie point C with a radius equal to the diagonal AD (of the square representing 
the iquare of the liase) describe arcs intersecting each other. The angle FDG will be 
the angle sought We may suppose it taken along the line BC traced in^. 487. 

1202. fn order to obtain the angles formed by the faces of an oblique pyramid 489.), 
through some point q of the axis draw the perpendicular mo, showing the base oqmq'o* of 
the right pyramid w/w, whose developement is shown in Jig. 490., by the portion of the 
polygon a, b'\ c"', e", d'\ a*F. 

120.^. By means of this base and the part developed, proceeding as we have already ex- 
plained for the right pyramid, we shall find the angles formed by the meeting of the faces, 
and they will differ but little from those of the little polygon nqmqV* 

1204. In respect to the angles formed by the faces inclined to the base, that of the face 
answering to tlie side De of the base is expressed by the angle A DP of the vertical projec- 
tion, Jig. 489. 

1205. As to the other faces, for instance, that which corresponds to the side AE of the 
base (^g. 490,), through any point g draw (;j/ perpendicular to it, meeting the line AF, show- 
ing the projection of one of the sides of the inclined face ; upon the developement of this 
face, expressed by A"E'F, raise at the same distance from the point E' another perpen- 
dicular g'm\ which will give the prolongation of the line shown on the base by A/. If we 
transfer A"m of the developement upon Am, which expresses the inclination of the arris 
represented by this line, we shall have the perpendicular height mf of the point m above the 
bgse, which, ^ing transferred from Jm" upon a perpendicular to gjf, we shall have the two 
sides of a triangle whose hypothenuse pm" will give m'pjl the angle sought. 

1206. In the oblique prism 491.), the angles of the faces are indicated by the plane 

perpendicular to the axis, represented by the polygon hiklmn. 

1 207. ^^Bose of tlie sides perpendicular to the plan of the inclination of the axis are 
expressed^ the angles Dd6, AW of the profile in tlie figure last named. 

1208. In order to obtain the angles formed with the other sides, for instance CcDd and 
CcAb, draw the perpendiculars csbt, whose projection in plan are indicated by s"c' and b't', 
then upon /c, drawn aside, raise a perpendicular c"c"' equal to cs of the profile, 491, 
Through the point c'" draw a line parallel to /c, upon which, having transferred c's' of the 
projection in plan {Jip. 492.), draw the hypothenuse s"c'\ and it will give the angle s'V'f 
formed by the face CcDd with the inferior base. 

1209. To obtain the angles of the face CcAb, raise upon Fb", drawn on one side, a per- 

pendicular b"t'", e<|ual to hi {Jip. 492.), and drawing as before a parallel to b" through the 
point t"', transfer 6^' of Jip. 4o2. to and drawing t' h", the angle t''b"F is that 

required. 

1210. As the bases of this prism are parallel, these faces necessarily form the same angles 
with the superior base. 

1211. An acquaimance with the angles of planes is of the greatest utility in the preparar 
lion of stone, as will be seen in chap, iii., and a thorough acquaintance with it will well repay 
tlie architectural student for the labour he may bestow on the subject. 


Sect. VI. 

MENSURATION. 

1212. The area of a plane figure is the measure of its surface or of the space contained 
within its extremities or boundaries, without regard to thickness. This area, or the content 
of the plane figure, is estimated by the number of small squares it contains, the sides of 
each whereof may be an inch, a foot, a yard, or any other fixed quantity. Hence the area 
is said to consist of so many square inches, feet, yards, &c., as the case may be. 

1213. 'riius if the rectangle to be measured be A BCD (^Jig. 512.), and the small square 
K, whose side we will suppose to be one inch, be the measuring q 
qnit proposed ; then, as often as such small square is contained in 
tlie rectangle, so many square inches are said to be contained in the 
rectangle. Here it will be seen by inspection that the number is 
12; tb^at the side DC or AB, which is 4 times the length of the 
measuring unit, multiplied by the number of times S, which the 
length of the measuring unit is contained in AD or BC, will give 
1 2 for the product. 

121 4. PaoBLKM I. To Jind the area of a parallelogram, whether it 
^ p equare, a rectangle, a rhombus, or a rhomhoid 

f Multiply the len^ by the perpendicular breadth or height, and 
the piXKluct will the area. 



Fig. MS 
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Example 1. Required the area of a parallelogram whose length is 12*25 feet, and 
height 8*5 

12*25 X 8*5 ■*104*125 feet, or 104 feet 1| inches. 

Example 2. Required the content of a piece of land in the form of a rhombus whose 
length is 6'^ chains, and perpendicular height 5*45. 

Recollecting that 10 square chains are eq^ to a square acre, we have, 

6*20 X 5*45«33*79 and 3 *37 9 acres, which are equal to 3 acres, 1 rood, 

20f^ perches. 

Example 3. R^uired the number of square yards in a rhomboid whose length is 37 
f^et, and breadth 5 feet 3 inches ( «5‘25 feet). 

Recollecting that 9 square feet are equal to 1 square yard, then we have 

37 xS -25 = 194 -as, and J^ = 21 -584 yards. 

1215. Problem II. To find tlie area of a triangle. 

Rule 1 . Multiply the bi^e by the perpendicular height, and take half the product for the 
area. Or multiply either of these dimensions by half the other. The truth of tliis 
rule is evident, l^ause all triangles are equal to one half of a parallelogram of equal 
base and altitude. (See Geometry, 904.) 

Example 1. To find the area of a triangle whose base is 625 feet, and its perpendicular 
height 520 feet Here, 

625 X 260 ■■162500 feet, the area of the triangle. 

Rule 2. When two sides and their contained angle are given : multiply the two given 
sides together, and take half their product ; then say, as radius is to the sine of the 
given angle, so is half that product to the area of the triangle. Or multiply that 
half product by the natural sine of the said angle for the area. This rule is founded 
on proofs which will be found in Sect. III., on which it is unnecessary here to say 
more. 

Example. Required tlie area of a triangle whose sides are SO and 40 feet respectively, 
and their contained angles 28° 57'- 
13y natural numbers : — 


First, J X 40 X SO 
Then, 1 ; 600::*4 

By logarithms ; — 

Sin. 28° 57'- 9*68488 
Log. of 600- 2*778151 



28° 57') : 290*4276. 


2*463038 = 290*4276, as above. 


Rule 3. When the three sides are given, take half the sum of the three sides added to- 
gether. Then subtract each side severally from such half sum, by which three re- 
maindeni will be obtained. Multiply such half sum and the^ three remainders 
together, and extlract the square root of the last product, which is the area of the 
triangle. This rule is founded on one of the theorems in Trigonometry to be found 
in the section relating to that subject. 

Example. Required the area of a triangle whose three sides arc 20, .30, and 40. 

20 + 30 + 40 ■■ 90, whose half sum is 45. 

45-20—25, first remainder ; 45 - 30 = 1 5, second remainder ; 45 - 40 - 5, third 
remainder. 

Then, 45 x 25 x 15 x 5 « 84375, whose root is 290*4737, area required. 

1216. Problem III. To find the area of a trapezoid 

Add tvigether the parallel sides, multiply their sum liy the perpendicular breadth or dis- 
tance between them, and half the product is the area. (See Geometry, 932.) 

Example 1. Ilequired the area of a trapexoid whose parallel sides are 750 and 122/^ 

and their vertical distance from eacn other 1 540. 


Example 2. 
figure 




J225 + 750 X 770-1520750, the area. 

juired the area of any quadrangular 
513.) wherein A P is 1 1 0 feet, 
AQ 745 feet, 
AB 1110 feel 
CP 352 feet 
DQ 595 feet. 


D 



Therefore, QB—aB—AQ-*1110-- 740—365, 

Aikl Pa«AB-AP-QB-ni0-n0 -365-1 


Fig. &1S. 
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For PCDQ, 595 + 952 k 6S5 -^2 •• 800572*5 
For the triangle ACP, 176 x 110— 19360 
For the triangle DQB, 108587*5 

Area — 428620*0 feet 

1217. pROBLCM IV. To Jlndthe area of any^trapezium. 

Oiride the trapeaium into two triangles by a diagonal j then find the areas of the two 
triangles, and their turn is the area. 

Observation. If two perpendiculars be let fall on the diagonal from the other two opposite 
^ies, then add these two perpendiculars together, and multiply that sum by the diagonal. 
Half the product is the area of th* trapezium. 

Example.^ Required the area o‘‘a trapezium whose diagonal is 42, and the two [ter* 
pondiculars oc it 16 and 18. 

Here, 16 + 18 -34, whose half- 17} Then, 42 x 17-714, the area. 

1218. Problem V. To find the area of an irregular polygon^ 

DriteW diagonals dividing the proposed polygon into traperia and triangles. T/ien, 
haymg found the areas of all these separately, tlieir sum will be the content re- 
quired of the whole polygon. 

Example. Required the content of the irregular 

figure ABODE FG A (^p. 514.), wherein the I 

following diagonals ahd perpendiculars are 

given. I- 

AC-55, GC=44, Ep=8, \ 

FD-52, Gm-13, GOs^ 12, D9 = 23. \! 

And 55 x9 -495 '' 

55x6-5 -357-5 /I 

44x11-5 = 506 / I 

52x6 -312 / .-r 

52 x 4 - 208 

1 878 -5, area required. ® 

1219. Pkobi.em VI. To find the area of a regular polygon* 

Rule 1. Multiply the perimeter of ti*e n^d||jQn, or sum of its sides, by the perpendicu 
lar drawn from its centre on one J^pMles, and take half 
the product of the area ; which i|il|p4Pesolving the poly- J? 

gon into so many triangles. % ^ 

Example. Required the area of the regular pentagon ABODE 
(/y. 515.), whose side AB or BC, &c. is 25 ft., and 
perpendicular OP 17-2 ft. \ A / 

Here 62 -5— half the perimeter, and 62*5 x 17*2 — 1075 \ / | *N / 

square feet area required. \ / j / 

Rule 2. Square the side of the polygon, and multiply the square ^ ji“ “ Ti 
by the tabular area or multiplier set against its name in the ... 

following table, and the product will be the aiea. This ^ ’ 

rule is founded on the property, that like polygons, being similar figures, are to one 
another as the squares of their like sides. Now the multipliers of the table are 
the respecUve areas of the respective polygons to a side -1 ; whence the rule is 
evident. In the table, the apothem of a regular polygon is the line O P, 


TABLE OF rOLTOONS. 


(See also Glosmrp, s 


N«TOe of Polygon. 


8 Trigon or Equ. Tri 

4 Tetragon 

5 Pentagon 

6 Hexagon 

7 Hepti^on 
I 8 Octagon 

9 Konagon 

10 Decagon 

1 1 Undecagon • 

12 Dodecagon - 


II Length of Length Length of 

Radius. Multiplleri. 


- — ... oiuB. ioi xvaa 

degrs. centre Bad -I Apt -I 


I 30 120 *5000 

[45 90 7071 

! 54 72 *8090 

60 60 *86601 
642 51*25f *9010 
67i 45 *9239 

70 40 *9397 

72 36 *9511 

73/|. 32*43^ *9595 

75 30 *9659 


P732051 

1*414214 

1*175570 

1*OOQOOO 

•867767 

•765367 

*684040 

•618034 

*. 563^5 

•517638 


2*0000 
1*4142 
1^360 
1*1547 1 
1*1(595 1 
1*0823 1 
1*0642 1 
1*0515 V 
1*0422 1- 
1*0352 1* 


*5773503 

*7071068 

•8506508! 

*3065628 

*4619022 

*6180340 

■7747324 

93185171 


0*4330127 
POOOOOOv) 
1*7204774 
2*5980762 
3*6339 124 
4*8234271 
6*1818242 
7*6942088 
9*3656399 
11*1961524 


CHAf. L’ 


MENSURATION, 


Eiample. Required the area of an octagon whose Aide {a SO Siet 

Here 20^w400, and the tabular area 4*8284271 1 
Therefore 4*8284271 x 400 -1 931 *37084 feet, area required. 



1220. Problem VIL To find the diamtUr and dnmmftrtnee of omf/ cfrcZs^ dither from the 
other. ^ 

Rule 1. As 7 is to 22, or as 1 is to .3*141$, so is the diameter to the ciroumferenee. Or 
as 22 is to 7, so is the circumference to the diameter. 

Example. Required the circumference of a circle whose diameter is 9. 


Here 7 : 22::9 : 28|; or, ^^i^aB28|, the circumference required. 
Required the diameter of a circle whose circumference is 36. 

Here 22 : 7 1 : 36 I 1 1 ; or, 1 1 ^l'© diameter required. 


1221. Problem VIII. To find the length of any arc of a circle. 

Rule 1. Multiply the decimal *01745 by the number of degrees in the given arc, and 
that by the radius of the circle ; then the last product will be the length of the arc. 
This rule is founded on the circumference of a circle being 6*2831854 when the 
diameter is 2; or 3*1415927 when the diameter is 1. Tlie length of the whole 
circumference then being divided into 360 degrees, we have .360° ; 6*2831854 

::i° : *01745, 

Example. Required the length of an arc of SO degrees, tlje radius being 9 feet 
Here *01745 x 30 x 9 = 4*7115, the length of the arc. 


Rule 2. From 8 times the chord of half the arc subtract the chord of the whole are, 
and one third of the remainder will be the length of the arc nearly. 

Example. Required the length of an arc DCE (fig. 516.) whose chord DE is 48, 
and versed sine 1 8. 

Here, to find DC, we hate 242 + 18«=576 + 324 « 900, 
and -v/900«80«tDC. 

VVlionce?2i|=^-?^i^-ig=64, the length of the arc 
required. 

1222. Problem IX. To find the area of a circle. 

Rule 1 . Multiply half the circumference by half the diame- 
ter. Or multiply the whole circumference by the whole 
diameter, and take \ of the product. 

Rule 2. Square the diameter, and multiply such square by *7854. 

Rule 3. Square the circumference, and multiply that square by the decimal -07958. 

Example. Required the area of a circle whose diameter is 10, and its circumferenoo 


c 



Fig. AI6. 


31-416. 


By rule 1., ^—^ = 78-54. 

By rule 2., I02 x *7854=100 x *7854 = 78*54. 
By rule 3., 81*416 x 31*416 x *07958=78*54. 


So that by the three rules the area is 78*54. 

1 223. Problem X. To find the area of a circular ring^ or of the space included between 
circumferences of two circles, the one being contained within the other. 

Rule. The differense between the areas of the two circles will be the area of the ring. 
Or, multiply the sum of the diameters by their diderence, and this product again 
by ‘7854, and it will give the area required. 

Example. The diameters of two concentric circles being 10 and 6, required the area 
of the ring contained between their circumferences. 

Here 10 •(•6 = 16, the sum, and 10—6=4, the difference. 

Therefore *7854 x 16 x 4= *7854 x 64=50*2656, the area required. 


1224. Problem XI. To find the area of the sector of a circle. 

Rule 1. Multiply the radius, or half the diameter, by half the arc of the sector fbr the 
area. Or multiply the whole diameter by the whole arc of the sector, and take { 
of the product. Ibis rule is founded on the same basis as that to Problem IX* 
Rule 2. At 860 is to the degrees in the arc of the sector, to is the area of the whole 
circle to the area of the lectoi^ This is manifest, because it is proportional to the 
> length of the arc. 

Example. Required the area d a circular sector whose arc coDtaint 18 d^eet, the 
being 8 fbet. 

By the first rule, 8*1416 k 8 *<^9*4248, the oireumiereBoe. 

860 : 18 : : 9^248 ; *47124, t}ie lengUi of the arc. 

*47124 X S-*-4«>1 *4 1372 4- 4 =*85348^ the ares of the sector 
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By ilie second rde, *7854 x 3® -a? 0688, are* of ^ whole circle, 

860 ; 18 :; 7*0686 : *85343, the area of tlie sector. 

1225. Paoai.BM Xll/ To fnd tJt€ area <if ajuffmcnt cf a circle. 

Rule 1. Find tlie area of the sector haTiny^m same arc with the segment hy the last 
problem. 'rUen find the area of the triangle formed by the chord of the segment 
and the two radii of the sector. Take the sum of these two for the answer when 
the segment is greater than a semicircle, and their difference when less than a 
semicircle. 

Example. Required the area of the segment ACBDA 
(}ip. 517.), Its Chord AB being 12, and the radius AE 
or CE 10. 

As AE : sin. Z D 90® : : AD ; sin. 36® : 52i«36*87 degrees 
in the arc AC. 

Iheir double 73*74 degrees in arc ACB. 

Now, *7854 X 400««3H*16, the area of the whole circle. 

Therefore, 360® I 73*74 ! 1 31 4 *16 I 64*3504, area of the sector 
ACBE. _ 

Again, VAE®-* AD«« 00-36 = ^/64 = 8.= DE. 

Therefore, AD x DE=a6 x 8a»48, the area of the triangle 
AEB. 

Hence the sector ACBE (64*350), less triangle AEB (48) 

■*16*3504, area of segment AC13DA. 

Rule 2. Divide the height of the segment by the diameter, and 6nd the quotient in the 
column of heights in the following table. Take out the corresponding area in the 
next column on the right hand, and multiply it by the square of the circlets diameter 
for the area of the segment This rule is founded on the principle of similar plane 
figures l)eing to one another as the squares of their like lineal dimensions. Tlie 
segments in the table are those of a circle whose diameter is 1. In the first column 
is contained th* versed sines divided by the diameter. Hence the area of the 
similar segment taken from the tabic and multiplied by theaquart of the diameter 
gives the area of the segment to such diameter. When the quotient is not found 
exactly in the Mle, a proportion is used between the next less and greater area. 

Example. As belbM^ let the chord AH be 12, and the radius 10 or diameter 20. 

Having found ns above DEs8: then CE — DEatCDaBlO— 8»2. Hence 
by the rule CDHKCFaB2+20ai *1, the tabular height; this being found in 
the first column bf the tabis, the corresponding tabular area is *040875; 
then *040875 X 20'*— ^**(^10875 X 400 « 16*340, the area nearly the same as 
before. 


AasAs OF THE Segments of a Cieclb whose Diameter, Unitt^ is earrosEO to be 
. ntVlDEP INTO 2000 EQUAL PaRTS. 


Hght. 

Area Seg. 

Hght. 

Area Seg. 

Hght. 

Area Seg 

Hght. 

Area Seg. 

Hght. 

Area Seg. 

Hght. 

Area Seg. 

VOX 

*ex )2 

•003 

*004 

•005 

*oo& 

•OOT 

*008 

•009 

•010 

•Oil 

•012 

*013 

•014 

.015 

•016 

•017 

•018 

*019 

•080 

*021 

•000042 

000118^ 

OOOS19 

■000337 

•000470 

•000618 

•000779 

•000951 

001135 

•001329 

•001533 

•001746 

001968 

•002199 

002488 

002665 

002940 

•003202 

•008471 

•003748 

004081 

•022 

028 

024 

025 
•026 
•027 
•028 
•029 
OSO 

031 

032 
*033 

034 

035 
•086 

037 

038 

039 
•040 
041 
•042 

004822 

O0461fr 

•0Q4921 

•005230 

005546 

•005867 

•006194 

006527 

•006865 

•007209 

007558 

•007913 

008273 

008638 

•009008 

•009383 

O0974f3 

010148 

010537 

010931 

O113S0 

043 

045 

•046 

•047 

•046 

•049 

•050 

051 

•OSfr 

053 

054 

055 
•056 
057, 
0581 
059 
•060 
•061 
062 
063 

011734 

012142 

012554 

012971 

013398 

013818 

•014247 

014681 

015119 

015561 

016007 

016457 

016911 

0|j786a 

017831 

018296 

018766 

•019289 

omi6 

096196 

•020680 

•064 

•065 

•066 

•067 

•068 

•069 

070 

071 
072i 

073 

074 
•075 
076 
•077^ 
078 

<o» 

08Q 

081 

062 

083 

084 i 

•021168 

•021659 

022254 

•022652 

•023154 
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I9S6. PnoBiiBM XIII. To find the area of an eUipeie^ 

Rule. Multiply the longest and shortest <uameter together, and their product by *7854* 
which will give the ai^ required. This rule is founded on Theorem 3. Cor 2. in 
Conic Sections. (1098, 1100.) 

Example. Requir^ the area of an ellipse whose two axes are 70 and 50. 

Here 70 x 50 x *7854 2748 *9. 

1227. Probleii XIV. To find Hu area of any dlij^c segment. 

Rule. Find the area of a circular segment having the same height and the same 
vertical axis or diameter ; then, as the said vertical axis is to the other axis (parallel 
to tlie base of the segment), so is the area of the circular segment first found to the 
area of the elliptic segment sought This rule is founded on the theorem alluded 
to in the previous problem. Or, divide the height of the segment by the vertical 
axis of the ellipse ; and find in the table of circular segments appended to Prob. 1 2. 
(1224.) the circular segment which has the above quotient for its versed sine ; then 
multiply together this segment and the two axes of the ellipse for the area. 

Example. Required the area of an elliptic segment whose height is 20, the vertical 
axis being 70, and the parallel axis 50, 

Here 204-70= *2857142, the quotient or versed sine to which in the 
table answers the segment *265714. 

Tlien *285714 x 70 x 50 = 648*342, the area required. 

1228. Problem XV, To find the area of a parabola or its segment. 

Rule. Multiply the -base by the perpendicular height, and take two thirds of the pro- 
duct for the area. This rule is founded on the properties of the curve already 
described in conic sections, by which it is known that every parabola is } of its 
circumscribing parallelogram. (See 1097.) 

Example. Required the area of a parabola whose height is 2 and its base 12. 

Here 2 x 12 = 24, and J of 24=16 is the area required. 


MENSURATION OF SOLIDS. 


1229. The measure of every solid body is the capacity or content of that body, con- 
sidered under the threefold dimensions of length, breadth, and thickness, and the measure 
of a solid is called its solidity, capacity, or content. Solids are measured by units which 
are cubes, whose sides are inches, feet, yards, &c. Whence the solidity of a body is 
■aid to be of so many cubic inches, feet, yards, &c. as will occupy its capacity or space, 
or another of equal magnitude. 

1230. The smallest solid measure in use with the architect is the cubic inch, from which 
other cubes are taken by cubing the linear proportions, thus, 

1728 cubic inches = 1 cubic foot ; 

27 cubic feet=l cubic yard. 

1231. Problem I. To find the superficies of a prism. 

Multiply the perimeter of one end of the prism by its height, and the product will be the 
surface of its sides. To this, if wanted, add the area of the two ends of the prism. 
Or, compute the areas of the sides and ends separately, and add them together. 

Example 1. Required the surface of a cube whose sides are 20 feet. 

Here we have six sides ; therefore 20 x 20 x 6 = 2400 feet, the area required. 

Example 2. Required the surface of a triangular prism whose length is 20 feet and 
each side of its end or base 18 inches. 

Here we have, for the area of the base, 

1*5*— *75^ = (2 *25— *5625 ■■) 1*6875® for the perpendicular of triangle of 
base^ 


and a/ 1 *6875 = 1 *299, which multiplied by 1*5 = 1*948 gives the area of 
two bases ; 

then, 3 X 20 X 1 *5 4* 1 *948 = 91 *948 is the area required. 

Example 3. Reouired the convex surface of a round prism or cylinder %hose |eng^ 
is 20 feet and the diameter of whose base is 2 feet. 

Here, 2 x 3*1416 = 6*2832, 


and 3*1416 x 20=125*664, the convex sur&ce reqniiied. , 

1832. Problem II. To find the surface of a pyramid or cone. 

Rule. Multiply the perimeter of the base by the length of the slant side, and haff the 
product wW be the surface of the sides or the sum of the aoeas of all the aiiiies, or 
of the areas of the triangles whereof it consists. To this sUA ad^tha area of ^ 
end or base. ^ 

Example 1. Required the surface of the slant sides of a triangular pyramid whte 
aUmt height is 20 feet and each side of the base 3 feet 

Here, 20 x 3 (the perimeter) x d-r8 = 90 feet, the eartsce requtiad* . " ^ 
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ExAmple 2. Eequired the convex nirface of » cone or circular pjrramid whose slant 
height is 50 ftet and the diameter of its base 8| teet* 

Here, 8*5 x 3*1416 x 50 -4-2 *=6 67 *5, the convex surfiice required. 

1233. Problem III. Tojiwi the awrface of the frustum of a pyramid or cone, heiny the lower 
part where the top is cut off by a plane parallel to the base. 

Rule. Add tc^ther the perimeters of the two ends and multiply their sum by the slant 
height. One half of the product is the surface sought. 'Ihis Is manifest, because 
the sides of the solid are trapezoids, having the opposite sides parallel. 

Example 1. Required the surface of the frustum of a square pyramid whose slant 
height is 10 feet, each side of the base being 3 teet 4 inches and each side of the 
top 2 feet 2 inches. 

Here, 3 feet 4 inches x 4 « 1 3 feet 4 inches, and 2 feet 2 inches x 4 «8 feet 8 inchoe ; 
and 1 3 feet 4 hiches + 8 feet 8 inches = 22. 'fhen 22 2 x 1 0 « 1 1 o feet, the surfiice 
required. * 

Example 2. Required the convex surface of the frustum of a cone whose slant height 
is 1 2J fief t and the circumference of the two ends 6 and 8 *4 feet. 

Here, 6 + 8*4*= 14*4 ; and 14*4 x 1 2*5 -r2sa! 180 + 2 = 90, the convex surface required. 

1234. Problem IV. 2V) fnd the solid content of any prism or cylinder. 

Rule. Find the area of the base according to its figure, and multiply it by the length of 
the prism or cylinder for the solid content. ITiis rule is founded on Prop. 99, 

( Geometry, 980. ). Let the rectangular parallclopipedon be the solid to be measured, 
the small cube P {jig. 51 8.) being the measuring unit, its side being 1 inch, 1 foot, &c. 
Let also the length and breadth of the base A BCD, 
and also let the height AH, be divided into spaces equal 
to the side of the base of the cube P ; for instance, 
here, in the length 3 and in the breadth 2, making 3 
times 2 or 6 squares in the base AC each equal to 
the base of the cube P. It is manifest that the paral- 
lelopipedon will contain the cube P as many times as 
the base AC contains the base of the cube, repeated as 
often as the height AH contains the height of the cube. 

Or, in other words, the contents of a parallelopipcdon 
is found by multiplying the area of the base by the 
altitude of the solid And because all prisms and cylin- 
ders are equal to parallelopipedons of equal bases and 
altitudes, the rule is general for all such solids whatever the figure of their base. 

Example 1 . Required the solid content of a cube whose side is 24 inches. 

Here, 24 x 24 x 24 = 13824 cubic inches. 

Example 2. Required the solidity of a triangular prism whose length b 10 feet and 
the three sides of its triangular end are 3, 4, and 5 feet. 

Here, because (I’rop. 32. Geometry, 907.) 3®-f 4^=5^ it follows that the angle con- 
tained by the sides 3 and 4 is a right angle. Therefore x 10 = 60 cubic feet, 
the content required. 

Example 3. Required the content of a cylinder whose length is 20 feet and its 
diameter 5 feet 6 inches. 

Here, 5*5 x 5*5 x *7854 = 23*75835, area of base; 

and 23*75835 x 20 = 47*5167, content of cylinder required. 

1235. Problem V. To find the content of any pyramid or cone. 

Rule. Find the area of the base and multiply that area by the perpendicular Iieight. 
One third of the product is the content. This rule is founded on Prop. 110 
(Geometry, 931.) 

Example 1. Required the solidity of the square pyramid, the sides of w.iose base are 
30, mid its perpendicular height 25. 

Here, x 25 = 7500, content required. 

Example 2. Required the content of a triangular pyramid whose perpendicular 
height is SO and each side of the base 3. 

J=4*5, half sum of the sides ; 

and 4*5 - 3 • 1 *5, one of the three equal remainders. (See Trigonometry, 1 052. ) 
iHit 4/4*5 K VSs< 1*5 X 1*5 X S0-f>3 =3*8971 17 x 10, or 38*97117, the solidity 

^ requireeb 

Exac|ipl4^« Required the content of a pentagonal pyramid whose height is 12 leot 
imd each side of its base 2 feet. 

Here, 1*7204774 (Ubular area, Prob.6. 1218.) x 4 (square of side) ■»6*88 19096 
area of base; and 6*8819096 x 12=82*5829152. 

STiieii =27*5276384, content required. 
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Euunple 4 Ri^uired fte oottteii of « co*« whose height is lOJ feet wid l^o dream- 
* ference of its base 9 feet 

Here, -07958 (Prob. 9* t22S.) x 8| » 6 *44598 area of base, 

And 3-5 being } of 10 J feet 6*44598 x 3*5^^*56093 is the content required. 

1236. Probl£M VI. To^/ind ^ 9olidit9^*Jitbeffu9him qf a cone or pyramid. 

Add together the areas of the ends and the mean proportional between them. Then 
taking one third of that sum for a mean area and multiplying it by the per- 
pendicular hei^t or leng^ of the frustum, we shall have its content This rule 
depends upon IVop. 110. (Geometry, 991.). 

It may be otherwise expressed when the ends of the frustum are circles or regukt 
polygon.^ In respect of the last square one side of >< each polygon, and also multiply one 
side by the other ; add the three products together, and multiply their sum by the tabular 
area for the polygon. Take one third of the prc^uct for the mean area, which multiply 
by the length, and we have the product required. When the case of the frustum of a cone 
is to be treated, the ends being circles, square the diameter or the circumference at each 
end, and multiply the same two dimensions together. Take the sum of the three pro- 
ducts, and multiply it by the proper tabular number, that is, by *7854, when the diameters 
are used, ^d *07958 when the circumferences are used, and, taking one third of the pro- 
duct, multiply it by the length for the content required. 

£xample 1 . Required the content of the frustum of a pyramid the sides of whose 
greater ends are 15 inches, and those of the lesser enas 6 inches, and its altitude 
24 feet 

Here, *5 x *5 «= *25, area of the lesser end, 

and 1 *25 x 1 *25 = 1 *5625, area of the greater end : 

The mean proportional therefore /v/*25 x 1 *5625 = *625. 

A ‘25+ *025+ 1 5625 2 4375 _ , _ _ 

Again, — 3 sa = -8125, mean area, 

and *8125 x 24 (altitude) = 19*5 feet, content required. 

- Example 2. Required the content of a conic frustum whose altitude is 18 feet, its 
greatest diameter 8, and its least diameter 4. 

Here, 64 (area gr.diain. ) + 1 6 (less, diam.) + (8 x 4) = 1 1 2, sum of the products ; 
and ^ - ^ =527*7888, content required. 

Example 8. Required the content of a pentagonal fi'ustum whose height is 5 feet, 
each side of the base 1 8 inches, and each side of the upper end 6 inches. 

Here, 1 *5^ + 1 *5- + (1 -5 x *5) =2*5625, sum of the products ; 

1.... 1*7204774 (tab. area) X 2 5625 (gum of products) X 5 . . 

but, ^ 1 ^ = 9*31925, content required. 

1237. PnoBLEH VII. To Jind the hurface of a ephtre or any segment of one. 

Rule 1. Multiply the circumfeience of the sphere by its diameter, and the product will 
be tlie surface thereof. This and the rules in the following problems depend on 
Props. 113. and 114, (Geometry, 994, 995.), to which the reader is referred. 

Rule 2. Square the dimneter, and multiply that square by 3141 6 for the surface. 

Rule 3. Square the circumference, then either multiply that square by the decimal 
•318.3, or divide it by 3*141 6 for the surface. 

Remark. Tor the surface of a segment or frustum, multiply the whole circumference 
of the sphere by the height of the part required. 

Example 1 . Required the convex superficies of a sphere wliose diameter is 7 and 
circumference 22. 

Here, 22x7 = 1 54, the superficies required. 

Example 2. Required the superficies of a sphere whose diameter is 24 inches. 

Here, 24 x 24 x 3*1416= 1809*5616 is the superficies required. 

Example 3. Required the convex superficies of a segment of a sphere whose axis Is 
42 inches and the height of the segment 9 inches. 

Here, 1 : 3'1416:;42 ; 131*9472, the circumference of the sphere: 
but 1 31 -9472 X 9 = 1 1 87 *5248, the superficies required. 

Example 4. Required the convex surface of a spherical Bone whose breadth or height 
IS 2 feet and which fonns part of a sphere whose diameter is 1 21 feet. * 

Here, 1 ; 3*1416: : 12*5 ; 39*27, the circumference of the sphere whereof 
the zone is a part ; 

and 39*27 x 2=78*54, the area required. 

1 238. Problem VIII. To find the solidity of a sphere or globe. 

Rule 1. Multiply the surfSice by the diameter, and take one sixth of the product for the 

Rule 2. ^Take the cube of the diameter and mditiply it by the decimal for tbt 

Examp) 3. Required the content of a sphere whose axis U 12, 

Here 1 2 x 1 2 x 1 2 x *5236 = 904 *7808, conteot required, . 
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Rule 1. Brom thrice the diameter of the sphere ictbtract double the height of the 
segment Mid multiply the remainder by the square the height This product 
multiplied by *3236 will give the conteiit 

Rule 2. To thrice the square of the radios add the square of Its height multiply the 
sum thus found by the height, and the product thereof by *6236 <br the content 
Example 1« Requixod the^ solidity of a segment of a sphere' whose^ height is 9, the 
diameter of its base being 20. 

Here, 3 times the square of the radius of the base SOO ; 

* and the square of its height nSl, and SOO + 81 ar S81 ; 

but 381 X 9»S429» whi5i multiplied by •5236ail795*4244, the solidity required. 
Example 2. Required the solidity of a spherical segment whose height is 2 feet and 
the diameter of ^ sphere 8 feet 

Here, 8 x 3— 4*«20, which multiplied by 4 = 80 ; 
and 80 x *5236 ■•41 *888, the solidity required. 

It is manifest that the difference between two segments in which the zone of a sphere is 
included will give the solidity of the zone. That is, where for instance the zone is in- 
cluded in a segment lying above the diameter, first consider the whole as the segment of a 
fphere terminated by the vertex and find its solidity ; from which subtract the upper part 
or segment between the upper surface of the zone and the vertex of the sphere, and the 
difference is the solidity of the zone. 

The general rule to find the solidity of a frustum or zone of a sphere is ; to the sum of 
the squares of the radii of the two ends add one third of the square of their distance, or the 
breadth of the zone, and this sum multiplied by the said breadth, and that product again by 
1 *5708, is the solidity. 


Sect. VII. 

MSCUANICS AND STATICS. 

1240. It b our intention in this section to address ourselves to the consideration of 
mechanics and statics as applicable more immediately to architecture. The former is the 
science of forces, and the ^ects they produce when applied to machines in the motion of 
bodies. The latter is the science of weight, especially when considered in a state of 
equilibrium. 

1241. The centre of motion b a fixed point about which a body moves, tib axb being 
the fixed line about which it moves. 

] 242. The centre of gravity is a certain point, upon which a body being freely suspended, 
such body will rest in any position, 

1243. So that weight and power, when opposed to each Other, signify the body to he 
moved, and the body that moves it, or the patient and agent. The power is the agent which 
moves or endeavours to move the patient or weight, whilst by the word equilibrium is 
meant an equality of action or force between two or more powers or weights acting against 
each other, and which by destroying each other’s effects cause it to remain at lest. 


FARALLELOailAM OF rOROES. 

1244. If a body D suspended by a thread is drawn out of its vertic^ diiection by 
an horizontal thread DE 519.), such power neither increases nor diminishes the effort 
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of the weight of the body; but it maybe easily imagined that the first thread, by being in 
fho direction A D, will, besides the weight itself, have to sustain the effort of the power 
that draws it out of the vertical AB. 

1 245. If the direction of the horizontal force be prolonged till it meets the vertical, 
which would be in the first thread if it were not drawn away by the second, we shall have 
triangle ADB, whose sides will express the proportion of the weight to the forces of the 
two threads in the case of equilibrium being established ; that is, supposing AB to express 
the weight, AD will express the effort of the thread attached to the point A, and BD that 
of the horizontal power which pulls the body away from the vertical AB. 

1246. These different forcts may also be found by transferring to the vertical DH 
(^y.5l9.)any length of line DF to represent the weight of the body. If from the point F 
the parallels FI, FG be drawn in the direction of the tlireads, their forces will be indicated 
by the lines ID, DG, so that the three sides of the triangle DGF, similar to the triangle 
ADB, will express the proportion of the weight to the two forces applied to the threads. 

1247. Suppose the weight to be 30 Ihs. : if from a scale of equal parts we set up 30 
of those parts from D to F (fig. 519.), we shall find DG equal to 21, or the pounds of 
force of the horizontal line DE, and 35 for the oblique power ID. 

1248. If the weight, instead of 30 lbs., were 100, we should find the value of the 

forces DG and ID by the proportions of 30 : 21 : : 100 : ar, where x expresses the force DG. 
The value resulting from this proportion is .r = 70. The second proportion 

30 : 35 : : 1 00 : y ,where y represents the effort I D, whose value will be y - — = 1 1 6 *6 66. 

1249. If the angle ADH formed by AD and DH be known, the same results may be 
obtained by taking DF for the radius, in which case IF=DG becomes the tangent, in this 
instance, of 35 degrees, and ID the secant ; whence 

DF : DI : IF:: radius : tang. 35 : sec. 35. 

If ID be taken for the radius, we have 

ID : IF : FD:: radius : tang. 35 : sin. .35. 

1250. We have here to observe, that in conducting the operation above mentioned a 
figure DIFG has been formed, which is called the parallelogram of the forces, because the 
diagonal DF always expresses a compounded force, which will place in equilibrio the two 
others FI, FG, represented by the two contiguous sides IF, FG. 

1251. Instead of two forces which draw, we may suppose two others which act by push- 
ing from E to D (fig. 522.) and from A to D. If we take the vertical DF to express the 
weight, and we draw as before the parallels FG and FI in the e 
direction of the forces, the sides GD and DI of the parallelogram 
DG FI (fig. 519.) will express the forces with which the powers 
act relatively to DF to support the body: thus FI-Gl) the 
weight and two powers which support it will, in case of equi- 
librium, be represented by the three sides of a rectangular tri- 
angle DFI ; so that if the weight be designated by H, the 
power which pushes from G to D by E, and that which acts 
from I to D by P, we shall have the proportion H : E : P : : 

DF : FI : ID, wherein, if we take DF for radius, it will be 
as radius is to the tangent of the angle FDI and to its secant. 

As a body in suspension is drawn away from the vertical line in which it hangs by a power 
higher than the body (fig* 520.), it follows that the oblique forces AB and BC each 
support, independent of any latei^ efforts, a part of the weight of the body. In order to 
find the proportion of these parts to the total weight, take any distance BD on a vertical 
raised from the centre of the body B to express the weight, and complete the parallelo- 
gram DEBF, whose sides EB, BF will express the oblique forces of the powers A and 
C. These lines, being considered as the diagonals of the rectangular parallelograms LEIB, 
BHFM, may each be resolved into two forces, whereof one of them, vertical, sustains the 
body, and the other, horizontal, draws it away from the verticals AO, CQ,, Hence IB will 
express the vertical force, or that part of the weight sustained by the power EB, and HB 
that sustained by the other power BF: as these two forces act in the same direction, 
when added together their sum will represent the weight DB, In short, IB being 
equal to HD, it follows tliat BH + BI = BI + ID. 

1252. As to the horizontal forces indicated by the lines LB and BM, os they are equal 
and opposite they destroy one another. 

1253. It follows, from what has been smd, that all oblique forces ma^ be resolved into 
two others, one of which shall be vertical and the other horizontal, by takmg their direction 
for the diagonal of a rectangular parallelogram. 

1 254. In respect of their ratio and value, those may be easily found by means of a scale 
if the diagram be drawn with ^curacy; or by trigonometry, if we anow the angles 
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ABD, DBC, which AB and BC form with the vertical BD, by taking succeaitvely tut 
radius the diagonals BD, BE, and BF. 

1255. In the accompany inR diagram, the weight, instead of being suspended by stringi 
acting by tension, is sustained by forces which are supposed to 
act by pushing. But as this arrangement makes no alteration 
in the system of forces, we may apply to this figure all that has 
been said with respect to the preceding one. The only differ- 
ence is, that the parallelogram of the forces is below the 
weight instead of being above it. Thus lD+lBs=BD ex- 
presses the sum of the vertical forces which support the weight, 
and MB and BL the horizontal forces which counteract each 
other. 

1 256. In the two preceding figures the direction of the forces 
which act by tension or compression in supporting the weight 
^urm an acute angle. In those represented in 521. and the 
Sgure at the side (524.), these directions make an obtuse angle; 
whence it follows that in Jig. 521. the force C which draws the weight out of the vertical 
A L, instead of tending to support the weight B, increases its 
effect by its tendency to act in the same direction. In order to 
ascertain the amount of this effect upon BD in Jigs. 521. and 
524 ., which represents the vertical action of the weight, describe 
tile parallelogram BADF, for the purpose of determining the 
oblique forces BA, BK, and then take these sides for the diago* 
uals of the two rectangles LAIB, BHFM, whose sides BI, BlI 
will express the vertical forces, and LB, BM the horizontal 
ones. 

1257. It must be observed that in Jig. 521. the force AB 
acting upwards renders its vertical effect greater than the weight 
of a quantity ID, which serves as a compensation to the part 
BH, tliat tlie other force BF adds to the weight by drawing 
downwards. Similarly, the vertical effect of the force BE (Jig. 

524.) exceeds the expression BD of the weight by a quantity DI, 
to counterpoise the effect BH of the other power BF, which acts downwards; so that in 
both cases we have BD only for the vertical effect of the weight. As to the horizontal 
effects LB and BM, they being equal and in oppo- 
site directijiis in both figures, of course counteract 
each other. 

1258. For the same reason that a force can be re- 
solved into two others, those two others may be re- 
solved into one, by making that one the diagonal of a 
parallelogram whose forces are represented by two 
contiguous sides. It is clear, then, that whatever 
the number of forces which affect any point, they 
may be reduced into a single one. It is only neces- 
sary to discover the results of the forces two by two 
and to combine these results similarly two by two, 
till we come to the principal ones, which may be ul- 
timately reduced to one, as we have seen above. By 
such a process we shall find that PY (Jig. 525.) is 
the result of the forces PA, PB, PC, PD, which 
affect the point P. 

1259. This method of resolving forces is often of great utility in the science of building, 
for the purpose of providing a force to resist several others acting in different directions but 
meeting in one point. 
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or THE PROrsaTIES OF THE LEVER. 

1260. The lever is an inflexible rod, bar, or beam serving to raise weights, whilst it is 
supported at a point by a fulcnm^ or prop, which is the centre of motion. To render the 
demonstrations relative to it easier and simpler, it is supposed to be void of gravity or 
weight. The different positions in which the power applied to it, and the weight to be 
affected, may be applied in respect of the fulcrum, have given rise to the distinction of 
three sorts of levers. 

I. lliat represented in Jig. 526., in which the fulcrum O is between the power applied 
P and the weight Q. 

II. That represented in Jig 527., in which the weight Q is placed between the fulcrum 




III. That represented in^^. 528., wherein the power P is placed between the weight 
and the fulcrum, in which case the power and the weight act in contrary directions 

1261. In considering tlie fulcrum of these three sorts of levers, we must notice, os a 
third species of power introduced for creating an equilibrium between tlie others, Jst, 
That in which the directions of the 

weight and of the powers concur ? 

in the point R {jig* 529.). 2d, \ 

Tliat in which they are parallel. ^ ^ 

1262. In the first case, if from n V 

the point R {jigs. 529. and 530.) /|\ 

we draw parallel to these directions i ^ 

Om Rn, the ratio of these three »»/ j / \d 

forces, that is, the power, the weight, ' \ " Y 

and the fulcrum, will be as the three / 

sides of the triangle OmR, or its / \ 

equal ()«R; thus we shall have P / 

: Q ! RltmR : Rn : OR ; and as 

the sides of a triangle are as the ^ p 

sines of their opposite angles, by Fig.&S9. Fig. srso. 

taking OR as the radius we shall have 

P : Q,::sin. ORn .* sin. ORm. 

And if from the point 0 two perpendiculars be let fall, Ot/0/, on the directions RQ, RP, 
Sin. ORn : sin. ORm : : Od : O/; 
from which two proportions we obtain 

P : Q: : Od : O/; whence P x Of— Q x Od. 

Tliis last expression gives equal products, which are called the momentay momentSy or quan- 
tities of motion of the force in respect of the fulcrum O. This property is the same for tho 
straight es for the angular levers {figs. 529. and 530.). As this proportion exists, however 
large the angles mRO and ORn of the directions RQ, RP in respect to RO, it follows that 
when it becomes nothing, these directions become parallel without the proportion being 
changed ; whence is derived the following general theorem, found in all works on mechanics ; 
— If two forces applied to a straiyht or angular lever are in equiUhriOy they are in an inverse 
ratio to the perpendiculars let fall from the fulcrum on their lines of direction : or in other words, 
Jn order that two forces applied to a straight or angular lever may be in equilibrio, their momenta 
in respect of the fulcrum must be equal. 

1 263. Since, in order to place the lever in equiHbrio, it is sufficient to obtain equal mo- 

menta, it follows that if we could go on increasing or diminishing the force, we might place 
it at any distance we please from the fulcrum, or load it without destroying the equilibrium. 
This results from the formula PxO/=Q,xOd, ^ 

whence we have Of = Hence the distance Of 

is easily found, to which by applying the known force ^ ® 

P, it may counterpoise the weight Q applied at the 
distance Od. In respect of the other points, we have 
only to know the perpendiculars G^and Od, for Oa and 
0^, which are the arms of the real levers, are deduced 
from the triangles Ofhy Oda, to which they belong. 

1264. Suppose two levers {jigs* 531, 532.), whereof 

A B c n E ® 
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one b straight and the other angular, and that the weight Q is 100 pounds, the ann DE of 
tlie lever 6 feet ; ite momentum will be 600, Then if we wish to ascertain at what distance 
Of a weight of 60 pounds must be placed so that it may be in equilibrio with the first, we 
shall have 

(y* sa 10 feet, the distance sought. 

1265, Reciprocally, to find the effect of a force P placed at the point C of the other arm 
of the lever at a known distance from the fulcrum, and marked Of, in order to counter- 
poise 0, placed at the distance Of we have the formula P = ; and if we apply this 

formula to the numbers taken in the preceding example, the question will be, to find a 
force which placed at the dbitance of 10 feet from the fulcrum may be in equilibrio with a 
weight of 100 pounds at the end of the arm of a lever of 6 feet We must in using the 
formula divide 600 by 10, and the quotient 60 will indicate the effect with which the force 
ought to act If, instead of placing it in C, it is at B, 1 2 feet from the fulcrum, the force 
would be which gives 50 ; and lastly, if we have to place it at a point 15 feet from the 
fulcrum, the force would be ^«40. 'fhus, in changing the situation of the force to a 
point more or less distant from the fulcrum, we must divide the momentum of the weight 
which is to be supported by the distance from the fulcrum taken perpendicularly to its 
direction. 


OF THE CENTRE OF GRAVITY. 

1 266. The centre of gravity of a body is a certain point within it on which the body, if 
freely suspended, will rest in any position ; whilst in other positions it will descend to the 
lowest place to which it can get. Not only do whole bodies tend by their weight to assume a 
vertical direction, but also all the parts whereof they consist ; so that if we suspend any body, 
whatever be its form, by means of a string, it will assume such a position that the thread 
produced to the internal part of the body will form an axis round which all the parts will 
remain in equilibrium. Every time that the point of suspension of a body is changed, the 
direction of the thread produced exhibits a new axis of equilibrium. But it is to be re- 
marked, that all these axes intersect each other in the same point situate in the centre of the 
mass of the body, supposing it composed of homogeneous parts but sometimes out of the 
mass of the body, as in the case of bodies much curved, this point is the centre of gravity. 

1267. It is therefore ea.sy to perceive that for a body to be in a state of rest its centre of 
gravity must be supported by a vertical force equal to the resultant of all the forces that 
affect it, but acting in a contrary direction. So 'mjigs, 5‘20. and 523., the weight supported 
by the forces AB and BC which draw or push, will be equally supported by a vertical 
force represented by the diagonal DB of the parallelogram which expresses the resultant of 
the forces. 

1 268. An acquaintance with the method of finding centres of gravity is indispensable in 
estimating the resistances, strains, and degree of stability of any jiart of an edifice. There 
arise cases in which we may cast aside all consideration of the form of a body, especially 
too when it acts by weight, and suppose the whole figure collected in the centre of gravity. 
We may also, for the sake of simplifying operations, substitute a force for a weight. 


OF THE CENTRE OF GRAVITY OF LINES. 


1269. A straight line may be conceived to be composed of an infinite number of poims 
equally heavy, ranged in the same direction. After this definition, it is evident that if it 
be suspended by the middle, the two parts, being composed of the same number of equal 
points placed at equal distances from the point of suspension, will be necessarily in equi- 
librium ; whence it follows that the centre of gravity of a right line is in the middle of its 


length. 

1270. The points in a curve line not being in the same direction, the centre of its volume 

cannot be the same as its centre of gravity ; that is to say, that a curve suspended by the 
middle cannot be supported in equilibrio but in two opposite situations; one when the 
branches of the curve are downwards, and the other when ^ ^ . 

they are upwards, so that the curve may be in a vertical ^ 

plane. ^ 

1271. If the curve is the arc of a circle ADB (fff. 533, ), 

it is easy to see that from the uniformity of its curvature, its 
centre of gravity will be found in the right line DC drawn 
from the centre C to the middle D ; moreover, if we draw 
tlie chord AB, the centre of gravity will be found between Fig. 433 , 

the points D and E. „ , , u a 

1272. Let us suppose that through all the points of the lirie DE parallels to the chord 
AB be drawn, terminated on each side by the curve ; and let us imagine that each of these 
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linet at its elttremities bears corresponding points of the curve ; then the line D£ will he 
loaded with all these weights ; and as the portions of the curve which answer to each 
pacidlel AB go on increasing as they approach D, the centre of gravity G will be nearer 
the point D than to the point £. 

1273. To detennine the position of this point upon the radius CD which divides the arc 

into two equal parts, we must use the following proportion ; the length of the arc ABD is to 
the chord AB, as the radius CD is to the fourth term x, whose value is • That is, 

in order to obtain upon the radius DC the distance CG of tlie centre of gravity from 
tlie centre of the arc of the circle, the chord A B must be multiplied by the radius CD aud 
divided by the length of the arc ABD. 

1274. When the circumference of the circle is entire, the axes of equilibrium being 
diameters, it is manifest that their intersection gives the centre of the curve as the centre of 
gravity. It is the same with all entire and symmetrical curves which have a centre, and 
with all combinations of right lines which form regular and symmetrical polygons. 
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OP THE CENTRE OF GRAVITY OF SURFACES. 

1 275. In order that a centre of gravity may be assigned to a surface, we must, as in the 
case of lines, imagine them to be material, that is, consisting of solid, homogeneous, and 
heavy particles. 

1276. In all plane smooth surfaces, the centre of gra- 
, vity is the same as that of the volume 

of space ; thus the centre of gravity 
G 534, 535, 536.), of a square 

of a rectangle, or of a parallelogram, 
is determined by the intersections of 
its diagonals AD, BC. 

The centre of gravity of a regu- 
lar polygon, composed of an equal 
Ftg. 534. unequal number of sides, is the 

same as that of a circle within which it may be in- 
scribed. 

1277. In order to find the centre of gravity of any 
triangle, bisect each of the sides, and from the points 
of bisection draw lines to the opposite angles ; the 
point of intersection with each other of these lines will 
be the centre of gravity sought ; for in the supposi- 
tion that the surface of the triangle is composed of lines parallel to its sides, the lines AE, 
BF, and CD 537.) will be the axes of equilibrium, whose intersection at G gives 
the centre of gravity. 

We shall moreover find n 

that this point is at one 
third of the distance from 
the base of each of the 
axes ; so that, in^ fret, it is 
only necessary to draw a 
line from the point of hi- . 
section of one of the sides 
to the opposite angle, and 
to divide it into three 
equal parts, whereof that 
nearest the base determines 
the centre of gravity of 
the triangle. 

1278. To find the centre of gravity of any irregular rectilinear surface, ruch as the 
pentagon, 538. , let it be divided into the three triangles, A ED, ABC, ADC 588.), 
and by the preceding rule determine their centres of gravity F, G, H. Then draw the 
two lines NO, OP, which form a right angle surrounding the polygon. Multiply the 
area of each triangle by the distance of its centre of gravity on the line ON, indicated by 
P/) Gy, and divide the sum of these products by the entire area of the pentagon, and 
this will give a mean distance through which an indefinite line IK parallel to ON is to be 
drawn. Conducting a similar operation in respect of the line OP, we obtain a new mean 
distance for drawing another line LQ parallel to OP, which will intersect the first in tlie 
point M, the centre of gravity of the pentagon. 

^e centre of gravity of a sector of a circle AEBC (/fy. 539.) must be upon the radius 
CE which divides the arc into two equal parts. To determine from the centre C, at 
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wtiat distance the point G is to be placed, we must multiply twice the radius C£ by the 
chord AB, and divide the product by thrice the length of the arc AEB. The quotient 
is the distance CG from the centre C of the circle of the centre of gravity of the sectoh' 

1 279. To find the centre of ^ 

gravity of the crown portion of 

an arch DAEBF {Jig. 540.) e 

I omprised between two concen- 
trie axes, we must — 

1. Find the centre of gravity A 
of the greater sector AEBC, 
and that of the smaller one 

DFG. c (5 

2. Multiply the area of each Fi«. 533 . FMi.sio, 

of these sectors by the distance 

of their respective centres of gravity from the common centre C. 

3. Subtract the smaller product from the greater, and divide the remainder by the area 
of DAEBF; the quotient will give the distance of the centre of gravity G from ths 
centre C. 

1 280. To determine the centre of gravity of the segment AEB; subtract the product ol 
the area of the triangle ABC (Jig. 541.) multiplied by the distance of its centre of gravity 
from the centre C, from the product of the area of the sector, 

by the distance of its centre of gravity from the same point C, e 

and divide the remainder by the. area AEB ; the quotient ex- 
presses the distance of the centre of gravity G of the segment 

from tlie centre C, which is to be set out on the radius, and ^ b 

which divides the segment into two equal parts. 

It would, from want- of space, be inconvenient to give the strict 
demonstrations of the above rules ; nor, indeed, is it absolutely mi. 

necessary for the architectural student. Those who wish to 

pursue the subject au fondt will, of course, consult more abstruse works on the matter. 
We will merely observe, that whatever the figure whose centre of gravity is sought, it 
«s only necessary to divide it into triangles, sectors, or segments, and proceed as above 
described for the pentagon,./?^. 5S8. 


OF THE centre OF GRAVITY OF SOLIDS. 

1281. It is supposed in the following considerations, that solids are composed of homo- 
geneous particles whose weight in every part is uniform. They are here arranged under 
two heads, regular and irregular. 

1282. Regular solids are considered as composed of elements of the same figure as their 
base, placed one upon the other, so that all their centres of gravity are in a vertical line, 
which we shall call the right axis. Thus paralielopipeds, prisms, cylinders, pyramids, 
cones, conoids, spheres, and spheroids have a right axis, whereon their centre of gravity is 
found. 

1283. In paralielopipeds, prisms, cylinders, spheres, spheroids, the centre of gravity is 
in the middle of the right axis, because of the similarity and symmetry of their parts 
equally distant from that point. 

1284. In pyramids and cones (Jigs. 542, 543,), which diminish gradually from the base 
to the apex, the centre of gravity is at 
the distance of one fourth of the axis 
from the base. 

1 285. In paraboloids, which diminish 
less on account of their curvature, the 
centre of gravity is at the height of one 
third the axis above the base. 

To find the centre of a pyramid or of 
A truncated cone (Jigs. 542, 543.), we 
must first multiply the cube of the entire 
cone or pyramid by the distance of its 
centre of gravity from the vertex. 2. 

Subtract from this product that of the 
part MSR which is cut off, by the dis- 
tance of its centre of gravity from the 
apex. 8. Divide this remainder by the 
cube of the truncated pyramid or cone ; ^ 

the quotient will be the distance of the centre of gravity G of the part of the truncated 
tone or pyramid from its apex. 
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laSB. The centre of gravity of a hemisphere is at the distance of three eighths of the 
raflitis firom the centre. 

1287. The centre of gravity of the segment of a sphere (fy, 544.) 
is found by the following proportion : as thrice the radius less the 
thickness of the segment is to the diameter less three quarters the 
thickness of the segment, so is that thickness to a fourth term which 
expresses the distance from the vertex to the centre of gravity, set off 
on the radius which serves as the axis. 

1288. Thus, making the radius, ess the thickness of the 
segment, and x= the distance sought, we have, according to La 
Caille, — 

Sr— « : 2r— : jr, whence 

Suppose the radius to be 7 feet, the thickness of the segment 3 feet, we shall have — • 

^ — gives ar = l +}J = 1 + .55, equal the distance 

of the centre of gravity fromits vertex on the radius. 

1289. To find the centre of gravity of the zone of a sphere (Jiff. 545.), the same sort of 
operation is gone through as for truncated cones and pyramids ; that 
is, after having found the centre of gravity of the segment cut off, and 
that in which the zone is comprised, multiply the cube of each by 
the distance of its centre of gravity from the apex A, and subtract- 
ing the smaller from the larger product, divide the remainder by the 
cube of the zone. Thus, supposing, as before, the radius AC = 7, the 
thickness of the zone *=2, and that of the segment cut off =1J, we 
shall find the distance from the vertex of the centre of gravity of 


this last by the formula x = 
4X2x7KU ->3xgl . 


8rf —See 


4(21~U) 
which will 


which in this case gives x — 
we have 
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and pursuing the investigation, 

be tlie distance of the centre of gravity from the vertex A. That of the centre 
of gravity of the segment in which the zone is comprised will, according to the same for- 
mula, be which gives x«=2 + for the distance of the centre of gravity 

from the same point A. 

1290. The methods of finding the solidities of the bodies involved in the above inves« 
tigation arc to be found in the preceding section, on Mensuration, 



or THE CENTRE OF GRAVITY OF IRREGULAR SOLIDS. 

1291. As all species of solids, whatever their form, are susceptible of division into 
pyramids, as we have seen in the preceding observations, it follows that their centres ol 
gravity may be found by following out the instruc- 
tions already given. Instead of two lines at right 
angles to each other, let us suppose two vertical 
planes N A C, CE F (^y. 546. ), between which the solid 
G is placed. Carrying to each of those planes the 
momenta of their pyramids, that is, the products of 
their solidity, and the distances of their centres of 
gravity, divide the sum of these products for each 
plane by the whole solidity of the body, the quotient 
will express the distance of two other planes BKL, 

DHM, parallel to those first named. Their inter- 
section will give a line IP, or an axis of equilibrium, 
upon which the centre of gravity of the solid will 
be found. To determine the point G, imagine a third plane NOF perpendicular to the pre» 
ceding ones, that is, horizontal ; upon which let the solid be supposed to stand. In respect 
of this plane let the momenta of the pyramids be 
found by also multiplying their solidity by the dis- 
tance of their centres of gravity. Lastly, dividing 
the sum of these products by the solidity of the en- 
tire body, the quotient gives on the axis the dis- 
tance PG of this third plane from the centre of 
gravity of the irregular solid. 

Mechanically, where two of the surfaces of a body 
are parallel, the mode of finding the centre of gravity 
is simple. Thus, if the body be hung up by any 
point A 547, 548.), and a plumb line AB 
tuspepded from the same point, it will pass through 541^ 


Fig. MS. 
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the centre of gravity, because that centre is not in the lowest point till it fall in tlie plumb 
line. A^rk the line AB^ upon it ; then hang the body up by any other point D, with a 
plumb line DE, which will also pass through the centre of gravity, for the same reason as 
before. Therefore the centre of gravity will be at C, where the lines cross each other. 

1292. We have, perhaps, pursued this subject a little further than its practical utility in 
architecture renders necessary ; but cases may occur in which the student will find our ex- 
tended observations of service. 


OP THE INCLINED PLANE. 

1293. That a solid may remain in a perfect state of rest, the plane on which it stands 
must be perpendicular to the direction of its gravity ; that is, level or horizontal, and the ver- 
tical let fall from its centre of gravity must not fall out of its base. 

1 294. When the plane is not horizontal, solids placed on it tend to slide down or to 
overturn. 

1295. As the sur&ces of bodies are more or less rough, when the direction of the centre 
of gravity does not fall without their base, they slide down a plane in proportion to their 
roughness and the plane’s inclination. 

1 296. ITius a cube of hard freestone, whose surfaces are nicely wrought, does not slide 
down a plane whose inclination is less than thirty degrees ; and with polished marbles the 
inclination is not more than fifteen degrees. 

1297. When a solid is placed on an inclined plane, if the direction of the centre of 
gravity falls without its base, it overturns if its surfaces are right surfaces, and if its surface 
is convex it rolls down the plane. 

1 298. A body with plane surfaces may remain at rest after having once overturned if the 
surface upon which it falls is sufficiently extended to prevent its centre of gravity falling 
within the base, and the inclination be not so great as to allow of its sliding on. 

1 299. Solids whose surfaces are curved can only stand upon a perfectly horizontal plane, 
because one of the species, as the sphere, rests only on a point, and the other, as cylinders 
and cones, upon a line ; so that for their continuing at rest, it is necessary that the vertical 
let fall from their centre of gravity should pass through the point of contact with and be 
perpendicular to the plane. Hence, the moment the plane ceases to be horizontal the 
direction of the centre of gravity falls out of the point or line of contact which serves as the 
base of the solid, and the body will begin to roll ; and when the plane on which they thus 
roll is of any extent they roll with an accelerated velocity, equal to that which they would 
acquire in falling directly from the vertical height of the inclined plane from the point 
whence they first began to roll. 

1300. To find the force which is necessary to support a convex body upon an inclined 
plane, we must consider the point of contact F 549, 550.) as the fulcrum of an an- 




Pig. rif . 6W, 

ffular lever, whose arms are expressed by the perpendiculars drawn from the fulcrum to the 
direction of the force CP and the weight CD, which in the case 549., where the force 
which draws tlie body is parallel to the plane, 

p : N::FC : FD. 

Now as the rectangular triangle CFD is always similar to the triangle OSH, which forma 
the plane inclined by the vertical SO and the horizontal line OH, the proportion will stand 
as follows : 

P; N::OS: SH. 

In tne first case, to obtain an equilibrium, Ms Jarce mutt be to tAe wright ef the body an the 
height OS of the inclined fdane to its length SH. » 

1301. In the case where the force is hori»ntal (Jig. 550.) we have, similarly,— 

p; N::FA: fd, 
and p: N::OS: OH. 

In this last case, then, the force must be to the weight of Hu soiid in prqport/o» to the height 
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OT <2f ihe indiutd fiane to its Bate OH. In the first case the presrure of the solid on the 
pline is expressed by OH^ and in the second by SH : hence we have — 

P: N: F::OS: SH ; OH, 
and P ; N : F::OS: SH : OH. 


In the first case it must be observed, that the effect of the force being parallel to the in- 
clined plane, it neither increases nor diminishes the pressure upon t\iat plane ; and this is 
the most fiivourable case for keeping a body in equilibrio on an inclined plane. In the 
second case, the direction forming an acute angle with the plane uselessly augments the 
load or weight. Whilst the direction of the force forms an obtuse aijgle with the in- 
clination of the plane, by sustaining a portion of the weight, it diminishes the load on the 
plane, but requires a greater force. 

1302. The force necessary to sustain upon an inclined plane a body whose base is 
formed by a plane surface depends, as we have already observed, on the roughness of the 
surfaces, as well of the inclined plane as of the base of the body ; and it is only to be dis- 
covered by experiment 

1 303. Of all the means that have been employed to estimate the value of the resistance, 
kt40wn under the name of friction, the simplest, and that which seems to give the truest 
results, is to consider the inclination of the plane upon which a body, the direction of whose 
centre of gravity does not fall out of the base, reidains in equilibrio, as a horizontal plane ; 
after which the degrees of inclination may begin to be reckoned, by which we find that a 
body which does not begin to slide till the plane*s inclination exceeds 30 degrees, being 
placed on an inclined plane of 45, will not require a greater force to sustain it than a 
convex body of the same weight on an inclined plane of 1 5 degrees. 

1304. All that has been said on the force necessary to retain a body upon an inclined plane, 
is applicable to solids supported by two planes, considering that the second acts as a force 
to counterpoise the first, in a direction perpendicular to the second plane. 

1305. When the directions of three forces, PG, QG, GR, meet in the same point G 
(Jip, 551.), it follows, from tlie preceding observations on the parallelogram of forces, that 
to be in equilibrium their proportion will be ex- 
pressed by the three sides of a triangle formed by 
perpendiculars to their directions ; whence it follows, 
that if through the centre of gravity G of a solid, 
supported by two planes or by some other point of 
its vertical direction, lines be drawn perpendicular to 
the directions of the forces, if equilibrium exist, so will 
the following proportion, viz. P : Q ; R.'.'BA : BC 

: AC. 

1306. Lastly, considering that in all sorts of tri- 
angles the sides will between each other be as the sines 
of their opposite angles, we shall have P : Q, : II : : sin. 

BCA : sin. BAC : sin. ABC; and as the angle BCA is 
equal to the angle CAD, and CBA to BAE, we shall have P : Q, : R:: sin. CAD .* 
sin. BAC ; sin. BAE; that is, that the weight is represented by the sine of the angle formed 
by the two inclined planes, and that the pressuies upon each of tliese planes are reci- 
procally proportional to the sines of the angles which they form with tlie iMMdMjL 



A \q 

I 

Pig 551. 


THE WHEFL AND AXI.E. 

1307. The wheel and axle, sometimes called the axis in peritrochio, is a ma- 
chine consisting of a cylinder C and a wheel B (Jip. 552. ) having the same axis, at 
the two extremities of which are pivots on which the wheel 
turns. The power is applied at the circumference of the 
wheel, generally in the direction of a tangent by means of 
a cord wrapped about the cylinder in order to overcome the 
resistance or elevate the weight Here the cord by which the 
power P acts is applied at the circumference of the wheel, while 
that of the weight W is applied round the axle or another 
small wheel attached to the larger, and having the same axis or 
centre C. Tims BA is a lever moveable about the point C, 
the power P always acting at the distance BC, and the weight 
W at the distance C A. llierefore P : W : ; CA : CB. That 
is, the weight and power will be in equilibrio when the power 
P is to th4 weight W reciprocally as the radii of the circles 
wliere they act, or as the radius of the axle CA, where the 
weight hangs, to the radius of the wheel CB, where the power 
acts; or, as before, P : W: : CA : CB. 

1308. If tlie wheel be put in motion, the spaces moved through being as the circum- 
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hrences, or as the radii, the velocity of W vrill he to the velocity of P as C A to CB ; that 
tSf the weight is moved as much slower as it is heavier than the power. Hence, what is 
gained in power is lost in time ; a property common to machines and engines of every class. 

1309. If the power do not act at right angles to the radius CB, but obliquely, draw 
CD perpendicular to the direction of the power, then, from the nature of the lever. 
P:W::CA:CD. 

1310. It is to the mechanical power of the wheel and axle that belong all turning or 
wheel machines of different radii ; thus, in the roller turning on the axis or spindle 
CE {Jiff, 553.) by the handle C13D, the power 
applied at B is to the weight W on the roller, as 
the radius of the roller is to the radius CB of the 
handle. Tlie same rule applies to all cranes, 
capstans, windlasses, &c. ; the power always being j. 
to the weight as is the radius or lever at which 
the weight acts to that at which the power acts; 
so that they are always in the reciprocal ratio 
of their velocities, 'fo the same principle are 
referable the gimlet and auger for boring holes. 

1311. The above observations imply that the 
cords sustaining the weights are of no sensible 
thickness. If they are of considerable thickness, 
or if there be several folds of them over one an- 
other on the roller or barrel, we must measure to the middle of the outermost rope for 
the radius of the roller, or to tlie ladius of the roller must be added half the thickness of the 
cord where there is but one fold. 

1312 The power of tiie wheel and axle possesses considerable advantages in point of 
convenience over the simple lever, A weight can be raised but a little way by a simple 
lever, whereas by the continued turning of the wheel and axle a weight may be raised ti 
any heiglit and from any depth. 

1313. By increasing the number of wliccK, moreover, the power may be increased to any 
extent, making the less always 
turn greater wheels by means 
of what is called tooth and pinion 
work, wherein the teeth of one 
circumference work in the 
rounds or pinions of another to 
turn the wheel. In case, here, 
of an equilibrium, the power is 
to the weight as the continual 
pioduct of the radii of all the 
axles to that of all the wheels. 

So if the power P {Jig. 55^.) 
turn the wheel Q, and tliis turn 
the small wheel or axle R, and 
this turn the wheel S, and this 
turn the axle T, and this turn 
the wheel V, and this turn the 
axle X, which raises the weight 
W; then P : W;:CB. DE . 

FGiAC.BD.EF. And in 
the same proportion is the velocity of W slower than that of P. Thus, if each wheel 
be to its axle as 10 to 1, then P : W::13 : 103, or as 1 to 1000. Hence a power of one 
pound will balance a weight of 1000 pounds; but when put in motion, the power will 
move 1000 times faster than the weight 

1314. We do not think it necessary to give examples of the different machines for raising 
weights used in the construction of buildings ; they are not many, and will be hereailer 
named and described. 

OF THE PULLEY. 

1315. A pulley is a small wheel, usually made of wood or brass, turning about a metal 
axis, and enclosed in a frame, or case, called its blocks which admits of a rope to pass freely 
over the circumference of the pulley, wherein there is usually a concave groove to prevent 
the rope slipping oat of its place. The pulley is said to be fixed or moveable as its block 
is fixed or rises and falls with the weight An assemblage of several pulleys is called a 
system of pulleys, of which some are in a fixed block and the rest in a moveable one. 

^ 316 . If a power sustain a weight by means of a fixed pulley, the power and weight are 
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eqtua. For if through the centre C 555.) of the pulkjr we drew the horhoiitel 
diameter AB; then will AB represent a lerer of the first kind, its 
prop being the fixed centre C, from which the points A and B, where 
the power and weight act, being equally distant, the power P is conse- 
quently equal to the weight W. 

1317. Hence, if the pulley be put in motion, the power P will de- 
scend as fast as the weight W ascends : so that the power is not in- 
creased by the use of the fixed pulley, ev^ though the rope go over 

. several of them. It is, nevertheless, of great service in the raising of 
> Weights, both by changing the direction of the force, for the convenience 
of acting, and by enabling a person to raise a weight to any height 
without moving from his place, and also by permitting a great num- 
ber of persons to exert, at the same time, their force on the rope at P, 
which they could not do to the weight itself, as is evident in raising the 
weight, or monkey^ as it is called, of a pile-driver, also on many other oc- 
casions. 

1318. When a pulley is moveable the power necessary to sustmn a 

weight is equal to the half of such weight. For in this case AB 556.) maybe con- 




sidered as a lever of the second kind, the weight being at C, the power acting 
the prop or fixed point at B. Then, because P; W::CB; AB and CB> 
have P = 1W or Ws=2P. 

1319. From which it is manifest that when the pulley is put in mo- 
tbn the velocity of the power is double that of the weight, inasmuch 
as the point P descends twice as fast as the point C and the weight W 
rises. It is, moreover, evident that the fixed pulley F makes no differ- 
ence in the point P, but merely changes the motion of it in an op- 
posite direction. 

1.320. We may hence ascertain the effect of a combination or system 
of any number of fixed and moveable pulleys, and we sliall thereby find 
that every cord going over a moveable pulley doubles the powers, for 
each end of the rope bears an equal share of the weight, whilst each rope 
fixed to a pulley only increases the power by unity. In fg, 557. 
r - JW, and in Jig. 558., . w 


at A, and 
sAB, we 



OF THE WEDGE. 


Kla.SM. 


1.321. ITie wedge is a body in the form of a half 
rectangular prism, in practice usually of wood or 
metal. AF or BG { fig. 559.) is tlic breadth of 
its back, CE its height, CG, CB Ud sides, and its 
end, GBC, is the terminating surface of two equally 
inclined planes GCE, BCE. 

1322. When a wedge is in equilibrio, the power 
acting on tine back is to the force acting at right 
angles to either side as the breadth of the back 
AB {Jig* 560.) is to the length of the side AC or 
BC. For three fbrees which sustain each other in 
eqfiilibrio are as^ <he corresponding sides of a tri- 
angle drawnperp^idioiiler to the directions in which 
they act But AB^It perpendicular to the force 


A D B 





nr. wo. 



Chaf, h 


MECHANICS AND STATICS. 


MUng on tl.e ^ totlriw the we&e forward, end the aide. AC. BC are perpendiculai 
to the forc« a^lg on t^ the three force, are therefore a. AB. AO. 
force on the bao^ _®*“* ^^ndicularly to AC. and its effect parallel to AB. are as 
the three lines AB, A(X Mid DC. which are perpendicular to them. Hence the thinner 
the wedge the ^eater its effect to split any Iwdy or to overcome a resistance against the 
sides of the wedge. ° 


1323. We ar^ however, to recollect that the resistance or the forces in question are 
relative to one side only of the wedge ; for if those against both sides are to be reckoned, 
we can take only lialf the back AD, or else we must take double the line AC or DC. In 
the wedge the friction is very great, and at least equal to the force to be overcome, inat* 
much as it retains any position to which it is driven, whence the resistance is doubled by 
the friction. But on the other hand, the wedge ‘has considerable advantage over all the 
other powers, because of the force of the blow with which the back is struck, a force vastly 
greater than the dead weight or pressure employed in other machines. On this account if 
IS capable of producing effects vastly superior to those of any other power, such as splitting 
rocks, raising the largest and heaviest bodies by the simple blow of a mallet ; objects which 
could never be accomplislied by any simple pressure whereof in practice application could 
be made. 


OF THE SCREW. 

132-1. The screw is a cord wound in a spiral direction round the periphery of a cylinder, 
and is therefore a species of inclined plane, whose length is to its height as the circumfer- 
ence of the cylinder is to the distance between two consecutive threads of the screw. 
It is one of the six mechanical powers used in pressing or squeezing bodies close, and is 
occasionally used in raising weights. 

1 325. The screw, then, being an inclined plane or half wedge, the force of a power 
applied in turning it round is to the force with which it presses upwards or downwards, 
without estimating friction, as the distance between two threads is to the circumference 
where the power is applied. For considering it as an inclined plane whose height is the 
distance between two threads, and its base the circumference of the screw ; the force in the 
horizontal direction being to that in the vertical one as the lines perpendicular to them, 
namely, as the height of the plane or distance between two threads, is to the base of the 
plane or circumference of the screw j the power, therefore, is to the pressure as the distance 
of two threads is to the circumference. But in the application of the screw a handle or 
lever is used, by means whereof the gain in power is increased in the proportion of the 
radius of the screw to the radius of the power, that is, the length of the handle, or as their 
circumferences. Consequently the power is to the pressure as the distance of the threads 
is to the circumference described by the power. The screw being put in motion, the power 
is then to the weight which would keep, it in equilibrio as the velocity of the latter is to that 
of the former ; and hence their momenta are equal, and produced by multiplying each weight 
or power by its own velocity. 

1326. Thus it is a general property of all the mechanical powers, that the momentum of 
a power is equal to that of the weight which would keep it in equilibrio, or that each of 
them is proportional to its velocity. 

1 327. From the foregoing observations, we may be easily led to compute the force exerted 
by any machine whose action is exerted through the means 
of the screw. In 561., representing a press driven 
by a screw whose threads are each one quarter of an inch 
apart, let it be turned by a handle or lever 4 feet long from 
A to B. Then supposing the natural force of a man, by 
which he can lift, pull, or draw, to be 1 50 pounds, and that 
it be required to ascertain with what force the screw will 
press on the board at D when the man turns with his 
whole force the handle at A and B ; we have AB, the dia- 
meter of the power, 4 feet or 48 inches ; its circumference, 
therefore, 48 x 3*1416, or 150§ nearly ; and the distance of 
the threads being one quarter of an inch, the power to 
the pressure as 1 to 603^. But the power is equal to 450 
pounds ; therefore, as 1 : 603J : : 1 50 : 90480, and the pres- 
sure therefore at D is equal to a weight of 90480 pounds, independent of frietioo. 

1328. In the endless screw AB 562.), turned by a handle AC of 20 inches radius, 
the threads of the screw are at a distance of half an inch ; and the screw luitui a tcxithed 
wheel £ whose pinion L acts in turning upon another wheel F, and the pinion M of this 
last wheel acts upon a third wheel G, to the pinion or barrel whereof is bung the weight W. 
If we would know what weight can be rais^ through the means of ihb' combination by a 
man working the handle C, supposing the diameters of the wheels to 18 inches, and 
those of the pinions and barrel 2 inches, the teeth and pinions heii|g idX'jnmilar in size ; we 
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hare 20 x 3*1416 x 2-b 125*664, the circumference ^ 
the power; and 125*664 to {, or 251*328 to 1, ia 
the force of the iicrew alone. Again, 18 : 2 or 9 : 1» 
being the proportion of the wheeb to the pinions, and 
there being three of tliem, 9^ ; 1 or 729 : 1 is the 
power gained by the wheels. 

1329. Consequently 251 *328 x 729 lo 1, or 18321 8 j 
to 1 nearly, is the ratio of the power to the weight 
arising from the joint advantage of the screw and the 
wheels. The power, however* is 150 pounds; there- 
fore 150 X 183218^ or 2748271 6'pounda is the weight 
the man can sustain, equal to 1 2269 tons. 

1 330. It must be observed, that the power has to 
overcome not only the weight, but at the same time 
the friction undergone by &e screw, which in some 
cases is so great as to hie equal to the weight itself ; 
for it is sometimes sufficient to sustain the weight 
when the power is taken off. 

OF FRICTION. 

1331. Though in a preceding page we have slightly 
touched on the effect of friction, it is to be kept 
in mind that the foregoing observations and rules 
have assumed the mechanical powers to be without 
weight and friction. This is far from the fact ; and, 
however theoretically true all that has hitherto been 
advanced, very great allowances must be made in 
practice when power is applied to mechanical purposes, in which a great portion of their 
effect is lost by friction, inertia, &c. The word friction, properly meaning the act of 
one body rubbing on another, is in mechanics used to denote the degree of retardation or 
obstruction to motion which arises from one surface rubbing against another. A heavy 
body placed upon another is not in a state of equilibrium between all the forces which act 
upon it, otherwise it could be moved by the application of the smallest force in a direction 
parallel to the plane. This want of equilibrium results from unbalanced force occasioned 
by the friction on a level surface. Now if a pew force of equal magnitude be applied to 
counterpoise such unbalanced force, the bod^^lrill obey the smallest impulse in such direc- 
tion, and the force thus employed will eKact]||toeasure the retjprding force of friction. It 
has been well observed, that friction destroys, but never generates motion ; being therein un- 
like gravity or the other forces, which, though they may retard motion in one direction, 
always accelerate it in the opposite. Thus the law of friction violates the law of con- 
tinuity, and cannot be accurately expressed by any geometrical line, nor by any algebraic 
formula. The author (Playfair, Outlints of Natural Philosophy) just quoted, continues : 
“ ITiough friction destroys motion and generates none, it is of essential use in mechanics. 
It is the cause of stability in the structure of machines, and it is necessary to the exertion 
of the force of animals. A nail or screw or a bolt could give no firmness to the parts of a 
machine, or ofhny other stiucture, without friction. Animals could not walk, or exert their 
force anyhow, without the support which it affords. Nothing could have any stability, but 
in the lowest possible situation ; and an arch, which could sustain the greatest load when 
properly distributed, might be thrown down by the weight of a single ounce, if not placed 
with mathematical exactness at the very point which it ought to occupy.” 

1332. Many authors have applied themselves to the subject of friotfoWf but the most satis- 

factory results have attended the investigations of the celebrated Qawlc^nftb in its application 
to practical mechanics ; and it is to that author we are indebted fWJ||i^|rvv following suc- 
cinct observations. ' 

I. In the friction of wood upon wood in the direction of the fibres afrer ^remaining in 
contact for out or two minutes, the following mean results were obtained : — 

X friction in parts of the weight 
X ditto. 

X ditto, 

xditto. 

When oak rubbed upon oak, and the surfoees in contact were reduced to the smafiest poa 

111 ^ 

•ible dimetudoDS, the friction was 


Oak against oak 

1 

2 34 

Oak against fir - 

■ V5b 

Fir against fir - 

1 

• 178 

Elm against elm 

1 

• iTlS' 
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' ISSS. Whan theAieriilln mm taraw the gain, or at right angles to the direction of the 
fibr^ Oftk agfunst oak was The ratios abov^ given are constant quantities, and not 

dep^klent upon the velocities, excepting in the case of elm, when the pressuies are very 
•matl, for tlW the friction is sensibly increased by the veloohy. 

1334* (It.) Friction is found to increase with the time of Oontact. It was ascertained that 
'when wood moved upon wood in the direction of the fibrei, the friction gradually increased, 
.aitd reached its maximum in '8 or 10 seconds. When across the grain of the wood, it took 
a longer time to rmh itf maximum. / 

1335. (III.) For illustration of the friction of metals upon metals after a certain time of 
rest, the subjoined experiidiants were made with two flat rulers of iron, 4 feet long and 2 
mches wide, attached to the fixed plank of the apparatus used for the investigation. Four 
other rulers, two of iron and two of brass, 15 inches long and 18 lines wide, were also used. 
The angles of each of the rulers were rounded off, and the rubbing surf^es ofi^ rulers 
were 45 square inches. 


With iron upon iron and a pressure of 53 lbs., the friction in parts of the pressure was 
— — 458 lbs.. — — 

' With iron upon brass and a pressure of 52 lbs., the friction in parts of the pressure was 4 T 
^ _ 452 M>s., ‘ 

, VI 


1 336. In these experiments each set gives nearly the same result, though the second 
pressuretr ara nearly nine times the first ; from which we learn that, in metals, friction is in- 
dependent of the extent of the rubbing surfaces. Coulomb, moreover, found that the friction 
is independent 4f the velocitiea The ratio of 4 to 1 between the pressure of friction, iu 
the case of iron moving upon brass, is only to be conridered accurate when the surfaces are 
new an4 ver^ large. When they are very small the ratio varies from 4 to 1 to 6 to 1 ; but 
this last ratio is not reached unless the friction has been continued more than an hour, when 
the iron and brass have taken the highest polish whereof they are susceptible, free of all 
scratches. 

1 SS7. IV, In the friction of oak upon oak, when greased with tallow, which was renewed 
at every experiment, some days were required for obtaining, when the surfaces were consi- 
derable, the maxiknum of friction or adhesion. It was nearly similar to that without grease 
sometimes rather greater. For iron or copper with tallow, during rest, the increase is not 
so considerable as with oak. At first the friction was of the weight, besides a small force 
of a pound for every 30 square inches independent of the weight. The friction after some 
time changes to or J. Olive oil alters the condition of the friction to |, and old soft grease 
to about 1. 

1338. V. In the case of friction of bodies, oak upon oak for instance, in motion in the 
direction of its fibres, the friction was nearly constant in all degrees of velocity, though with 
large surfitces it appeared to increase with the velocities ; but when the touching surfaces 
were very small compared with the pressures, the friction diminished or the velocities in- 
creased. For a pressure of 100 to 4000 pounds on a square foot, the friction is about 
besides for each square foot a resistance of IJ pounds, exclusive of pressure increasing a 
little with the velocity, occasioned perhaps by a down on the surface. If th^ surface be 
very small the friction is lessened. When the narrow surface was cross-grained, the fiiction 
was invariably ^ In the case of oak on fir, the friction was ^ ; of fir on fir, { ; of elm on 
elm, ^,but varying according to the extent ofsur&ce ; for iron or copper on wood,^!,, which 
was at first doubled by increasing the velocity to a foot in a second, but on a continuance 
of the operation for some hours it again diminished. For iron on iron, ; on copper, ^ ; 
after long attrition, J in all velocities. Upon the whole, in the case of most machines, } of 
the pressure may be considered a fair estimate of the friction. 

1339. ^ In the experiments to ascert^ the friction of axles, Coulomb used a simple pulley, 
where the friction" of the axis and that of the rigidity of the rope produce a joint resistance. 
With guaiacum moving upon iron, tlie friction was jjlj ^ the weight in all velocities 
exclusive of the rigidity of the rope ; ihe mean was or, with a small weight, a little 
greater. In the cases of axles of iron on copper, or the velocity is small ; the frictioo 
being always somewhat less than for plane furfeces. With grease, the friction was about 

With an axis of green oak or elm, and a pulley of guaiacum, the friction with tallow 

W.IS without, ^ ; with a pulley of elm, the quantities in question became and ^ An 
jixis of box witii a pulley of guaiacum gave ^ and A ; with an elm pulley, A and dp An 
of iron a pulley of guaiacum gave* with tallow, Tlie velocity nad hut small 

A A 
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eSeot on tne rigidity of ropes* except in slightly inorea^g resistance when the pressure 
was small 

1340. The friction and rigidity of ropes was supposed by Amontons and DesaguUers tu 
, as the diameter as the curvature and as the tension. By Coulomb the power of ^e 

diameter expressing the rigidity was found generally to be 1 *7 or 1% never less than 1 
and tliat a constant quantity must be suppose as added to theweight. Wet ropes, if small, 
are more flexible thfui such as are dry, and tarred ones stiffer by about one sixth, and in 
cold weatlier somewhat more. After rest, the stiffliess of ropes increases. A rope of three 
stimids, each having two yarns 12^ lines in circumference, whose weight was 125 grains, 
being bent upon an axis 4 inches in diameter, required a constant force of one pound (.French) 
and of the weight to overcome its rigidity. The same rope tarred, required one fifth 

of a pound and one fiftieth of the weight. When the strands were of fine yams, the cir*- 
cumfeiilrtCe 20 lines, and the weight 347 grains, the rigidity was equal to half a pound and 
of the weight to move it With strands of 10 yarns, and a circumference of 28 lines, 
and a weight of 680 grains to 6 inches, the rigidity of the unthrred rope was 2 lbs. and 
of the waight, and the tarred rope of 3*3 lbs. and of the weight. Experi- 
ments which conflrmed the above were made on a roller moving on a horizontal plane, 
while a rope was coiled completely round it, whence an allowance must be nuide for the 
friction of the roller on the plane, which varies as its weight and inversely as its diameter. 
With a roller of guaiacum or lignum vitie, 3*6 inches in diameter, moving on oak, it was 
of the weight ; for a roller of elm, § more. 

1341. ITiis subject has, we conceive, been pursued as far as is necessary for the architect; 
seeing that his further investigation of it, should necessity arise, may be accomplished by 
reference to the works of Amontons, Bulfinger, Parent, Euler, Bossut, and Coulomb,' 
upon whom we have drawn for the information here given. We shall therefore con* 
elude these remarks by subjoining some of the practical results which experiments on 
animal power afford, extracted from the celebrated Dr. Thomas Young’s Natural Philoao* 
phtft vol. ii. 

1342. In comparing the values of the force of moving powers, it is usual to assume an 
unit, which is considered as the mean effect of the labour of an active man working to the 
greatest advantage ; this on a moderate calculation will be found sufficient to raise 10 lbs. 
to the height of 10 feet in one second for 10 hours in a day ; or 100 lbs. 1 foot in a second, 
that is 36,000 feet in a day, or 3,600,000 lbs. 1 foot in a day. The following exhibits a 
tabular view of tlie immediate force of men, without deduction for friction. Such a day’s 
work is the measuring unit in the third column of the table. 


Opbsativb. 

Force. 

Continuance. 

Day’s Work. 

A man weighing 1 33 lbs. French ascended 62 feet 
French by steps in 34 seconds, but was com- 
pletely exhausted. Amontoru, ... 

2*8 

34 sec. 


A sawyer made 200 strokes of 1 8 French inches each 
in 145 seconds, with a force of 25 lbs. French. 
He could not have continued more than 3 mi- 
nutes. Amontons, ... - 

60 

145 sec. 


A man can raise 60 French lbs. 1 French foot in 

1 second for 8 hours a day. BemoulUL 

0*69 

8 hours 

0-552 

A man of ordinary strength can turn a winch with a 
force of 30 lbs., and with a velocity of 3J feet in 

1 second for 10 hours a day. Desagvliera, 

105 

10 hours 

105 

Two men working at a windlass, with handles at 
right anglqs, can raise 70 lbs. more easily than 1 
can raise SO lbs. Deuiguliers, • . • 

1*22 


1-22 

A man can exert a force of 40 lbs. for a whole day 
with the assistance of a fly, when the motion is 
pretty quick, at about 4 or 5 fi^et in a second. 
Dtaaguliera, But it appears doubtful whether 
the force is 40 or 20 lbs. • • • 

200 


800 

For a short time, a man may exert a force of 80 lbs. 
with a fly when the motion is pretty quick* 
$agtUUr$, • • • • • 

.800 

1 see. 


A man going up stairs ascends 14 metres (35^ foot) 
is ] minute, Cbafomi. • • • 

1 1‘188 

1 mis. 
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OMAATiva. 

Force. 

ContiDuacoa 

Daf’s Work. 

A man going up staki^lbr a day raises 205 kilo- 
grammes (451 *64 lbs. averd.) to the height of 
a kilometre (3280*91 feet). Coulomb, 



0*412 

With a spade a man does as much as in ascending 
stairs. Coulomb, .... 



0*391 

With a winch a man does | as much as in ascending 
stairs. Coulomb, .... 



0*258 

A man carrying wood up statri raises, together with 
his own weight, 109 kilogrammes (240*14 lbs. 
averd.) to 1 kilometre (3280*91 feet). Co«- 

lomb, ------ 



0*219 

L 

A man weighing 150 French lbs. can ascend by 
stairs 3 French feet in a second for 15 or 20 
seconds. Coulomb. .... 

For half an hour 100 French pounds may be raised 

1 foot French per second. Coulomb, 

By Mr. Buchanan’s comparison, the force exerted in 
turning a winch being assumed equal to the unit, 
the force in pumping will be - 
In ringing ...... 

In rowing 

5*22 

1*152 

I 

0*61 

1*36 

1*43 

20 Sec. 

30 min. 


1343. Coulomb's maximum of effect is, when a man weighing 70 kilograminet 
(154*21 lbs. avoirdupois), carries a weight of 53 (116*76 lbs. avoirdupois,) up stairs. But 
this appears too great a load. 

1 344. Porters carry from 200 to 300 lbs., at the rate of 3 miles an hour. Chairmen 
walk 4 miles an hour with a load of 1 50 lbs. each *, and in Turkey there are found porters 
who, it is said, by stooping forwards, carry from 700 to 900 lbs. very low on their backs. 

1345. The most advantageous weight for a man of common strength to carry horizon- 
tally, is 1 1 1 pounds ; or, if he return unladen, 135. With wheelbarrows, men will do half 
as much more work, as with hods. Coulomb, 

The following table exhibits the performance of men by machines. 


Opbrativs. 

Force. 

Continuance. 

Day’s Work. 

A man raised by means of a rope and pulley 25 lbs. 
French, 220 French feet in 1 45 seconds. Amon^ 
tons, ...... 

0*436 

145 sec. 


A man can raise by a good common pump 1 hogshead 
of water 1 0 feet high in a minute for a whole day. 
Dtaagtdiert, ..... 

0*875 


0-875 

By the mercurial pump, or another good pump, a man 
may raise a hogshead 1 8 or 20 feet in a minute 
for 1 or 2 minutes ... 

1*61 

2 min. 


In pile driving, 55) French lbs. were raised 1 French 
foot in 1 second, for 5 hours a day, by a rope 
drawn horizontally. Coulomb, ... 

0*64 

5 hours 

0*82 

Robison says that a feeble old man raised 7 cubic 
feet of water 11) feet in 1 minute for 8 or 10 
hours a day, by vralking backwards and forwards 
on a lever ..... 

0*837 

9 hours 

0*753 

A young man, the last-named author says, weighing 
135 lbs., and canying 30 lbs., raised 9) cubic feet 
11) feet high for 10 hours a day, without 
fktigue . • . • • 

1*106 

10 hours 

I 

1*106 


1846. In retpeet of the force of horses, we do not think it necessary to do more t!^ 
observe that the best way of applying their force is in an horizontal direction, that in which 
a man acts least to advantage. For instance, a man weighing 140 lbs., and drawing a boat 
aloqg by means of a rope over his shoulders, cannot draw i£ove 27 1^ | whereas a horse 
etnphiycd for the same purpose can exert seven times that force. 

1347* Generally, a horse can draw no more up a steep hill than three men can carry, 
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that st« from 450 to 750 pounds ; but a horse can dra*v 2000 pounds up a steep hill 
18 but short. The most aisadvant^eous mode of applying a horse's force is to make 
him carry or draw up hill ; for if it be steep, he is not more than equal to three men. 
each of whom would climb up faster with a burden of 100 pounds weight than a horre 
that is loaded with nOO pounds. And this arises from the different construction of what 
may be called the two living machines. 

1348. Desa^liers obwrves, that the best and most eflectual action of a man is that 
exerted in rowing, in which he not only acts with more muscles at once for overcoming 
resistance than in any other application of his strength, but that, as he pulls backwards, 
his body assists by way of lever. 

1349. There are cases in which Uie architect has to avail himself of the use of horse 
power; as, for instance, in pugtnilla for tempering mortar, and occasionally when the 
stones en)plu}ed in a building may be more conveniently raised by such means. F<^ 
effectually using the strength of the animal, the track or diameter of a walk for a horse 
should not be less than 25 to 30 feet. A steam horse-power is reckoned us iqual to three 
actual horses' power, and a living horse is equal to ►even men. 

1350. VVe close this section by observing that some horses have carried 650 or 700 lbs., 
and that for seven or eight miles, without resting, as their ordinary work; and, according 
to Desaguliers {Experitmnt. Philos, vol i ), a horse at Stourbridge carried 11 cwt. of iron, 
or 1232 Ihs., for eight miles. 


Sect. VIII. 

PIEKS AND VAULTS. 

Authors on equilibrium of arches. 

1351. The construction of arches may be considered in a threefold respect. I. As 
respects tlieir form. II. As respects the mode in which their parts are constructed. 
III. As respects the thrust they exert. 

1352. In the 6rst category is invehed the mode of tracing the right lines and curves 
whereof their surlaces are composed, which has been partially treated in Section V. on De- 
scriptive Geometry, and will be further discussed in future pages of this work. The 
other two points will form the subject of the present sectiou. 

1 353. The investigation of the equilibrium of arches by the laws of statics does not 
appear to have at all entered into the thoughts of the ancient architects. Experience, 
imitation, and a sort of mechanical intuition seem to have been their guides. ITiey appear 
to have preferred positive solidity to nice balance, and the examples they have left are 
rather the result of art than of science. Vitruvius, Who speaks of all the ingredients 
necessary to form a perfect architect, does not allude to the assistance which may bo 
nflbvded in the construction of edifices by a knowledge of the resolution of forces, nor of 
the aid that may be derived from the study of such a science as Descriptive Geometry, 
though of the latter it seems scarcely possible the ancients could have been ignorant, seeing 
how much it must have been (practically, at least) employed in the construction of such 
vast building as the Coliseum, and other similarly curved structures, as respects their plan. 

] 354. The Gothic architects seem, and indeed must have been, guided by some rules 
which enabled them to counterpoise the thrusts of the main arches of their cathedrals 
with such extraordinary dexterity as to excite our amarement at their boldness. But 
they have left us no precepts nor clue to ascertain by what means they reached such 
heights of skill as their works exhibit We shall hereafter offer our conjectures on the 
Wading principle which seems as well to have guided them in their works as the ancients 
in their earliest, and perhaps latest, specimens of columnar architecture. 

135.'^. Parent and De la Hire seem to have been, at the latter end of the seventeenth 
century, the first mathematicians who considered an arch as an assemblage of wedge-fcumied 
stones, capable of sliding down each other's aurfiu^, which they considered in a state of the 
highest polish. In this hypothesis M. de la Hire has proved, in his Treatise on Mtchanics^ 
printed in 1 695, that in order that a semicircular arch, whose joints tend to the centre, may 
be able to stand, the weights of the voussoirs or arch stones whereof it is composed must 
be to each other as the differences of the tangents of the angles which form each voussoir ; 
but as these tangents increase in a very great ratio, it follows that those which form the 
8]>ringing8 must be infinitely heavy, in order to resist the effects of the superior voussoirs. 
Now, according to this hypothesis, not only would the construction of a semicircular arch 
be an impossibility, but also all those which are greater or less than a semicircle, whose 
eentre is level with or in a line parallel with the tops of the piers ; so that those only would 
be practicable whose centres were formed by curves forming angles with the piers, such os 
the parabola, the hyperbola, and the catenary. And we may here remark, that in para- 
bolic and hyperbolic arches, the voussoir forming the keystones should be heavier or 
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l^eater in height, end that from it the weight or sire of the voussoirs should diminish 
from the keystone to tlie springing ; the catenary being the only cunre to which an hoii- 
rontal extradot, or upper side, can be properly horirontal. In the Mtmoirt of the Academy 
of Sciancet, 1729, M. Couplet published a memoir on the thrusta of arches, wherein he 
adopts the hypothesis of polished voussoirs ; but. finding the theory would not be applicable 
to the materials whereof arches are usually composed, he printed a second memoir in 1730, 
wherein the materials are so grained that they cannot slide. But in this last he was as far 
fiom the truth as in his first 

1356. M. Danisy, a member of the Academy of Montpellier, liking neither of these 
hypotheses, endeavoured from experiments to deduce a theory. He made several models 
whose extradosses were equal ii thickness, and divided into equal voussoirs, with fliers suf- 
ficiently thick to resist the thiusts. To ascertain the places nt which the failuie would 
take place where the piers were too weak, he loaded tlu m with different weights From 
many experiments, in 1732, he found a practical rule for the walls or piers of a cylindrical 
arch so as to resist the thrust 

1357. Derand had found one which appears in his V Architecture det Foutes, 1643, but 
It seems to have been empirical. It was nevertheless adopted by Blondel and Deschalles, 
and afterwards by M. de la Rue. Gautier, in his Dusertation sur tepaisseur dts Ctdees des 
Fonts, kc. 1727, adopts one which seems to have had no better foundation in science than 
Derand’s. 

1 358. At the end of a theoretical and practical treatise on stereotomy by M. Fresxei 
that author subjoined an appendix on the thrust of arches, which was an extract of what 
had theretofore been published by MM. de la Hire, Couplet, Bernouilh, and l)nni£\y, with 
the applications of the rules to all sorts of arches. He seems to have been the first who 
considerably extended the view of the subject. 

1359. Coulomb and Bossut occupied themselves on the subject. The first, in 1773, 
presented to the French Academy of Sciences a memoir on several architectural problems 
amongst which is one on the equilibrium of arches. Tlie last-mentioned author printed, in 
the Memoirs (1774 and 1776) of the same academy, two memoirs on the theory of cylindrical 
arches and of domed vaulting, w'herein are some matters relating to tlie cupola of the 
Pantheon at Paris, whose stability was then a matter of doubt 

1360. In Italy, Lor^na of Verona considers the subject in his Saggi di Statica Mecavica 
aftpheati alte Artt / and in 1 785, Mascheroni of Bergamo published, in relation to this branch 
of architecture, a work entitled Nu<we Ricerche dTUe Volte, wherein he treats of cupolas on 
circular, polygonal, and elliptical bases. 

1361. We ought, perhaps, not to omit a memoir by Bouguer in the Transactions of the 
French Academy of 1734, Sur lea Lignea Courbes proprea a former lea Voutes en Dome, wherein 
he adduces an analogy between cylindrical and dome vaulting ; the one being siq)poscd to be 
formed by the movement of a catenarian curve parallel to itself, and the other by the revo- 
lution of the same curve about its axis. 

1 362. In this country, the equilibration of the arch, as given by Belidor and others on the 
Continent, seems to have prevailed, though little was done or known on the subject. Emer- 
son seems to have been the earliest attracted to the subject, and in his Treati'^e on Mechanics, 
1743, appears to have been the first who thought, after the Doctors Hooke and Gregory, 
of investigating the form of the extrados from the nature of the curve, in which he was 
followed by Hutton, who added nothing to the stock of knowledge ; an accusation which 
the writer of this has no hesitation of laying at his own door, as having been the author of 
a Treatise on the Equilibrium of Arches, which has passed througli two editions ; but who, 
after much reflection, is now convinced, that, for the practical lirchitect, no theory wherein 
the extrados is merely made to depend on the form of the intrados can ever lie satisfactory 
or usefuL It is on this account that in the following pages he has been induced to follow the 
doctrines of llondclet, as much more satisfactory than any others with which he is acquainted. 

1 363. The formulce of liondelet were all verified by models, and the whole reasoning is 
conducted upon knowledge which is to be obtained by acquaintance with the mathematical 
and mechanical portions of the preceding pages. It moreover requires no deep acijuaintance 
with the more abstruse learning requisite for following the subject as treated by later 
authors. 

OBSSaVATlOVS ON FRICTION. 

1.364. I. In order that the stone parallelopiped A BCD {fg, 56ti.) 
may be made to slide upon the horizontal plane FG, the power which 
draws or pushes it parallel to this plane, must not l>e higher than the 
length of its base AB ; for if it acts from a higher point, such os C, the 
parallelopiped will be overturned instead of sliding along it. 

1365. As the effects of the powers P and M are m the inverse ratio 
l>f the heights at which they set, it follows that a parallelopiped will 
•lide when^er the force which is necessary to overturn it is greater than 
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that nevcmry to make it slide, and, reciprocally, it will be overturned wheh less force ta 
necessary to produce that effect than to make it slide. 

1366. II. Wlieu the parallelopiped is placed on an inclined plane, it will slide so lon^ 
as the vertical QS drawn from its centre of gravity does not fall without the base AB. 
Hence, to ascertain whether a parallelopiped A BCD with a 

rectangular base {Jig, 564.) unJl slide down or overturn ; from 
the point B we must raise the perpendicular BE : if it pass out 
of the centre of gravity, it will slide ; i^ on the contrary, the 
line BE passes within, it will overturn. 

1367. If the surfaces of stones were infinitely smooth, as 

they are sui/posed to be in the application of the principles of ^ 64 . 

mechanics, they would begin to slide the moment the plane 

upon which they are placed censes to be perfectly horizontal ; but as tlieir surfaces are full 
of little ine(}ualitie8 which catch one another in their positions, Uondelet found, by re* 
peated experiments, that even those whose surfaces are wrought in the best manner do not 
begin to slide upon the best worked planes of similar stone to the solids until such planes 
are inclined at angles varying from 28 to 36 degrees, lliis difficulty of moving one stone 
upon another increases os the roughness of their surfaces, and, till a certain point, as their 
weight: for it is manifest, 1st, That the rougher their surfaces, the greater are the in- 
equalities which catch one another. 2d. That the greater their weight, the greater is the 
effort necessary to disengage them ; but as these inequalities are susceptible of being 
broken up or bruised, the maximum of force wanting to overcome the friction must be 
equal to that which produces this effect, whatever the weight of the stone. Sd. That this 
proportion is rather as the hardness than the weight of the stone. 

1368. In experiments on the sliding of hard stones of different sizes which weighed from 
2 to 60 lbs., our author found that the friction wliich was more than half the weight 
for the smaller was reduced to a third for the larger. He remarked that after each experi- 
ment made with the larger stones a sort of dust was disengaged bj the friction. In soft 
stones this dust facilitated the sliding. 

1 369. These circumstances, which would have considerable influence on stones of a great 
weight, were of little importance in the experiments which will be cited, the object being 
to verify upon hard stones, whose mass wds small, the result of operations which the theory 
was expected to confirm. By many experiments very carefully made upon hard free.stone 
well wrought and squared, it was found, 1st, That they did not begin to slide upon a plane 
of the same material equally well wrought until it was inclinea a little more than 30 degrees^ 
2d. That to drag upon such stone a p^allelopiped of the same material, a little more than 
half its weight was recjuired. 'J’hus,^ drag upon a level plane a parallelopiped 6 in. long, 
4 in. wide, and 2 in. thick, weighing 4 lbs. 11 oz., (the measures and weights are French, 
as throughout*), it was necessary to employ a weight equal to 2 lbs. 7 oz. and 4 drs.^ 
3d. 'fhat the size of the rubbing surface is of no consequence, since exactly the same force 
is necessary to move this parallelopiped upon a face of two in. wide as ui)on one of 4. 

1.370. Taking then into consideration that by the principles of mechanics it is proved, 
that to raise a perfectly smooth body, or one which is round u])on an homogeneous plane 
inclined at an angle of 30 degrees, a power must be employed parallel to the plane which 
acts with a force rather greater than half its weight, we may conclude that it requires as 
much force to drag a parallelopiped of freestone upon an horizontal plane of the same 
material as to cause the motion up an inclined plane of SO degrees of a round or infinitely 
polished body. 

1 371. From these considerations in applying the principles of mechanics to arches composed 
of freeston3 well wrought, a plane inclined at 30 degrees might be considered as one upon 
which the voussoirs would be sustained, or, in other words, equivalent to an horizontal plane. 

1372. We shall here submit another experiment, which tends to establish such an hypo- 
thesis. If a parallelopiped C {^g, 565.) of this stone be placed 
between two others, BD, RS, whose masses arc each double, 
upon a plane of the same stone, the parallelopiped C is sus- 
tained by the friction alone of the vertical surfaces that touch 
it. This effect is a consequence of our hypothesis ; for, the 
ine(]uaUtics of the surfaces of bodies being stopped by one ano- 
ther, the parallelopiped C, before it can fall, must push aside the 
two others, BD, by making them slide along the horizontal 

plane of the same material, and for that purpo.se a force must be employed equal to double 
ibo weight sustained. 

• The Paris pound Troy grains. ‘ 

Ounce « 471l‘A62ft. ; 

Dram or groa ■■ &9'0708. 

Grain mm 0-8204. 

And ai the Rrrglisb avofrdnt>o1i nottnd 7000 Troy grains, it containi 8538 Paris graW 

The Pans foot qjr 12 inches ■» 12*7977 EnBliih inches. , , . 

The Paris line = oiie-nre«Ah of the foot. 
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' 1879. If to tbw expenment tlje principles of mechanics Ijc 
applied, considering the phine of 80 degrees inclination as a 
horiiontal plane, the vertical faces ED FR may be considered 
as inclined planes of 60 degrees. On this hypothesis it may be 
demonstrated by mechanics, that to sustain a body between two 
planes forming an angle of 60 degrees 566.\ the resist- 
ance of each of these planes must be to half the weight sustained 
as II D is to DO, as the radius is to the sine of 30 degrees, or 
as 1 is to 2. 
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1874. The resistance of each parnllelopiped represented by the prism ABDE 565.) 
being equal to half their weight, it follows that the weight to be sustained by the t%vo prisms 
should equal one quarter of the two parallelopipeds taken together, or the half of one, 
which is confirmed by the experiment. 'I'liis agreement between theory and practice deter- 
mined Rondelet to apply the hypothesis to models of vaults composed of voussoirs and wedges 
disunited, made of freestone, with the utmost exactness, the joints and 
surfaces nicely wrought, as the parallelopipeds in the preceding example. 

, 1375. The first model was of a semicircular arch 9 inches diameter, 
comprised between two concentric semi-circumferences of circles 2 1 lines 
apart. It was divided into 9 equal voussoirs. This arch was 1 7 lines 
deep, and was carried on piers 2 inches and 7 lines thick. It was found, 
by gradually diminishing the piers, which were at first 2 inches and 10 i 
lines thick, that the thickness first named was the least which could be 
assigned to resist the thrust of the voussoirs. 

1376. The model in question is represented in 567., whereon 
we have to observe, — 1st. ITiat the first voussoir, I, being placed 
on a level joint, not only sustains itself, but is able to resist by 
friction an effort equal to one half of its weight. 2d. Tliat the second 
voussoir, M, being upon a joint inclined 20 degrees, will also, through 
friction, sustain itself; and that, moreover, these two voussoirs would 
resist, previous to giving way on the joint AB, an horizontal effort equal 
to one half of their weight. 3d. That the third voussoir, N, standing 
on a joint inclined at 40 degrees, would slide if it were not retained 
by a power PN acting in an opposite direction, 4th. That taking, ac- 
cording to our hypothesis, an inclined plane of 30 degrees, whereon 
the stones would remain in equilibrium as an horizontal one, the in- 
clined point of 40 degrees may be considered as an inclined plane of 

lO degrees, supposing the surfaces infinitely smooth. 5th. ITiat the effort of the hori- 
zontal power which holds this voussoir in equilibrium upon its joints will be to its weight 
as the sine of 10 degrees is to its cosine, as we have, in the section on Mechanics, pre- 
viously shown. (1255 et seq.) 

1377. The model of the vault whereon we are speaking being but 9 inches, or lOS 
lines in diameter, by 21 lines for the depth of the voussoirs, that is, the width between the 
two concentric circumferences, its entire superficies will be 4257 square lines, which, divided 
by 9, gives for each voussoir 473 square lines. Then, letting the weight of each voussoir 
be expressed by its superficies, and calling P the horizontal power, we have 

P : 473::sin. 10° : cosin. 10°; 

Or, P : 473:;17365 ; 98481 ; which Ptes P=83^. 



The fourth voussoir, being placed upon a bed inclined at 60 degrees, will be considered oa 
standing on a plane inclined only at 30 degrees, which gives, calling Q, the horizontal 
power which keeps it on its joint,— 

Q : 473: : sin. 30® : cosin. SO®. 

Or, 0 , ; 473:: 50000 : 86603-273^ 

1378. Thehalf-keprstones, being placed on a joint inclined 80 degrees, are to be considered 
as standing on an inclined plane of 50, the area of the half key which represents its 
weight being 236^ If we call R the horizontal power which sustains it on its joint, we 
shall have the proportion 

R : 236| : : sin. 50 : cosln. 50 ; 
or, R ; 2364::76604 ; 64279; which gives R=«281^ 

1379. Wishing to ascertain if the sum of these horisontal efforts, which were necessary 
to ke^ cm their joints the two voussoirs N, O, and the half-keystone, was capable of 
thrusting away the first voussoir upon its horizontal joint AB, the half arch was laid down 
upon a level pUuic of the same stone without piers, and it was proved that to make it give 
woy an horizontal efibrt of more 16 ounces was required, whilst only 10 were necos. 
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to iustein the half- keystone and the two voussoirs N, O. The two halvei of the air^facf 
un^d bore a weight of 5 lbs, 2 oz. before the first vousaoirs gave way. 

1S80. To find the effect of each of these voussoirs when the arch is raised upon lift pien> 
let fall from the centres of gravity N, O, S of these voussoirs the perpendiculars Nn, Oo, 
in wrder to obtain the arras of the levers of the powers P, Q* tt> which keep them in their 
places, tending at the same time to overturn upon the fkilcrum T the pier which carries 
»he half arch, and we have their effort — 

P X Nn + Q X Oo + R X Ss. 

The lieight of the pier being 1 95 lines, we have 

Nn = 244*94 
Oo = 256*26 

and Ss = 260*50, whence we have 
Tlie effort P x Nn« 83*4 x 244*94, which gives 20427*996 


Qx 00 = 273*3x256*26 70035*858 

R X Sj =281 *9 X 260*50 73434*950 


Total effort in respect of the fulcrum, 1 63898*804 

1 38 I, The pier resists tliis effort, Ist, by its weight or area multiplied by the arm of the 
lever determined by the distance Tu from the fulcrum T to the perpendicular let fall from 
the centre of gravity G upon the base of the pier. 2d. By the weight of the half arch 
multiplied by the arm of its lever VY determined by the vertical LY let fall from the 
centre of giavity L, and which becomes in respect of the common fulcrum T=T/or 
VB — BY, in order to distinguish BY, which indicates the distance of the centre of gravity 
of the half arch (and which is supposed known because it may be found by the rules given 
in 1275. et seq.) from the width VB that the pier ought to have to resist the effort oi 
Ihe half a*ch sought. In order to find it, let P, the effort of the arch above found, be 
163898 *804. 

liCt the height of the pier 
The width sought =ar 

The weight of the half arch =6 
'i'he part BY of its arm of lever =c 

1382. IIjc area of the pier which represents its weight multiplied by tire arm of the 
lever will he ax x That of the half arch multiplied by its arm of lever will be 

shown by VB + BY, where .r + c will be bx+hc, whence tlie equation P = J2£? + hx + bc^ 
iv'liich we have to solve. 

Now first we have 4 = P — ftc. 


Multiplying all the terms 1)V - 1 2''x 

... expression rnwhith x is raised to 

to eliminate x , we have » 

the second power; but as + is not a perfect square, that is to say, it wants tlie 
square of half the known quantity ^ which multiplies tlie second term ; by adding this 
square, which isi, to each side of the equation, we have + ^ 

first member by this means having become a perfect square vihose root is a + -, we shall 
have a: + whiiA becomes, by transferring ^ to the otlier side of the 

equation, x = a: being only in the first member of the equa- 

tion, its value is determined from the known quantities on tlie other .side. Substitutinir 
then, the values of the known quantities, we have ' 


,^ l6i898*804X 2 -2l28x2xi2 i ■ 2128 2]2H_2I28 

V 7^5 jg-, ” ,g5» 


which gives a: =28} line* intteod of 2 indies and 5 lines, which was assigned to the piers thal 
they might a little exceed equiUbrium In their stability. 


Proof of tfie above Method by another Method ef 
eetimatimp Friction, 

1383. A proof of the truth of the hypothesis in the preceding 
section is to be found in the method proposed by Bossut in hu 
Dratue on Mechanics* 

Let the voussoir N {fig* 568.) standing on an inclined 
plane be sustained by a power Q acting horizontally. From the 
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ceiitre of gravity let fall the rertlcal N», which may be taken to exprcM the height 
of the vouasoir. This weight may be resolved into two forces, whereof one, Kc, is 
parallel to the joint, and the other Na is perpendicular to it. In the same manner the 
power Q expressed by QN in its direction may be resolved into two forces, whereof 
Kf will be parallel to the joint and the other Nd perpendicular to it Producing the 
line from the joint HG, drawing the horizontal line GI and letting fall the vertical HI, 
consider the line HG as an inclined plane whose height is HI and base IG. llien the 
force Nc with which the voussoir will descend will lie to the weight as the height HI 
of the inclined plane u to its length H G. Calling p the weight of the voussoir, we 
then have Nc-cp x and the force No which presses against the plane as the base of the 
plane I G is to itslength, which gives the force Nassp x 

1384. Considering, in the same way, the two forces of the power Q which retain the 
voussoir on the inclined plane, we shall find the parallel force N/« Q, x and the per- 
1 H 

pendicular force Nd ■= Q x uq. Tlie force resulting from the two forces Na, Nd, which 
press against the joint, will be expressed by p x ^ + Q, x ; and as the voussoir only 
begins to slide upon a plane whose inclination is greater than 30 degrees, the friction will 
he to the pressure as the sine of 30 degrees is to its cosine, or nearly as 500 is to 866, pr 
of its expression. Calling this ratio n, we shall, to express the friction, have 
/ IG . n IG\ 

As the friction prevents the voussoir sliding on its joint, in a state of equilibrium, we shall 
have the force Ny* equal to the force Nc, less the friction; from which results the equation — 

^ ^ liG^P ^ UG ^kP ^ GH ^ ^ ^ UgJ ^ ”• 

All the terms of which equation having the common divisor HG, it becomes — 

Q X IG=:p X HI — (px IG — Q,x IH) X n ; 


and, bringing the quantities multiplied by Q, to the same side of the equation, we have 

Q X IG + (Q X IH) X as=p X HI — (p X IG) X n ; which becomes 
Q X (IG+ n X IHssep X (HI — n x IG) ; whence results 
Qs=sp X "^hich is the fortnula for each voussoir, substituting the 

values for the expression. 


1385. Thus for the third voussoir N (yf^. 567.) placed on an inclined plane of 40 de- 
grees, HI which represents the sine of the inclination will be 643, and its cosine repre- 
sented by IG, 766, the expression of the friction n will be JJg, or ^ nearly. The weight of 
the voussoir expressed by its area will be 473, which several values being substituted 
in the formula, we have 


766 + JJ X 643 

which gives QBa83'6, the expression of the horizontal force P, which will keep the voussoir 
N in equilibrium on its joint instead of 83*4, which was the result of the operation in tlie 
preceding subsection. 

1386. The same formula Q,=sp x IH voussoir M on an inclined joint 


of 60 degrees, whose sine HI is 866 and cosine IG500, Q,=473 x 273*4; 

instead of 273*3, which was the result of the operation in the preceding section. 

1387. For the half-keystone, the sine HI, being of 80 degrees, will be expressed by 
985, and its cosine I G by 174; the half-keystone by 236 J, and the friction by J}. 

985 — 15 X 174 . . 

The formula now will be ^ j‘ 7 j^j^~ 985 ’ gives 0,*= 282*2, instead 

of 281^ found by the other method. These slight differences may arise from 8U|>- 
pressing the two last figures of the sines, and some remainders effractions which haie been 
neglected. Multiplying these values of the powers which keep the vortsibirs in equiUbf^uin 
upon their beds by the several arms of the levers, as in the preceding calculations, their 
energy will be as follows ; — 

For the voussoir N, 83*6 x iM4*fiNI««» 20476*98 
— O, 273*4 x 256*26 = 70061*48 

— S, 282*2 X 260*50- 73313*10 

For the total force in respect of the fulcrum T — 163851 *56, 

Which i» the value ofp, and being substituted for it in the formula x— ^ 




Application of the PrincipUt in the Model of a straight Arch, 

1388. Tlie second model to which the application of the preceding methods was made 
was a straight arch of the same sort (Ji^. 569. )« 
whose opening between the piers was 9 inches. 

The arcli was 21 lines high and 18 lines thick. 

It was divided into 9 wedges, whose joints were 
concentric. To determine the section of the 
joints, the diagonal FG was drawn on the face 
of the half arch, and from its extremity F touch- 
ing the pier, the perpendicular FO meeting O 
in the vertical, passing through the middle of 
the opening of the piers, all the sections meet- 
ing in this point O. Each of the sections of 
the piers which support the arch forms an 
angle of 21 1.5' with the vertical, and of 68^ 

45' with the horizon. 

1 389. In considering each of the wedges of 
the half arch as in the preceding method, it 
will be found that in order to retain the voussoir 
A on the joint IF (of the pier) which forms 
with the horizontal line NF an angle of 

45', we have ^ Fi«.a70. 


For the horizontal force 

. 

. 

217-50 

second B 

• 

• 

254-33 

third C 


. 

298-75 

fourth D 

. 

• 

354 66 

half- keystone 

• 

Total 

212-83 

1338-07 


The height of the piers being 1 95 lines to the underside of the arch, and 21 0 to the top 
of the extrados, it follows that the ann of the lever, which is the same for all the wedges 
is 206}, from which we derive for the thrust p of the formula, 

a ^ b 

*= 1 338 07 X 206 *33 = 276084 ; 



h which expresses the area of the half arch *121 9} ; c which expresses the distance of its 
centre of gravity from the vertical Fn*24, and the height of the pier a » 21 6. Now, sub- 
stituting these values in the formula, we shall have 


*/2760a4xa— 2439 x 24 . 12194x12191 1219* 

“=■ ^ 210 + 2'1GX2IB-* 210 =‘' 2 J lines. 


Exj)eriment gives 44 lines for the least width of the piers upon which the model will stand. 
Hut it is right to observe that from the impossibility of the joints being perpendicular to 
the intrados, the forces of the wedges press in a false direction on each other, as will be 
Keen by the lines Fa, Ic, 2f, 3g, perpendicular to the joints again.st which the forces are 
direct^, so that such an arch will only stand when the perpendicular FG does not fall 
wnhin the thickness of the arch; and, indeed, this sort of arch is 


only secure when it comprises an arc whose thickness is equal to 
the section upon the piers 1 F, as shown in fg. 570. 

Observations on the Way in which Stoves forming an Arch act to 
support otie another. 

1390. Let the semicircular arch AHCDNB (Jig. 571.) consist 
of an infinite number of voussoirs acting without friction, and only 
kept in their places by their mutual forces acting on each other. 
It will fidlow — 

1, Hiat the first voussoir, represented by the line AB, having its 
joints sensibly parallel and horizontal, will act with its whole weight 
in the vertical direction I £ to strengthen the pier. 
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2. Tliat the vertical voiissoir CD, which represents the keystone, having also its jointi 
lensibly parallel, will act with its whole weight horizontally to overturn tlie semi^arches and 
piers which carry them. 

3. Tliat all the other voussoirs between these two extremes will act with the compound 
forces Gn, am, ml, Kl, KA, hff, gf,fT, which may each be resolved into two others, whereof 
one is vertical and the other horirontal : thus the compound force KA is but the result 
of (he vertical force 4A, and the horizontal force 4K. 

4. That the vertical force of each voussoir diminishes from T to G, where, for the key- 
stone CD, it becomes nothing, whilst the horizontal forces continually increase in an in- 
verse ratio ; so that the voussoir HN, which is in the middle, has its vertical and horizontal 
forces equal. 

5. That in semi-circular arches whose extradosses are of equal height from their in- 
tradosses, the circumference passing through the centre of gravity of the voussoirs may 
represent the sum of all the compound forces with which the voussoirs act upon one' 
another in sustaining themselves, acting only by their gravity. 

6. That if from the points T and G the vertical TF and horizontal GF be drawn meet- 
ing in the point F, the line TF will represent the sum of the vertical forces which assist the 
stability of the pier, and FG the sum of the horizontal forces which tend to overthrow it. 

7. That if through the point K the horizontal line I K L be drawn between the parallels 
FT and CO, the part IK will represent the sum of the horizontal forces of the lower part 
AHNB of the vault, and KL those of the upper part HCDN. 

8. The lower voussoirs between T and K being counterpoised by their vertical forces, 
the part of the arch AHNB will have a tendency to fall inwards, turning on the point B, 
whilst the voussoirs between K and G being counterpoised by their horizontal forces, the part 
IJCDN of the arch will re-act upon the lower part by its tendency to turn upon the point A. 

9. The horizontal forces of the upper part of the arch shown by KL acting from L 
towards K, and those of the lower part shown by IK opposite in direction to the former, 
that is, from I to K, being directly opposed, would counterpoise each other if they were 
etjual, and the arch would have no thrust ; but as they are always unequal, it is the dif- 
ference of the forces which occasions the thrust, and which acts in the direction of the 
strongest power. 

10. If we imagine the width BO of a semi-arch constantly to diminish, its height 
remaining the same, the sum of the horizontal forces \^11 diminish in the same ratio, so that 
when the points B and O are common, the horizontal force being annihilated, nothing 
remains but the vertical force, which would act only on the pier, and tend to its stability, 
thrust vanishing, because, instead of an arch, it would, in fact, be nothing more than a con- 
tinued pier. 

11. If, on the contrary, the height OD diminishes, the width BO remaining the same, 
the curve B and D would, at last, vanish into the right line BO, and the arch would 
become a straight one. In this case, the vertical forces which give stability to the pier 
being destroyed, all that remains for sustaining the arch are the horizontal forces which will 
act with the whole weight of the arch ; whence this species of arches must be such as 
exert most thrust, and circular arches hold a middle place between those which have no 
thrust, and flat arches, whose thrust is infinite, if the stones whereof they are formed could 
slide freely on one another, and their joints were perpendicular to their lower surfaces, as in 
other arches. 

1 2. 'fhe inconveniences which result from making the joints of flat arches concentric 
have been before noticed. If the stones could slide freely on one another, as they only act 
in a false direction, their forces could never either balance or destroy one another. 

13. A vast number of experiments made by Rondelet, upon fifty-four models of arches of 
different forms and extradosses, divided into an equal and unequal number of voussoirs, 
showed that the voussoirs acted rather as levers than as wedges, or as bodies tending to 
slide upon one another. 

, 1 4. As long as the piers are too weak to resist the thrust of the vouasoirs, many of them 

unite as one mass, tending to overturn them on a jiuiut opposite to the parts where the joints 
open, 

15. Arches whose voussoirs are of even number exert more thrust than those which are 
of unequal number, that is, which have a keystone. 

16. In those divided into uneven numbers and of unequal size, the larger the keystone 
^he less is their thrust, so that the case of the greatest thrust is when a joint is made at the 
vertex, as in the case of arches whose voussoirs arc divided into equal numbers. 

1 7. A semicir<iular arch divided into four equal parts has more thrust than one divided 
into nine equal voussoirs. 

18. Arches including more than a semicircle have less thrust than those of a similar 
span, the intradosses and extradosses being of similar forms. 

19. Tlirustdocs not increase as the thickness of an arch increases; to that, cacterh pariluK 
%n arch of double 'the thickness has not drmble the thrust. 
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30. A semicircular arch whosie extrados is equally distant throughout 
firom» or, in other words, concentric with, the intrados, when divided into 
four equal parts, will only stand when its depth is less than the eigh- 
teenth part of its diameter, even supposing the abutments immoveable. 

21. Whenever, in an arch of voussoirs of equal depth, a right line can 
be drawn from its outer fulcrum to the centre of the extrados of the 
keystone {Jiy, 572,), fracture does not occur in the middle of the 
haunches if the piers are of the same thickness as the lower part of the arch. 

22. Arches whose thickness or depth diminishes as they rise to the 
rertex have less thrust than those whose thickness is equal throughout 

23. Semicircular and segmental arches whose extrados is an hori- 
tontal line have less thrust than others. 

24. As long as the piers in the models were too weak to resist the 
thrust, it was possible to keep them in their places by a weight equal to 
double the difference between the thrust and resistance of one pier, 
acting by a string suspended passing through the joints in the middle of 
the haunches, or by a weight equal to that difference placed above each 
middle joint of the arches, as in 572. 

From these experiments and many others, a formula has been 
deduced k|^etermine the thickness of piers of cylindrical arches of 
all species^Miose voussoirs are of equal depth, whatever their forms ; 
and to this we shall now introduce the reader. 
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T {Jigs, 573,574.), fiom the poinU 


1391. Having described tlic mean circumference G 
G and 'f draw the tangents to the curve meeting in 
the point F. From this point draw the sccan. FO 
(Mitting it in the point K. This point is the place 
of ihe greatest effort, and of the consequent failure, 
if the tliickncss of the piers is too weak to resist the 
thrust. 

1 392. Through the point K, between th# parallels 
TF and GO, draw the horizontal line IKL, which 
will represent the sum of the horizontal forces as 
will the vertical TF express the vertical forces j 
the mean circumference GKT will express the com- 
pound forces. 

J393. The arches having an eijual thickne.ss 
throughout, the part IK of the horizontal line 
multiplied by the thickness of the arch will ex- 
press the horizontal effect of the lower part of either 
arch, and KL multiplied by the same thickness will 
express that of the upper part. These two forces 
acting in opposite directions will partly destroy each 
other; thus transferring IK from K to m, the difference mL multiplied by the thickness 
of the vault will be the expression of the thrust This force acting at the point K in the 
horizontal direction KH, the arm of the lever is determined by the perpendicular PH raised 
from the fulcrum P of the lever to the direction of the thrust so that its effort will be ex- 
pressed by mL x AB x PH. 

ITiis will be resisted — 

1. By Its weight represented by the surface EP x PR multiplied by the arm of the lever 
PS, determined by a vertical let fall from the centre of gravity Q, which gives for the 
resistance of the pier the expression EP x PR x PS. 

2. By the sum of the vertical efforts of the upper part of each arch, represented by MK x A B 
acting at the point K, the arm of their lever in respect of the fulcrum P of the pier being K H. 

3. By the sum of the vertical efforts of the lower part represented by IT multiplied by 
AB acting on the point T has for the arm of its lever TE. Hence, if equilibrium exist. 



mL X AB x PH - PE X PR X PS+ MK x AB x KH + IT x AB x TE. 

But as in this equation neither PR (* BE) nor PS nor KH noi TE is known, we must 
resort to an algebraic equation for greater convenience, in which 

The effect of the thrust in the expression mL x AB mp 
The height of the pier PE - - - a^a 

EH-TI-KL-KV - - • . -rf 
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The sum of tlie vertical forces of the upper part or 
MKxAB . - 

'riJe sum of the forces of the lower part IT x AB 
*The part tK of the horizontal IKL 
^ TB equal to half the thickness ot* the arch 
The arm of the lever KH 

That of TE 



Thus the first equation becomes pa + pd= iw (c x or) + » (i* - « , 

Or paxpd^^^ + mx ^mc + nx—ne. 

Transferring the unknown quantities to the second side of the equation, we sluJl 
have + nix + »ijc + — me. 

Multiply all the terms by 2, and divide by a, in order to get riri of t*, and wa 
have • 

Making mhn=6, and adding to each member ^ for the purpose of extracting 
the root of the first member, 

We have + "if + 2p -h + if. 

a ^ a 

Extracting tl.e root, ^ v/ 2o + ^2pd+2ne^c^/y . 

a a a* 

And lastly, 

139^4. lliis last equation is a formula for finding the thickness of all sorts of archex 
wliose voussoirs are of equal depth, which we will now apply to fg. 573. The model was 
36 inches and 3 lines in span. The arch consisted of two concentric circles, and it was 
divided into four equal parts, a vertical joint being in the middle, the two others being 
inclined at angles of 45 degrees. The piers whereon it was placed were 40 inches and 4 linos 
high, and on a very exact measurement the values were as follow : •— 


PE (a in the formula) was - - - . • 40*3.33 

EH = TT= KL** KV (d in the formula) ... 13*876 

ML X AB (p in the formula) representing the thrust or 8*127 x 3 24*381 

2/7 . 48*762 

2pd «= 48 *762 X 13*876 ..... 676*621 

2MK X AB V KH represented by 2mc ( *8:5*749 x 3 x 4*249) • 73*282 

2ne, which is IT X AB X AB («8l3*876 X 3 X 3) - - 124*824 

5=:m J- n = (MK + IT) X AB ( = 19*625 X 3) ... 58*875 

a = EP, the height of the pier being 40*333, ^ will be ^ 

!’< 2128 


Substituting these values in the formula Xm^s/ 2p -f 

we have ^ - v/ 48*762 + 2*128-. 1 *459; 

which gives ara*5*8, or 5 inches 9^ lines for the thickness of the piers to resist the thrust ot 
the arch, supposing it to be perfectly executed. But, from the imperfection of the execution 
of the model, it was found that the piers required for resisting tlie thrust a thickness of 
6 inches and 3 lines. 

1395. When the piers of the model were made 7* inches thick the arch on its centra] 
joint was found capable of supporting a weight of three pounds, being equal to an ad* 
dition of 8 superficial inches beyond that of the upper parts of the arch which are the 
cause of the thrust, and this makes the value of 2p in the formula 56*762 instead of 48*762, 

and changes the equation to x*m\/ 56 + 4- 2*430 ~ 1 '55*, from 

which we should obtain x « 7*366 inches, or 7 inches 3J lines, exhibiting a singular agree- 
ment between theory and practice. Kondelet gives another metliod of investigating the 
preceding problem, of which we do not think it necessary to say more than that it 
agrees with that just exhibited so singularly that the result is the same. It is dependent 
on the places of the centres of gravity, and therefore not so readily applicable in practice us 
that which has been just given. 


Second Experiment 

1396. JFig. 567., in a preceding page, is the model of an arch in freestone, which has been 
i>cfcve conaroMrad. It is divided into nine equal voussoirs, whose depth to the extrados is 
21 lines, y^ ;^ oi a interior diameter is 9 inches. 
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1697. Hnving drawn the lines heretofore described* we shall find mLic AB ez{»resNedi 
in the formula by 

/>« 26*7 K 21, which gives • - • 560*70 

And for .... 1121*40 

EH «* TI » KL w K V, expressed by d, will be - 45i60 

Hence 2/xi - - - - 5118*584 

2ne, which is twice the vertical effort of the lower part of 

the arch, multiplied by J AB, will be 45*6x21x21* 
which gives - - - - 20109*60 

2m«, which indicated twice the vertical effort of the upper 

part, multiplied by tK, will be 18*9 x 21 x 2 x 8*4, which 
gives - - - - 6667*92 

a, which represents the height of the piers, being 1 95, and 
6=sm + w«64*5 x 21«1354*5, 

^ will become - - 6*94 

And all these values being substituted in the formula, will give 

ar « 1 1 21 *40 + ^ t , + 48 *1 63 - 694 = 28 *62 lines* 

instead of 28^, before found. 

Geometrical Application of the foregoing, 

1398. I.et the mean curve TKG of the arch (whatever its form) be traced as in 
figs. 573, 574., the secant FO perpendicularly to the curve of the arch, and through the 
point K, where the secant cuts the mean ourve, having drawn the horizontal line IKL, and 
raised from the point B a vertical line meeting the horizontal IKL in the point i, make 
Km equal to iK, and set the part mL from B to A, and then the double thickness of the 
arch from B to n. Let hn be divided into two equal parts at the point rf, from which as a 
centre with a radius equal to half A//, describe the semi-circumference of a circle which will 
cut in E the horizontal line BA prolonged. The part BE will indicate the thickness to be 
given to the piers of the arches to enable them to resist the thrust. 

1 399. Tlie truth of the method above given depends upon the graphio solution of t 
following problem: To find the side BE of a square which shall 1^ equal to a given sur- 
face mL X 2c ; an expression which is equivalent to 2p, and we have already seen that 
r=s ^,''2p was a limit near enough ; hence we may conclude that the thickness BE obtained 
ly the geometrical method w'ill he sufficiently near in all cases. 


Experiments <m surmounted Arches. 

1400. The interior curve o^fig. 574. is thifi^jl semi-ellipsis 81 lines high ; It is divided 
into four parts by an upright joint in the crown others towards tlie middle of the 

haunches determined by the secant FO, perpendiciilar to the interior part of the curve. 
Having traced the mean circumference GKT, the Wizontal IKL, and the vertical B/, 
we shfU find 

ml : : *• : : 

fr : : : # : -4 

MK-rf - - . . iJL 

The effect of the thrust indicated by KL — tKasmL will be 
19J X 9, which gives for the expression p of the formula - ] 75*5 

2p therefore - - - • 351 *0 

d being 66*5, 2pd will be 351 x 66*5, which gives . 23341 *5 

m, which is KM x AB, will be 19x9, which gives - 171 *0 

c, that is, • K, being 1 7^ lines, w e have 2mc *171 xl7lx2, which 

.... * • • - 5899*50 

Ine height of the piers a • • • 120*00 

A, which expresses the sum of the vertical eflTorts m + n, will be 
equal to MK + IT x AB or 19 +66^ x 9, which gives - 769*50 

Hence which gives • - . ^.41 

And Ogives . . . .41*11 


Substituting these values in the formula, xmm v/s^ + ^ 
We have the equation *»\/ S51 4* 




4> 41 *11*6*41-16*77 
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Rues, or a little more Rian 16 | lines. The model of this arch would not however stead 
on piers less thaa 17 lines thielL 

In taking the root of double the thrust the result is 18} lines, as it is also by the geo* 
sietrical method. 

Application to the Pointed Arch, 

1401. The model which fig, 575. represents was of the same height 
and width as the last, and the voussoirs were all of equal thickness. 

Having laid down all the lines on the figure as before, we shall find iK 
of the formula to be 

+ ^ wherein 

c - . - - .-20 

KL . - . - - 34 

toL - - - - - « 14 

IT, represented by d, - - - — 63 

MK - - . . = 23 

AB - - . . - 9 

mL X AB, represented by p in the formula, will 

bel4x9- • - - —126 

and 2p - s 252 
2pd will be 252 x 63, which gives - - — 1 5876 

m, which is KM x AB or 23 x 9, - - ■» 207 

2m«:^414, 2mc«414x20 - - - 8280 

Tl»e height of the pier, represented by a, being 1 20, we have 

h 77i 

6, or FT X AB, will be 86 x 9 = 774 ; whence '45, and ^ 41 *60. Substituting 

these values in the formula 

\/252 + 63*8 -t 41 *6 —6.45 « 12*46 lines for the thickness of the pier. 

In taking the square root of double the thrust the thickness comes out 15*88 lines, ns it 
dois by the geometrical method. Experiments showed that the least thickness of piers 
upon which the model would stand was 14 lines. 



Application to a surmounted Catenarean Arch, 

1402. The lines are all as in the preceding examples 576.). 
'Hie whole arch acts on the pier in the direction FT, which is resolved 
into the two forces Tf and Tm, and the formula, as before, is 

*-\/2p + ^-|5 

thus having found BmaB22j, we have the value of p— 22^x9 »201 ; 
and 2p— 402. 

1403. This model was of the same dimensions as the preceding: 
b, which represents Tfx AB, will be 769*5*, ^ will be 6*41, and 
a » 41 *1 1 . These values substituted in the formula give 

-/402 + 4l*ll — 6*41 ■■14-64 lines. 

1404. Experiment determined that the pier ought not to be less 
than 16 lines, and the geometrical method made it 20*05. 

The following table shows the experiments on six different models. 



Fiff. 576 


Form of Arek. 

Thickneit of the Piers. | 

By the ftxrmuls. 

By experlmeat. 

OeomiRtcally. 


Lines. 

Lines. 

mses. 

The pointed 

12*46 

14*00 

15*88 

The catenary « 

14*64 

15*00 

20*05 

Tlie cycloid 

14*66 

15*00 

17*24 

The parabolic • 

15*85 

16*50 

21-00 

The elliptic • 

16*77 

17*00 

18*75 

The cassinoid 

19*62 

21*00 

20*79 
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lliis taliitt shows that, in |>ractlce, for surmounted arches, the limit tip thiek* 

fibtained for the construction by graphical means is more than suffiaiaiit, sin^p^ 
results greater than those that the experiments require, excepting only igt^^ e^ f ^o iA t but 
even in the case of that curve the graphical construction comes nearer to than 

the result of the first formula. » . 

1 405. It *3 moreover to l>e observed, that the pointed is the most advantageous form for 
surmounted arches composed of arcs of circles. W^e have had occasion to speak, so our First 
Ih)ok, of the boldness and elegance exhibited in this species of arches by the architects of 
the twelfth and thirteenth centuries; we ahall merely add in this place that where roofe ar^ 
required to bo fire-proo^ there is no form so advantageously capable of adoption as the 
pointed arch, nor one in which solidity and economy are so much united. 

1 406. Next to the pointed arch for such purpose comes the catenary (the graphical 
method of describing which will be found under its head, in the Glossary at the end of the 
work), and thb is more especially useful when we consider that the voussoirs may all be of 
equal thickness. 

Application of the Metliod to surbased Archee, or those whose Rise is less than the Hjf Spatt, 

1407. For the purpose of arriving at just conclusions relative to surbased arches, three 
models were made of the same thicknesses and diameters, with a rise of 35 libes, and in 
form elliptical, cassinoidal, and cycloidal. We however do not think 
it necessary, from the similarity of a))plication of the rules, to give 
more than one example, which is that of a semi-ellipse (Jig. 577.), 
in which, as before, the formula is 

N/2/.+ + - 

Hie lilies described in tlie foregoing examples being drawn, we have 

KL = 45-5 
iK= 8-5. 

' IT, represented by d in the formula, - - « 24 84 

MK - - =* 14*66 

twLxAB representing the thrust (37x9) gives 

the value of jo - - - - = 333 *00 

2p therefore - == 666*00 

TI, represented by d, being 24*84, we have 2pd - 
m, whidh is KM x AB, will be 14*66 x 9, which gives 
c, representing t’K, being 8*5, 2inc 
fc, which expresses the sum of the vertical efforts m + w(39*5 x 9) 

rr, lieing always 120, - - - - 

Lastly, ^ - 

Substituting these values in the formula, we have 

xam s / 666 ^ ^ 4- 8 *76 — 2 *96 = 25 *22 lines, or a little less than 25 J lines. 

1408. In the model it was found that a thickness of 26 lines was necessary for the pier, 
and the lower voussoirs were connected with it by a cementing medium. Without which 
precaution the thickness of a pier required was little more than one tenth of the opening. 
Taking the square root of double the thrust, that is, of 666, we have 25*81, about the same 
dimension that the graphical construction gives. The experiments, as well as the applies 
tion of the rules, require the following remarks for the use of the practical architect. 

1409. I. The cassinoid, of the three curves just mentioned, is that which includes the 
greatest area, but it causes the greatest thrust. When the distance between the intrados 
and the extrados is equal in all parts, it will only stand, supposing the piers immoveable, as 
long as its thickness is less than one ninth part of the opening 

1410. II. The cycloid, which includes the smallest area, exerts the least thrust, but it 
can be usefully employed only when the proportion of the width to the height is as 22 to 
7 in surbased arches, and in surmounted arches aS 14 to 1 1. "fhe smallest thickness with 
which these arches can be executed, so as to be capable of standing of themselves, is a little 
more than one eighteenth of the opening, as in the case of semicircular arches. 

1411. III. The ellipsis, whose curvature is a mean between the first and second, serves 
i^ually well for all conditions of height, though it exerts more thrust than the last-men- 
tioned and less than tnc cassinoid. 

1412. It is here necessary to remark, that too thin an arch, whose voussoirs are equal in 
dep^h, may &11, even supposing the abutmeuto immoveable, and especially when surbased ; 



- ^ 16543*44 

- = 1.31*94 

- = 2lM2*94 

- = 355*50 

- = 2*96 

- = 8*7f5 
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because^ a^hea once the parts are displaced, the three of tl>e siTperlor parti may HR op tin 
lower parpi withoutdiaturbing the abutments. 


^ Raking Ardiet, 

1413. ACA^ (./^* 578.) be the model of a raking arch of the same diameter and 
thickness as the preceding example, the voussoirs of equal 
thickness, and the piers of different heights, the lowest l)oing 
10 inches or 120 lines in height, and the other 14^ inches or 
174 lines. The tangent at the summit is supposed parallel 
to the raking lines that connect the springing. 

1414. This arch being composed of two different ones, 
the mean circumference on each must be traced, and each 
has its separate set of lines, as in the preceding examples ; 
the horizontal line KL of the smaller arch is product to 
meet the mean circumference of the other in S, and the in- 
terior line of its pier in g, 

1415. The part KLS represents the horizontal force of 
the part of the arch KGS, common to the two semi-arches ; 
so that if a joint be supposed at S, the part LK represents 
the effort acting against the lower part of the smaller arch, 
and LS that against the lower part of the larger arch. 

These parts resist the respective efforts as follows : the 
small arch with the force represented by tK, and the 
greater one with the force represented by ^S. But as 
is greater than LS, transfer LS from ^ to / to obtain the difference /S, which will show 
how much LS must be increased to resist the effort of the larger half arch ; that is, the 
effort of the smaller one ^ould be equal to L/; but as this last requires for sustaining 
itself that the larger one should act against it with an effort equal to KL, this will bo 
the difference of the opposite effort, which causes the thrust against the lower part of 
the smaller arch and the pier from whence it springs. Hence, transferring /L from L 
to 9 , taking the half of iq and transferring it from L to A, the part AK multiplied by the 
thickness AB will be the expression for the thrust represented by p in the formula 



FJk- 578. 




**'412 ■ 


Having found AK«30J and AB«9, we have for the value of p .30J x 9«»274|, and for 
that of -549, d which represents IT, being 29^, 2;Kfsr 16195^. In 2»4C ; m, which repre- 
sents MK X AB, will be 12jx9nlll, and 2in«222. 

c, which represents t'K, being 8, we have 2mc«222 x 8 « 177G. 

The height of the pier represented by a being 174, we have 


g prf— Sw«c 


1G1954 -1776 

174 


- =82*81 


The vertical effort represented by 6, or TF x AB, will be 41J x 9«»375, 

and “ becomes - • - - - -=*2*15 

and ^ 4*64 

Substituting these values in the formula, we have 

Ttm V"549 + 82*81 +4 •64—2 *16 =23*08 for the thickness of the greater pier from 
which the smaller semi-arch springs. 

For the half of the greater arch, having produced the horizontal line IK'L', make 
KV equal to VL', and bisect rL' in f ; the line K't represents the effort of the 
smaller against the greater arch, which resists it with a force shown by i'K'; 
thus making K'q' equal to t'K, the effort of tlie thrust will be indicated by 
q't X AB, whose value p in the formula will be 


20 X 9*' 180, and 2/) - - - - *■ 360 

d, which is TI, being 69§, 2pd will - - 25080 

In 2mc, m being 26 x 9»234, and c being 23j^ 29ne •r10842 

а, the height of the smaller pier • - • « 120 

We haTo which become. .. 118-65 

б, which is TF x AB, will be 95§ x 9 - • 861 

§“f{i«»7*175» and § - - • 51*48 

Substituting these values in the formula, we have 


%<3604- 118*65 +51*48— 7*175 ■■15*855 lines for the thickness of the smoUet piet 

BB 
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raiklDg the sajiiarc root of double the thrust, we should luive for the larger pier 23 *44 lines, 
«nd for the smaller one 1 9 lines. In the geometrical operation, for the larger pier r^ke 
B« equal to /tK and Bn equal to 2AB ; then upon un as a diameter descril^ a semicircle 
cutting the horizontal line BA produced in E. BE will be the thickness of the pier, and 
will be found to be 23^ lines. For the smaller pier make B'«' equal to q't and B'n' equal 
to 2A'B'. Then the semicircumferenoe described upon un as a diameter will give 19 lines 
for the thickness. 

1416. By the experiments on the model 22 lines was found to be the thickness necessary 
for the larger pier, and 1 8 lines for the smaller oi.e. 


AreJi with a level Extrados. 


1417. ITie model of arch is of the same opening as the last, 

but with a level extrados, serving as the floor of an upper story, 'i he 
thickness of tlie keystone is 9 lines. To find the jdace of fracture or 
of the greatest effort; having raised from the point B the voitical BF 
till it meets the line of the extrados, draw the secant FO cutting 
the interior circumference at the point K, and through this point 
draw the horizontal IKL and the vertical HKM 

The part CDKF will be that which causes the thru'-t, and its effort 
is represented by 

KL, which will be found - - - = 

FII = 1 K, which is c in the formula, will be -=18-86 

The arch or circumference KD of 10° 36' - = 38-28 

The arch KB - - - - = -16 *.'37 

The arch DKB - - - - = 84 -85 

KH, represented by //, - - - = 22 

The vertical HKM- - - -=63 

'llie height of the pier, represented by a in the formula, = 183 


E F H C 



P 8 R 

riK 679. 


The area of the upper voussoir FKCD = 667*44 ; but as the load of the haunches is borne 
by the inferior voussoir, we must subtract the triangle FKH = '-’“o*'^ = 207*46. Tlie 
remainder 459*98 multiplied by KL and divided by the arc KD, that is - — 

422*24, represents the effort of the upper part. 

1418. 'Jliat of the lower part, represented by which becomes 

263*67* ITie difference of the two efrortss=:158*57 will express the tin list or p of the 
formula, and we have 2/) 31 7 *1 4. 

1 41 9. The piers being supposed to be continued up to the line EC of the extrados will be 
greater tlian the arm of the lever of the thrust which acts at the point K. 'riuis the ex- 
pression of the arm of the lever, instead of being a + «/, as in the preceding exanqiles, will be 
« — d, and the sign of ^ must be changed. In numbers, — = 38 *1 2 ; therefore, in the 
formula, + ^ becomes - 38 -1 2. 

1420. In the preceding examjdes, 2mc, which represented double the vertical effort of the 
superior voussoir multiplied by the arm of its lever, becomes nothing, because it is comprisi^d 
in the addition made to the lower voussoir; so that the foimula now is 


6, then, which always expresses the vertical effort of the half arch, is tlierefore 
^ 84^~" = 824 *94 ; and for ^ we have 5 = 4 -5, and ^ 20 -25. 
Substituting these values in the last formula, w e shall have 


-v/319*14~38 12 + 20*25-4*5 = 12*88 lines. 

Experiment gives 14 lines as the least thickness that can be relied on. 

To find the thickness by the geometrical method, make Km equal to IK and BA equal to 
mL, Bn to double CD, and upon nA as a diameter describe the semicircuinfereiice cutting 
the horizontal line OB produced in A : then BA = 17J| lines is the thickness sought 

1421* Ilondelet proves the preceding results by using the centres of gravity, and makes 
the rewlt of the operation 12*74 instead of 12*80, as first found. But the difficulty 
of finding the centres of gravity of the different parts is troublesome ; and with such a 
concurrence of results we do not think it necessary to enter into the detail of the opeia- 
tion. 



Chap* ll 


PIERS AND VAULXa 


A diffisrent AppUcaUon of the preceding Example, 

1422. The model (Jig. 580.) is an arch similar to that of the pre- 
ceding example, having a story above it formed by tvro walls, 
whose height is 100, and the whole covered by a timber roof. 
The object of the investigation is to ascertain what change may 
be made in the thickness of the piers which are strengthened in 
their resistance by the additional weight upon them. 

1 423. The simplest method of proceeding is to consider the upper 
walls as prolongations of the piers. 

1424. In the model the walls were made of plaster, and their 
weight was thus reduced to j of what they would have been if of 
the stone used for the models hitherto described. The roof weighed 
12 ounces. We shall therefore have that 100, which in stone would 
lave represented the weight of the walls, from the difference in 
weight of the plaster, reduced to 75. In respect of the roof, which 
weighed 1 2 ounces, having found by experiment that it was equal 
to an area of 576 lines of the stone, both being reduced to equal 
jthicknesses, we have 12 ounces, equal to an area of 13*82 whose half 
6 ‘91 must be added to that of the vertical efforts represented by b in 

^ and Changing these terms into* and the formula becomes 


^ a ^ a* a 



The height of the piers or a in the formula's 183 + 75 = 258. 

p does not change its value, therefore 2/> (as in the preceding Fi ~'580 

example) = 265 *86. 

df the difference between the height of the pier and the arm of the lever, will sr; 75. 

Hence, = 

A, becomes 750*69 + 691 =1441*69. 


lirust, and taking 


Again, = 31 *22. 

Substituting these values in the formula, we shall liave , 

X = -v/265 *86 - 77 *28 + 31 *22 - 5 *58 = 9 15. 

In the model a thickness of 11 lines was found sufficient to resist flPRirust, and taking 
the root of double the thrust the result is 1 3 lines. 

1425. By the geometrical method, given in the last, taking from the result 17^ lines, 

there found, the value of that is, 5 *58, the remainder 11} — 

lines is the thickness sought. 

1 426. It may be here observed, that in carrying up the 
walls above, if they are set back from the vertical BF 
in A/, the model required their thickness to be only 6 
lines, because this species of false bearing, if indeed it 
can be so called, increases the resistance of the piers. 

This was a practice constantly resorted to in Gothic 
architecture, as well as that of springing pointed arches 
from corbels, for the purpose of avoiding extra thickness 
In the walls or piers. 




Another Applicatiov of the Principfe^t to a differently 
comtrucied Arch. 

1427. I'he model (Jig. 5 81.) represents an arch of 11 
voussuirs whereof 10 are with crossettes or elbows, which 
give them a bearing on the adjoining horiiontal couisos; 
the eleventh being ^e keystone. Tlie opening is 9 inobes 
or 1 08 lines, as in the preceding examples. 

1428. Having drawn the lines BF, FC, the secant FO, 
and the horizontal line IKL, independent of the ffv<a 
courses above the line FC of the extrados, we have 

B B 2 
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KL « SO‘73 
IK «. 23-27 
OCcBF - 78-00 
The arc KD » 82-70 
The arc KB » 52*15 
KG » 33-59 
2, the height of the pier, ««198-00. 

JThc area KFCL of the upper part of the arch will be 1223*10, from which subtracting 
that of the triangle FKG, which is 590*82, the remainder 832-28 being multiplied bj 
30*73 and divided by 32-7 makes the effort of this part 782-44. 

1429. Tlie area of the lower part is 697*95, to which adding the triangle FKG« 390*82; 
we have 1038*77, which multiplied by 23-27 and divided by 52-1 5 , gives 485-82 for its 
effort The expression of the thrust, represented by p in the formula, 


1 \/ 2/1— ^ + being equal to the difference of these two efforts, 

will be 296*62, and twice p • • =593*24 

representing KG, being - - 83-59 

W3 have 2/jd= 19926-93, and - *=100-64 


1921x78 


5, representing the sum of the effoits of the semi arch, will be — 
b 1762 1 M 

198 at “ “ “ 

Substituting these values in the formula, we have the equation 


= 1762-03 
79*21 


-v/593-24- 100*64 + 79*21 -8*9 = 15*01. 


By taking double the square root of the thrust the result is 23 91, a thickness evidently 
too great, because the sum of the vertical efforts, which are theiein neglected, is con- 
tiderablc. 

1430. The geometrical method gives 19 lines. TTie least thickness of the piers from 
actual experiment was 16 lines. 

1431. llondelet gives a proof of the method by means of the centres of gravity, as in 
some of the preceding examples, from which he obtains a result of only 13-26 for the thick* 
ness of the piers. 


Consideration of an Arch whose Voussoirs increase towards the Springing. 


no4^*/f^. 582.) has an extrados of segmental form not 
thickness increases from the 


1 432. 'llie me 

voncentric witht^, . ^ 

crown to the spi| | i|i£ The opening is the same as before, namely, 

9 inches, or 1 08 iflfflc The thickness at the vertex is 4 lines, towards 
the middle of the haunches 7^ lines, and at the springing 14J lines. 

The centre of the line of the extrados is one sixth part of the chord 
AO below the centre of the intrados ; so that 

The radius DN = 68*05 
KL»38 18 
IK = 15*82 

{See l.SOO, obs. 22, and 1441). Tlie arc BK = KC = 42*43 

1433. The area KHDC of the upper part of the arch is 258*75, 

that of the lower part BAHK 486*5 ; hence the effort of the upper 
part is represented by the expression — = 232 -47. 

1434. The half segment A Be being supposed to be united to the 

pier; BeHK, whose area is 178, is the only part that can balance the 
upper effort; its expresnon will be 66-24. The difference 

of the two efforts 166*23 will bo the expression of the thrust represented bv o In 
fiirmula / F ™ 



ths 


Thus 2pm 

IB*=KL, indicated by d, - - • 

Which makes the value of 2pd • • . 

The vertical effort of the upper part bdicatedby w — 

and for 2pm 

The value of c bidng 15*82, we have 2mc 


332-46 

38*18 

12693-92 

96-30 

192-60 

8046-50 
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Hio lK4ghC <rf tti® piers bding still 120, tre have 
tpd^ime 1M931)2— 3046‘6 

a “ W 

ht which indicates the vertical eflTort of the half areh repra* 
ncnted by FB, will be 

b 478'48 

S-’W - - - . 

and-^ 

«* 

These values being substituted in the formula, will give 

x=: ^/ 332-46 + 80*39 + 15*56 - 3*95 « 16*74 lines. 


80*39 

4734S 

335 

15*56 


1 435. The smallest thickness of pier that would support the arch in the model iraa 
1 7^ lines. 

1436. With the geometrical method, instead of the double of CD, make BA double the 
mean thickness 11 K, and Bn equal to mL, and on nA as a diameter describe the semicir* 
cumference cutting OB produced in E ; then EB = 18J lines will be the thickness sought. 

1 437. If the pier is continued up to the point e where the thickness of the arch is dis- 
engaged from the pier, the height of the pier represented in the formula by a will be 1 51 *5 

instead of 1 20, and the difference 5, instead of being will be only ~ 

= 277-46. 

1 438. d, expressed by le, will be 6*5, all the other values remaining the same as in tbi* 
preceding article, the equation is 

x= v'332-46-5‘71 +4-2=16-21. 


1439. Using the method by means of the centres of gravity, Rondelet found the result 
for the thickness of the piers to be 15 '84. So that there is no great variation in the dif- 
ferent results, 

1440. In the preceding examples arches have been considered rather as arcades standing 
on piers than as vaults supported by walls of a certain length. We are now about to con- 
sider them in this last respect, and as serving to cover the si)ace enclosed by the walls. 

In respect of cylindricd arches supported by parallel walls, it is manifest that the re- 
sistance they present has no relation to their length ; for if we suppose the length of the 
vault divided into an infinite number of pieces, as C, D, E, &c. ( ftp, 584. No. 2.), we shall 
find for each of these pieces the same thickness of pier, so that all the piers together would 
form a wall of the same thickness. For this reason the surfaces only of the arches and 
piers have been hitherto considered, that is, as profiles or sections of an arch of any given 
length. Consequently it may be said that the thickness of wall found for the ])rofile in 
the section of an arch would serve for the arch continued in length infinitely, supposing 
such walls isolated and not terminated or rather filled by other walls at their ends. When 
cylindrical walls are terminated by walls at their extremities, after the manner of gable 
ends, it is not difficult to imagine that the less distant these walls are the more they add 
stability to those of the arch. In this cose may be applied a rule which we shall hereafter 
mention more at length under the following section on Walls. 

1441. If in any of the examples (jf?y. 582. for instance) PIl be produced indefinitely to 
the right, and from R on the line so produced the length of the wall supporting the arch 
be set out, and if from the extremity of such line another be drawn, as TB produced 
through B, indefinitely towards a, and be made equal to the thickness of the pier first 
found, a vertical line let fall from a will determine the thickness sought When arches 
are connected with these cross walls, the effect of the thrust may be much diminished if 
they are not very distant. If there be any openings in the walls, double the length of 
them must be added to that of the wall as well as of 
any that may be introduced in the gable wall. 

1442. Fig, 583. represents the mode in which an arch 
fails when the piers are not of sufficient strength to resist 
the thrust : they open on the lower part of the summit at DM 
and on the upper part of the haunches at HN ; from which 
we may infer that the thrust of an arch may be destroyed 
by cramping the under side of the voussoirs near the 
summit and the upper side of those towards the middle of 
the haunches; and this method is greatly preferable to 
chains or iron bars on the extrados, because these have 
no effect in preventing a &ilure on the underside. Chains 
at the springing will not prevent failure in arches whose 
voussoirs are equal depth but that too small, iiuismuch 
as there is no counteraction from them against the bulging 
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; that takes place at the haunches, like a hoop loaded when its ends are fixed. The most 
advantageous position for a chain to oppose the effort of an- arch is to let it pass through the 
^ point K'where the efforts meet PC is the tangent before failure, and O the centre ; R 
being the inner point of the pier. 


or coMrouNi) vaulting. 

1443. M. Freaier, in speaking of the tlirust of this sort of arches, proposes, in order to find 
the thickness of the piers which will support them, to find by the ordinary manner tlie 
thickness suitable to each part of the cyUn> 
drical arch BN, BK (No. S.'jity. .584.) by 
which the groin is formed, making BE the 
thickness suitable to the arch BN, and BF 
that which the arch BK requires ; the pier 
BEHF would thus be able to resist the 
thrust of the quarter arch OK BN. Ac- 
cording to this method we should find tlic 
bay of a groined arch 9 inches opening would 
not require piers more than 21 lines square 
and 1 20 lines high ; but experience proves 
that a similar arch will scarcely stand with 
piers 44 lines square, the area of whose bases 
are four times greater than that proposed by 
M. Frezicr. 

Method for groined Vaulting, 

1444. The model in this case (see the 
‘ last figure) is 9 inches in the opening, vous- 

soirs equally thick, being 9 lines, standing 
upon fbur piers 10 inches or 120 lines 
high. 

1445. T^e groin is formed by two cy- 
lindrical arches of the same diameter crossing at right angles, as represented in No. .3. of the 
figure. TIic four portions of the vault being similar, the calculation for one pier will 
be suflficient. 

1446. On the profile No. 1.‘ of the figure describe the mean circumference TKG, draw tbo 
tangents FT and FG, and the secant FOand the horizontal line IKL. Draw the vertical 
Bi, and NG and KI on the plan (No. 3.) equal to KL 

1447. In the foregoing examples foi^^rches and cylindrical vaulting there has been no 
necessity to consider more than the surface of the profiles, which are constantly the same 
throughout their length ; but the species of vault of which we are now treating being 
composed of triangular gores whose profile changes at every point, we shall be obliged to 
use the cubes instead of the areas of squares, and to substitute surfaces for lines. Thus in 
viewing the triangular part KBO, ||p,;inm of the horizontal efforts of the upper part of 
this portion of the vault, representeCrTO the profile by KL, will be represented in plan by 
the trapezium KILO. 

1 448. The sura of those of the lower part iK in the profile is represented in plan by 

BIL. The thrust is expressed by the difference of the area of the trapezium and of the 
triangle multiplied by the thickness of the vault; thus, KB and KO of the plan being 54, 
the superficies of the triangle BK O will be 54 x 27 = 1458 ; the part BK of the plan being 
equal to IL, and to tK of the profile the area of the triangle BIL, indicating the 

^um of the horizontal efforts of the upper part, will be 12,®j x 6^=^79|^. 

1449. We obtain the area of the trapezium KILO by subtracting that of the small 

triangle BIL from the greater triangle BKO, that is, 7943 1458 ; the remainder 

1378-^ gives the horizontal effort of the upper part ; lastly, subtracting 7943 1378il|, 

tlic remainder 129H-((| will be the expression of the thrust whose value is found hy multi- 
plying 1298-ft by 9«ll683j, which is the p of the formula. 

Letting a always stand for the height, and d for TI of the profile, the arm of the lever of 
the thrust will, as before, be a -f d, and its algebraic expression be pa + pd. 

1450. llie pier resists this effort by its cube multiplied by the arm of its lever. If the lines 
K B and OB of the triangle BKO, (which represents the projection of that part of the vault for 
which we are calculating) be produced, it will be seen tF.at the base of the pier to resist the 
th|rust will be represented by the opposite triangle BHF, which is rectangular and isosceles ; 

therefore, letting x repre8cnt4ts side BF, the area of thetritngle will be expressed by ^ the 
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^'e'.gUt of the pier being a, its cube will be The arm of tlie lever of this pier will be 
determined by the distance of the vertical let fall from Its centre of gravity on the line 
H F OB '• which gives for the pier's resistance 

1451* This resistance will be increased by the vertical effort of each part of the vault 
multiplied by the arm of its lever. 

That of the upper part will be expressed by its cube multiplied by the vertical KM 
and the product divided by the mean arc KG. 

The cube of this part will be equal to the mean area; that is, the arc KG multiplied 
by the thickness of the vault. 

1452. To obtain the mean area, multiply KG less KM by the length GO taken on^ 
plan. The length of the arc KG being 46 and KM 17j, we shall have KG— KM 
GO being 54, the mean area will be 281} x 54 =i 1358. This area multiplied by 
thickness of the vault, makes the cube of the upper part 1 4024 which multiplied 
KM = 17| and divide^ by the arc KG»46, makes 5226} the value of the vertical el 
of the part of the arcb^m in the formula ; and the arm of its lever is IK + tH. 

1453. IK being <=0 and tHssar, its expression will be mx + mc. ^ 

The vertical eftbrt of the lower part will be represented by its cube multiplied by TI, 
and the product divided by the length of the arc TK. 

This cube will be found by multiplying the mean area by the thickness of the vault. 
The area being equal to the arc TK — TIxGO, that is, 46 — x 54a=:250iJ for the 
mean area and 2'>0f x 9 — 225611 for the cube of the lower part of the vault This cube 

multiplied by TI and divided by the arc TK gives ??5?^i-lWxs2028j for the value of 

the vertical effort of the part n of the formula. And it is to be observed, that this effort 
acting against the point B, the arm BF of the lever will be x and its expression nx. 

1454. Bringing together all these algebraic values we obtain the equation />a+jpd=^ 

+ mx + mc + nx; and making m + n, which multiplies x— 3, we have +3x + 

me. Transferring me to the other side of the equation, we have jw* +/>d— mce=~ +3x. 
Lastly, multiplying all the terms of the equation by ^ for the purpose of eliminating x% 
we shall have instead of the preceding formula 6p + ~ which is an equation 

of the third 4^g>^ee, whose second term is wanting. For more easily resolving this equa- 
tion, let us find the value of + and that of by which x is multiplied in the 

second part of the equation. 


p being 11683^, 6p will be 
d being 41-^, 6pd will be 
m being 5226|, 6mc 


- « 70069iJ 

. « 28991 242 

• ^ 537598} 



riius and 6p + ®^~®’"®-89779|, will call ^ 

for the purpose of simplifying the remainder of the calculation. 

3, which represents m 4 - n, will be 5226J + 2038§ = 7255J, and 362} ; this we will 

call /; so that instead of the equation 6p + arS we have y -axS +/c, which is 

thus to be resolved (Bossut, Clemens (TAlgShre) * — 

Substituting in this formula the values of g and/; we have 


X- 1^448891+ V2015073623 + 1767902 + ^44889|- ^2015073623-1-1767902 

« ;^44889} + 44909f+ V448891- 44909?, from which extracting the cube roots, we have 
ar=s44|--2}«42 for the length BF of one of the sides of the triangular pier BAF; the 
other FA may be determined by the production of the diagonal or line of groin OB. 

The part of the pier answ^ering to the part of the vault BNO is determined by draw- 
ing from the points B and A the parallels BM and MA to FA and FB. These two 
triangles will form a square base, each of whose sides will be 42 lines, answering to one 
quarter of the vault KBNO ; thus, to resist the thrust of the vault, four piers, each 42 lines 
thick, are necessary. 

1455. The above result corresponds in a singular manner with the experiments which 
were made by Rondelet, from which he deduced a thickness of 43| lines. In his investi* 
Ration of the example by means of the centres of gravity 40*53 lines was the result Our 
bmits prevent further consideration by other examples: we will merely therefore observe, that 
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the method shore givoi^ teem to be « ssfe gM to the erchiieet h iiecmotMoag 
lu^cbes, tli» rcwUti must be obeaiiied for each aide. , . . . « i .. 

1 4S6. la the case of groiningi composed of many bays, tlie chief care neeemry it in uit 
external piers, which nill require eapeciaJly to be of suffivient thickness. Those in the 
middle, being counterbalanced all round, have only to bear the weights of their respective 
archeSf for which purpose they must have a proportional area and be of such stone as the 
weight will not crush. But it ought to be recollected that in good construction tiic area 
of the points of support should be so distributed as to establish for eadi a sufficient strength, 
because a single weak point will often endanger the whole fabric. 

1457. In practice, a readier method will be wanting than that which Has been Just dis- 
cussed ; wc therefore subjoin one which agrees well enough witli theory and experiment, 
and it is as follows. X^t ABCD (JIg.SSS, No. 1.) be the space to bo covered by a 
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giomcd vault supported in the centre by the pier E. Dividing each side into two equal 
parts, draw the lines HI, FG crossing each other in the centre £, and the diagonals AE, 
KB, EC, ED and HF, HG. IF, IG crossing each other in the points K, K', K", K'''. 
In No. 2, draw the pier its half height to the level of the springing, which half height 
transfer from K to L, and divide EL into twelve parts.' One of these parts will be a half 
diagonal of the pier. For the intermediate piers H, F, I, G, after Bn^ng the diagonals of 
the half piers, produce them outwards to double their projection within, so that altogether 
their thickness may be once and a half their width. For the angular piers this method 
will give an area of base 1 ) times greater, which will enable them to resist tlie thrust they 
have to sustain. ^ 

1458. When the vndth of the space to be vaulted is to be divided into three bays, and 
that of the middle is required to be raised above those of the other two, as in the case of 
churches ivith side aisles, the bases of the points of support may be determined in two 
ways. That most used, wliich is borrowed from the G(^io examples, is to give to the 
ureas of the Vases of the points of support merely^ th^ extent necessary to bear the load they 
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are to receive, by throwing the itnuo of the thrust ttfiuif 4tie estevnsl j^ett by tnetns o{ 
flying buttresses, and giving to their points of support a poiitioii and surfilee (flTbase eapaUe 
of eft^tual resistancik 

1459. The most simple method derived from the principles ci the theory for the first 
ease is as follows : — 

Having laid down the plan of the two bays which fiJl upon the same pier (Jip. 58fl, 
No. 1.), take one half of the sum of the two semi-diagonals AD, AE, to which add one 
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half of the height of the point of support, and taking a twelfth part of the whole os a 
radius, describe a circle as A, No. 1, it will show the surface of the base of the point of 
sapport. If it be not circular it must be circumscribed with tlie form that may be required, 
so as rather to increase than diminisii its solidity. For the exterior point of support B, let 
a rectangle be formed, having for its width the side of a square inscribed in the preceding 
circle, and in length double. 

146a Above the rooft of the sides a flying buttress may be carried up, whose pier may 
be raised on that below, set back one sixth from the exterior face and sloped as much on 
the interior. The line of summit or tangent of tins flying buttress, which should be of the 
single arc of a circle, will be determined by the chord of the arc of the upper part of the 
vault produced indefinitely. To find the centre, draw the chord GH (No. 2,), on the 
middle of which raise a perpendicular, which will cut the horizontal line GF in the 
pomt I, which will be the centre of the arc. lliese raking arches may be connected by 
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other return arches, which may bear a floor above with a support, upon wl licit a passage 
round the building may be made, and this may be concealed by an attic order outside 

1461. In the second case, the base of a pier must be found capable of resisting the effort 
of the great middle vault of the nave, by taking as the height of its pier the distance fVoni 
its springing from the upper side of the side vaults No. Q,, and laying the half of this height 
fcom B to H on the plan No. 3. Then having divided IH into twelve equal parti, make 
1 A equal to one of them and AF equal to two. The rectangle made upon diagonal 
FI shows the area of the interior pier, to which are to be added, to the right and left, pro< 
jections to receive the arches of the sides. The length FD is to be divided into six equal 
parts, whereof two are for the projection of the pilaster or interior half column, upon which 
the entablature is profiled, three for the thickness of the wall, and one for the pilaster on 
the side aisles, whose prolongation will form a counterfort above the lower sides. 

1462. For the external pier B, as before, one half the height to the springing must be 
transferred from EG, and X of BG from B to L; lastly, from B to K : the rectangle 
formed upon the diagonal KL is equal to the area of the pier. We must add, as for that 
in front, the projections to receive the arches or windows, as shown in No. 2. 

H63. As long as the intervals between the piers are filled in with a wall, if that be 
placed flush with the outside, the piers will form pilasters inwards {Mefig. 585.), as ihefi 
whose projection e/is equal to one half of the face he\ this wall ought to have a thickness 
equal to he ; but if it is brought to the inner line of tlie face of the piers they need be 
only two thirds of the thickness ; so that the piers will form counterforts on the exterior. 
In conclusion, knowing the effort of the thrust, the calculations will not be attended with 
difficulty in providing against it by adequate means of resistance. 

ON TIIK IIODEL OF A COVED VAULT. 

1464. The model {fg 587. Nos. 1. and 2.) is 
square on the plan, each of its sides is 9 inches in* 
teinal measure, enclosed by a wall 10 inches high to 
the springing of the vault. The vault is semicircular 
in form, the voussoirs throughout 9 lines thick, and 
it is composed of seventeen parts above the line of 
greatest effort (see 1391 ), as shown in Nos. 1. and 
2. in the plan and section. On one of the sides of the 
first is supposed to be traced tlie mean circumference 
TKG, the tangents FT, KG, the secant FO, the 
horizontal line IKL, and the verticals Bi and MK. 

Wc may now therefore consider this vault as four 
triangular pieces of cylindrical arches, each resting 
throughout the length of their base on one of the 
walls which forms the sides of the square. As the 
portions of arches or vaults arc equal, it is only 
necessary to take one of them for an example 

1465. In the last example, cubes are taken in* 
stead of the surfaces, and surfaces instead of lines. 

Thus expressing the length of the wall by/, its height 
by a, and its thickness by x ; the arm of the lever 

being always its resistance is expressed by a/r^. 


FIk. 587 . 


Making the thrust « - - - 

EH*TI = KL-KV . . . • 

PH 

The sum of tlie vertical efforts of the upper part - 
That of the lower parts - - - - « n 

The part IK of the horizontal line • - - «c 

'J*Ba= half the thickness of the arch - - - 

'llie arm of the lever Will he - - - «c + jr 

TE *»4P— ^ 


The equation is pa + pd®* + (m + n) x - «€ + lac ; 
and making m-f nw6, 

«pa +pa + ii«— *U! 
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1466. however, we suppose the effort to take place at the p<^nt B, a sup position 
nitherto made in the formuUe, we have « aro, and the value of x beoomea ^ 

« i/2p . 2ptl-^*dmc . b 

**'“ /'*■ 

1 467. The horizontal effort of the upper part, represented by the line KL, will be expressed 
l#y the triangle eEd of the plan ; that of the lower part t'K in the section will be expressed 
by the trapezium eBOi on the plan. 

1468. The plan of the vault being square, the base ed will be double £y «> KL of the 

section ; and the area of the triangle cEd equal to the square of KL«a41-^ x 1710^. 

1469. £a of the plan being equal to the square of 54 less the square of 41 A, that 
is, 12061, the superior effort being 17l0if. their difference is 504, which being multiplied by 
the thickness of the vault, or 9, is 4536 for the expression of the thrust represented by o in 
the formula, and for that of 

2;) *9072 and ^ = 84, 

d, which represents IT, being 41^, 2;)das3751 92. 

1 470. To obtain the vertical effort of the upper part of the arch rcprcsi^ted by m, ita 
cube must be multiplied by KM, and the product divided by the arc KG. 

1471. Tile cube of this part is equal to the curved surface passing through the middle of 
its thickness multiplied by the thickness, llie mean area is equal to the product of the 
length nq taken on the plan multiplied by KM. 

nq being 1 1 7, and KM 1 7j, the product expressing such mean area is 2005i}, which 
multiplied by 9 makes the cube 18051|. This cube again multiplied by KM*=17j, and 
divided by the length of arc £0 = 46, gives 6727 for the value of m, and for 2m 13454; 
c being 1^,, 2mc = 170100f 

2^-2mc^375192 -170100}^, e.gg 
af “ 120x108 

b, representing the vertical effort of the half vault, will be expressed by the cube multiplied 
by 13/=58J, and divided by the mean circumference TKG=:92. 

1472. To obtain the cube, the mean superficies, that is, nqx B/ or 117 x 58 J, is to be 
multiplied by the thickness AB = 9, which gives 6844J x 9=61600j. 

This cube multiplied by B/=58i and divided by the mean circumference TKG 
»«92, that is, 6 1 600J x ^^^*=39169-88, for the value of b, and for that of f|jf^l^»*3 02 
and =9'1 2. Substituting these values in the formula, 



Hence ^84 + 15*82 + 9*12-302 = 7 *41 ; 

that is, a little less than 7^ lines for the thickness of the walls, which is less than that of the 
vault; and shows that by giving the walls the same thickness as the vault, all the requisite 
solidity will be obtained. This is proved by experiments, for in the model the vault was 
borne equally well on walls of 9 lines in thickness divided into 8 parts, as upon 1 2 Doric 
columns whose diameter was 9 lines, four being placed at the angles and eight others under 
the lower part of the vault. 

1473. To find the thickness of these walls by the geometrical method: Take the 
difference between the area of the triangle BEC and that of the triangle Eed, which 
divide by the length BC. 

Thus, the area of the greater triangle being -^^^^=2916; that of the smaller one, 

1710*4 ; their difference, 1205*6 divided by 108 — 1 1*16^ which transfer to the 

profile from B to A, and make Bn equal to the thickness of the vault. Upon nA, as a 
diameter, describe a semicircle, which at its intersection with the horizontal line BE will 
determine the thickness of th^ vault, and be found to be 10 lines. 

1474. The small thrust of this species of vaulting occurs on account of the upper part, 
which causes it, diminishing in volume in proportion as the horizontal effort becomes more 
considerable, and liecause the triangular form of its parts and their position give it the 
advantage of having the larger sides for bases ; whilst, in groined vaulting, the triangular 
parts resting only on an angle, the weight increases as the horizontal efforts. 

, 1475. Moreover, as the ret'orn sides mutually sustun each other, a half vault, or even a 
quarter vault, on a square base, would stand if the walls were 10 lines thick, proving that 
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the opposite parts, acting little more than against each other, the thrust becomes almost 
nothing. 

1476. By the method of the centres of gravity, Rondelet found a result less than that 
above given ; but that arose from neglecting some points in the calculation which it was 

* lblt to introduce fbr general practice. 

fr?. It is obvious that in the above application great allowance must be made when 
apartment to be vaulted is not square ; that is, its advantages diminish as the two 
opposite sides become longer than the width, and when the length is twice the width, or 
even much less, the thrusts must be calculated on the principle of cylindrical vaulting ; 
and as in this species of vaulting the greatest effort occurs in or towards tlie middle of 
the sides, opening for doors and windows should there be avoided. 


Applioatioa of the Method to Spherical (or dmical) Vaulting. 

147?. The models {Jig, 5S8. Nos. 1. and 2. and Jig, 589. Nos. 1. and 2.) were of the 
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same opening as the last mentioned. They are cut into ei^lit equal parts by vertical 
planes crossing each other in the axis; each of these parts is subdivided by a joint at 
45 degrees, altogether forming sixteen pieces. The vault stands on a circular wall of the 
game thickness divided into eight parts corresponding to those of the vault. All the parts 
are so arranged as to form continued Joints without any bond, in order to give the 
experiment the most disadvantageous result. Yet it stood hrmly, and was even capable of 
bearing a weight on the top. 

1479. If for these eight pieces of circular wall we substitute eight columns of equal 
height, as in No. 1. Jig, 589., so that the vertical joints fall over the middle of each column; 
the vault will still stand, although the cube of these columns, as well as their weight, 
occupies only one ninth part of the circular wall for which they are substituted. 

From this it is evident that spherical vaults, i.e., domes, have less thrusts than coved vaults. 

1 480. Applying the method of the preceding examples, describe the mean circumfercnca 
{Jig. 588, Nos. 1. and 2.), draw the tangents TF, GF, the secant FO, the horizontal line 
IKL, and the verticals KM and Bt ; lastly, calculating for one eighth of the vault, take the 
sector Ohm to express the horizontal effort indicated by KL, and the part HAM»i to express 
the horizontal effort of the lower part. 

1481. llie difference of the.se areas multiplied hy the thickness of the vault will be the 
expression of the thrust p of the formula. 

1482. The radius 0//i of the sector being 41 and its length 32.^, its area will be 672A. 

1483. The area of will be equal to the difference of the two sectors OH^I 

and OAm, whereof the first is equal to the product of half OM»27 by the arc HM«42^ 
or 1145|, the second «672^ ; wUeitce the difference w473j§. 

1 484. Tlie thrust, being equal to the difference between 672j*j and 4/ SfJ, will be 198^ x 9( 
llierefore p*786|[|. 
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1485. ft representing the derelopement of one eiglith part of the circular wall, wiH be 

42}, whence Jn 42. </, the diiference between the arm of the lever and the height of 

the pier, being 41^, we shall have prf« 73897}. 

1 486. To (^tain the value of me we must first find that of m, which represents the vertical 
effort of the upper part of the vault, and is equal to the cube of this part multiplied by 
KM and divided by the arc KG. This cube Is equal to the difilerence of the cube of the 
sector of a sphere in which it is comprised with that which forms its interior capacity. We 
will merely recall here to the reader's recollection from a previous page, that the cube of 
the sector of a sphere is equal to the product of the superficies of the sphere whereof it 
forms a part by one third of the radius, and that this superficies is equal to the product 
of the circumference of a great circle by the line which measures its depth. Thus the 
area of the great sector OllCr (/p. 588. No. 1.) is equal to the product of the great circle, 
whereof Aa is the diameter =126, by CS>«18.(\, which is 7308, and its cube 7308 
X 21 = 153468. 

1487. ^riie area of the small sector ONDn will be equal to the product of the great 
circle, whereof B6 is the diameter =108 by VDs=15i^, which gives 5369}}, and its cube 
by 5369}} x 18 = 96648}}. Deducting this last cube from that of the great sector already 
found =153468, the remainder 56819 will be the cube of the upper part of the vault 
forming the cap, whose eighth part 7102} will be the cube sought, which multiplied by 
KM = 17} and divided by the arc KG =46, gives 2646| for the value of m in tlse formula; 
c, which represents t’K, being 12-^, we have 

wic = 33461} ; pd-mc will be 73897} -33461} -404 36}; 

*9*^ -7-92. 
qf ' 120x4*1 

1488. ® In the preceding application to the model of the coved vault, the walls being 
straight, the distance of their centre of ^avity from the point of support was equal to hall 
their thickness ; in this, the wall being circular, its centre of gravity is so much more distant 
from the point of support as it takes in more or less a greater part of the circumference of 
the circle. By taking it only the eighth part, the centre of gravity falls without the thickness 
of the walls, by a quantity which we shall call c, so that the arm of the lever, instead of 
being will be c + x, which changes the preceding formula to 

a/x (c + x) + 5x —pa +pd— me; 
arranging with reference to x, this becomes 

q/x* + (ea/ + 5)x=pa +pd— me ; 

whence we obtain x^ + (c + and making c + ^=2A, we shall have 

X- A2 - A. 

b expresses the vertical effort of an eighth part of the vault equal to its cube, multiplied by 
the vertical B/, and divided by the mean circumference TKG. This cube is equal to an 
eighth of the sphere, whereof Aa is the diameter, less that of the eighth part of a sphere 
whose diameter is B6. 

1489. The diameter Aa being 126, the eighth of the cii;cumference of a great circle will 
be 49}, which, multiplied by the vertical axis, which in this case is equal to the radius or 
63, gives for the area of one eighth part of the sphere 3118}, and for its cube 3118} x 21 
«« 65688}. 

1490. The diameter Bb being 108, an eighth part of the circumference of the great circle 
will be 42}, which, multiplied by the radius 54, gives for the area 2291}, and for its cube 
2291} X 18— 41240}; taking the smaller of these cubes from the greater, the difference 
24447}] will be that of this eighth part of the vault, which must be multiplied by B/— 
58}, and the producf H30203j|, divided by the mean arc TKGw91}; the quotient 15558 
expresses the vertical effort of the eighth part of the vault, represented by 6 in the formula. 
'Whence |-.]g-305. 

e being 2*51, we shall have for the value of h 2*78 and A«3 b7‘72. 

Substituting the values thus found in the formula 

we Utb V'42 + 7-92 + 7-72-2'78- v'57«4-2-78 = 4-72. 

By using the method of the centres of gravity, Rondelet found the result rather less than 
that just founfo 

2491. The result of all these calculations induce the following foots: — I. That for a 
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cylindrical vault, whose length U equal to its diameter, the area of tho ivro 
poraliel walls is 4698. II. That that of the four square piers supporting a groined arch ii 
11156. III. 'i'hat of the four walls of the coved vault, the area should be f^425§. IV. That 
that of the spherical vault is 1 238^. 

1492. In respect of the opening of these vaul^ which is the same for all the examples, 
t.^3ung the area of the circular wml for the spherical vault at 1 , 

That of the walls of the coved vault will be a little less than 3. 

Tliat of the cylindrical vault - - less than 4. 

' That of the groined arch - - less tlian 6. 

But if we look to the space that each of these vaults occupies in respect of walls and 
points of support, we shall find that in equal areas the walls of tlie cylindrical vault ii<iU 
be of such space . 

Those of the coved vaulting less than - - } of such space. 

TTie piers of the groined arch a little more than - j — 

Tlie circular wall for spherical vault a little more than ^ — 

So that, if we suppose the space occupied by each of these vaults to be 40(), 

The walls of the cylindrical vaulting will be 115 
Those for the coved vault - *91 

T'he piers for the groined arch - CO 

The circular wall for the spherical vault - 48 

Which figures therefore show the relative proportions of the points of support necessary In 
each case. 

1493. It is a remarkable circumstance that by the formula the coved and sjiherical 
vaults give to the walls a less thickness than that of the arch. But although experiment 
has verified the formula, we cannot be supposed to recommend that they should be made 
of less thickness in practice ; hut we see that, if of the same thickness, considerable open- 
ings may be used in them. Irregular as well as regular compound vaults being only an 
assemblage of the parts of more simple ones, if what has already been said be well under- 
stood, and the examples given have been worked out by the student, he will not be much 
at a loss in determining the efforts of all sorts of vaults. 

On the adhesive Power of Mortar and Pusstie ufon Stones and Bricks. 

1 494. The power of mortar and plaster will of course be in proportion to the surface 
of the joints, compared with the masses of stone, brick, or rubble. Thus a voussoir of 
wrought stone, one foot cube, may be connected with the adjoining voussoirs by four 
joints, each of 1 foot area, in all 4 feet But if instead of this voussoir three pieces of 
rough stone or rubble be substituted instead of 4 feet area of joints, we shall have 8. 
Lastly, if bricks be employed instead of rubble, we shall want 27 to form the same mass, 
which gives for the developeineut of the joints IS feet. Thus, representing the force which 
connects the voussoirs in wrought stone by 4, that representing the joints of the rough 
stones will be 8, and that for bricks 13 ; whence we may infer that arches built with 
rough stones will have less thrust than those in wrought stone, and those in bricks more 
than three times less. From experiments made by Bondelet, he found that at the end 
of six months some species of mortar showed a capability of uniting bricks with sufficient 
force to overcome the efibrts of thrust in a vault segmental to j of a semicircle, 1 5 feet 
diameter and 4 inches thick, the extrados being 4 inches concentrically above the intrados. 
Plaster united a vaulted arch of 18 feet opening, of the same form and thickness. This force 
is, moreover, greater in arches whose voussoirs increase from the keystone to the springing, 
and that in proportion to the thickness at the haunches, where fracture takes place ; so that 
whatever the diameter and form of the arch, the strength of good mortar at the end of six 
months, if the arches are well constructed, is capable of suppressing the thrust as long as 
the thickness, taken at the middle of the haunches, is stronger than the tenth part of those 
laid in mortar, and one twelfth of those laid in plaster. Here we have to observe, that 
arches laid in plaster, as long as they are kept dry and sheltered from the changes of the 
season, preserve their strength, but, on the contrary, they lose all their stability in seven 
or eight years, whilst those cemented in mortar endure for ages. 

1495. TTie small quantity of mortar or of plaster used in vaults constructed of wrought 
stone, in which the joints are often litfle more than rtca, ought to make an arcliitect cautious 
of depending merely on the cementing medium for uniting the voussoirs. There are other 
means which he may employ in cases of doubt, such as dowels and crampsf means which 
were much employed by the llomons^iu their construction ; and these are fiu: better than the 
chains and ties of iron introduced by the modems. 

1495a. Kondelet luis stated that bard stones laid dry, comme^iccd .pipping at an angle 
of 30° ; and with mortar fresh laid, at angles of 34° and 36° f with soft stones, on 
snortar fresli laid, at 45°, when the centre of gravity did not fall without the baac* In 
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Barlow*! i^lition of Tredgold's work, from 34^ to S6^, is repeated. G. Rcn]iie» in iome 
eareful experiments at London Bridge, found that dressed roussoin oominenced sliding, 
Without mortar, at an angle of 3(y ; and, with mortar fresh laid, at 25^ S<y. 

149G. Well may it be said that the thrust of an arch is the constant dread an. 
architect ; but it depends entirely on the method employed in the construction. It is only 
dangerous where the precaution^ indicated in the foregoing examples liave had no atten- 
tion paid to them. It has been seen that the least fracture in too thin an arch of equally 
deep vous&oirs may cause its ruin ; and we shall here add, that this defect is more 
dangerous in arches wherein the number of joints is many, such as those constructed in 
brick ; for when they are laid in mortar they are too often ratlier hea|Yed together than 
well fitted to each other. 

1 497. Wliatever materials are used in the construction of vaults, the great object is 
to prevent separation, whicl\,4f it occur, must be immediately met by measures for 
making the resistance of the lower parts capable 
of counterbalancing the offort of the upper parts. 

'riiose fractures which occur in cylindrical arches are 
the most dangerous, because they take place in straight 
lines which run along parallel to the walls bearing 
them. To avoid the consequences of such failures, it 
is well to fill up the haunches to the height where the 
fracture is usually to be found, as in K, Jt't K", K"' 

(Ji<;. 590. ) and diminish the thickness towards the key. 

1498. Rondelet found, and so indeed did Couplet 
before him, that the least thickness which an arch of 
equal voussoirs ought to have, to be capable of stand- 
ing, was one fiftieth part of the radius. But as the 
bricks and stone employed in the construction of 
arches are never so perfectly formed as the theory sup- 
poses, the least thickness which can be used for cy- 
lindrical arches from 9 to 15 feet radius is 4^ inches 
at the vertex if the lower course be laid with a course 
of brick on edge Cr two courses flatwise, and 5 inches 
when the material used is not a very hard stone, in- 
crea,sing the thickness from the keystone to the point 
where the extrados leaves the walls or piers. But if 
the haunches are filled up to the point N (Jiff. 590.), 
it will be found that for the pointed arch in the figure 
the thickness need not be mor^ than the of the 
radius, and for the semicircular arch, For arches 
whose height is less than their opening or that arc seg- 
mental the thickness should be | part of the versed sine ; 
a practice also applicable to Gothic vaults and semi- 
circular cylindrical arches, to which for vaults cemented 
with plaster one line should be added for each foot in 
length, or part of the chord subtended by the ex- 
trados. With vaults executed in mortar may be 
added, the thickness of the arch increasing till it reaches the point N, where the arch bccopnes 
detached from the haunches, and where it should be once and a half the thickness of the key. 
It was in this way the arches throughout the Pantheon at Paris were regulated, and a very 
similar sort of expedient is practised in the dome of the Pantheon at Rome. A like 
diminution at the keystone may be used in groined, coved, and spherical vaults. 

1499. For vaultings of large openings, Rondelet (and we fully concur with him) thinks 

wrought stone preferable to brick or rubble .stone, because it has the advantage of being 
liable to less settlement and stands more independent of any cementitious medium em- 
ployed. It is indeed true that this cannot connect wrought stone so powerfully as it does 
rubble ; but in the former we can employ cramps and dowells at the joints, which are useful 
in doubtful cases to prevent derangement of the parts. In many Homan ruins the surtaces 
of the voussoirs were embossed and hollowed at the joints, for the purpose of preventing 
their sliding upon each other ; and expedients of the sttme nature arc fi^uently found in 
Gothic ruins. . . 

1499a. The figure 590. is one that has been found tq perplex students, as it is hereiti 
given without much explanation of it. In RondcleVa Vork it is engraved for the purpose 
of elucidating certaiit tables of thicknesses of the keystones, the parts KK, and the piers, 
for ready reference in de^jgning arched constructions. As a proper understanding of the 
above system is ofllnmense importance to the effective carrying out of buildings, we 
append an explanation from Rondelet, but in a much abridged fonn. 
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HaTing laid down the half of the curve required, draw B 4, forming an angle 
of 45® with the vertical B 6; place on this line from B to 4 the thickness shown in Ute 
table (in his work) for a cylindrical vault Y, of the diameter and tnickness required, and 
describe the quarter circle 1, 4, ; draw the chord C"B, prolonged to meet the circle at 4 ; 

tlien through the point in which it (the chord) will l.e cut as 4 ; draw a line parallel to B 8 
then 4c will represent the thickness required for the wall of the vault For instance, it 
in the segmental vault X, its chord O B, be prolonged, it will cut the circle at 3 ; through 
S draw the vertical 36, and it will be the thickness to be given to the wall for such a 
vault "VV^en the thickness at the key, and towards the middle of the extrados, is required 
cither stronger or weaker than those indicated in the tables, then, if the portion of the 
extradossed line be of an equal ihkkneaBf take the r4)uaTe root of the double thickness ol 
this portion, multiplied by mL ; place it from B to 4, and describe the quarter of the 
circle 1, 4, 6, which udll determine, by the length of the chord prolonged beyond the point 
B, the thickness of the wall pier. 

1499c. Take a vault of 30 ft. span ; the extrados being half on a level and half of an 
equal thickness, which it is intended to make only 6 in. thick at the key. instendof 10 in., as 


indicated in the tables. The radius being 15 ft., we have KL^^- 


: 10 '6, and t K = 


_l.)x70 

15~10'6«4*4, which gives >»L=3=6*2, wliich multiplied by 1 foot, or double the thickness 
of the keystone, will give 6*2, the square foot of which is 2*^9, or a trifle under 2 ft 6 in.; 
instead of 2 ft. 8 in. and 9 lines, marked in the tables. This measure of 2 ^^ ft., 

or 2 ft. 6 in., is to he placed from B to 4, 
and the quarter circle and chord line drawq 
according to the rise of the arch. 

1499d. The geometrical method of drawing 
it will be to place the double of the thickness ot 
the vault from B to n, and mL from B to h, 
and describing on nh, as a diameter, a semicircle 
which shall cut the horizontal BO, giving the 
thickness to be phiced from B to 4 on the chuid 
line ; the remainder of the operation will be as 
above described. 

1499e. If tlie thickness CD and KN of an 
extrados portion of a vault, be not the same as 
indicated in the tables, the sum of the thick- 
nesses intended to be given is to be placed from 
B to M, and mL from B to h, and then tlie 
proce» goes on as above described. The letters 
also r^r to the preceding diagrams. 

1499/ These observations, however, do not 
apply to /(/• .'>90., for it will be observed that 
the arches therein shown are not of equal thick* 
ness. On drawing out these arches, according 
to the direct i(|i| given ( 1436, and /g. 582.), foi 
an extrados wl^h increases toward the spring- 
ing (Jiq, 590a.), we find that the chord lines 
are not properly drawn ; that the thicknesses of 
the walls vary ; and yfljkthe two arches W and 
X, which are less in^Rght than the semicir- 
cular arch Y, are treated in the same manner 
as Y, instead of the line BF being drawn as 
a tangent to the curve as directed .(1398, and 
/iff. 573.) ; this would have caused the walls to 
be of a less thiclmess the more the arch was de- 
pressed, and therefore would evidently have been 
wrong in principle. 



Construction of Domes. 

H99^. From the Remarks on Theatre^ 1809, by Samuel Ware, we extract the portion 
relating to the now little studied subject of construction of domes. ** It may with propriety 
be asked,** be writes, and it is a question of much importance, what are the properties in 
the^construotion of a dome, by which its vaulting may have that extreme tenuity, by which 
its lateral thrust becomes so extremely amaii in comparison with cylindrical vaulting, while 
the stone furthest from the supports may be uf extraordinary gravity, compared with any 
other part of the vaulting, or it and any part below it contiguous may be wholly omitteo, 
and yet the equilibrium of the dome be not affected.** 





PIEM AND VAULTS. 


88i 


M99A* “ In analjaing a dome^ U tt^tU be found that it is nothing more than rib^vaulling 
carried to its maximum, that it consists of as many ribs as them are yertical sections to bo 
made in the dome, or is composed wholly of ribs abutting against each other, in direct 
opposition, by which the force of each is destroyed. In the ceilings of King's College 
Chapel, Cambridge, and Henry VIL's Chapel, London, this most admirable invention is 
exemplified* Tlte author ventures an hypothesis, that, in an equilibrmitd dmm^ the thick- 
ness of the vaulting will decrease from the vertex to the springing, and assigns the following 
>eason theoretically, and the Gothic vaulting practically, in confirmation. 

1499^. ** The parts of a circular wall ’compose a horizontal arch ; but the whole gravity 
of each part is resisted by the bed on which it rests, therefore the parts cannot be in mutual ^ 
Opposition ; and, although the parts are posited like those of an arch, a circular wall has i 
not the properties of one. In a semi-spherical dome the first course answexs this descrip- 
tion, no part gravitating in the direction of its radius. When the beds are oblique on 
which the parts of the wall rest, each course may then be called an oblique arch, as it then 
assumes the property of an arch, by having a double action, the one at right angles to, or 
on the bedf and the other in the direction of the radius; and if this arch be of equal thick •• 
ness throughout, and has an equal inclination to the horizon, it will be an arch of equili- 
bration. All the courses in a dome are oblique arches of equilibration, of various inclinations 
between tbe horizontal line at the springing, and the perpepebcular at its vertex. 

149^'. A dome is comprised of as many vertical archea as there are diameters, and a% 
many oblique arches as there are chords. The actions of the parts of a vertical arch are 
eccentric, an oblique arch concentric ; consequently they will be in opposition, and the 
gpeater force will lose power equal to that of the kss. An oblique arch hears the same 
I elation to a dome as a voussoir does to an arch ; when the vertical arches are not in equi- 
libration, the action is upon the whole oblique arch, not upon the voussoirs separately ; 
although a whole course or obli^ ae arch (which must be tlie case, or no part of it, admit- 
ting that ’each course in itself U similar and equal throughout) be thrust outwards by tlie 
inequilibration of the vertical arches ; the incumbent oblique arches will descend perpen- 
dicularly, keeping the same congruity of their own parts, 

l499Ji. ** As the voussoirs of each oblique arch are in equilibration, no one can approach 
nearer to the centre of the dome than another, unless the other voussoirs squeeze or crush, 
which, in investigations of subjects of this nature, are always assumed perfectly rigid ; 
therefore, in their position in the dome, they have obtained their concentration. Hence 
we obtain the essential distinction between an arch and a dome, that no part of the latter 
can fall inwardly. Since no part of a dome can fall inwards, it resembles an arch resting 
on the centre on which it has been constructed, and the resistance which the vertical arch 
meets with from tliat centre is shmlar to the opposition of the oblique arches to the vertical 
arches. If this deduction be just, the mechanician will be able t6 d^smbe the extrados of 
equilibration to a dome and its abutment wall, with the same facility^||||g^ may to an arch 
and its abutment piers.’* 

M99/. Pasley has likewise stated that **as soon as any course is compi|W all round, 
tbe stones or bricks composing it form a circular arch like that of a cone, wlxich cannot 
by any means fall inwards. Hence there is an important difference between the dome and 
tlie common arch, which latter cannot stand at all without its centering, unless the whole 
curve be completed, and when finished, the crown or upper segment tends to overset the 
haunches or lower segments. The dome, on the contrary, is perfectly strong, and is a com- 
plete arch without its upper segment ; and thtts> ms the pressure acts differently, there is less 
strain upon the haunches and abutments of a dome, than on those of a common arch of the 
same curve. Hence a sufficient dome may be constructed with much thinner materials tlian 
would be proper for a common arch of tlie same section. The dome of St Paul's Cathe- 
dral offers a fine specimen of this kind of work." It has been described in par. 472, 

1499m. The Pantheon, at Paris, has a dome formed of three portions. The first, or in- 
terior one, is a regblar hemisphere of about 66 ft 9^ in. span, with a circular opening at 
top of about 31 ft. 4^ in. in diameter. It is built of cut stones, varying from 18 J in. thick 
at bottom, to 10^ la at top. Thus the thickness is only about ^’^rd part of the span. The 
intermediate dome is a catenarian curve having a span of about 70 ft. with a rise of 50 ft ; 
and it has to support considerable weight at top. It has four large openings in its sides to 
give light, about 37 ft. high by 31 ft. wide, arched at top in a somewhat parabolic form. 

The outer dome has an external diameter of 78 ft. Its heiglit is not stated, but it appears 
to be a moderately pointed Gothic arch had it been continued, without forming an opening 
lit top for the sides of a lantern, which it was intended to support, Tlie thickness of the 
Ztone at bottom is about 28 in. and 14 in. at top. A great part of the surface is only half 
the abeve thickness, as the dome is laid out internally in piers, supporting three tiers of 
arched recesses, or nicheit of less substance, and showing like the pgnels in Joiners' work. 
(See figs, 177 rad 178.) 

149911. Partington, m the BrUi$h Cydt^ftmdiOf 1895, expresses tbe opinion that **ih9 
weigJit of the dome may force out its lower parts, if it rises in a direction too nearly ver* 



THEORY OF ARCHITECl’URE. 


Boot I 


m 


tioiU ; and atipposing its form to be spherical, aim its thickness e<)uttl, it will require i4 I 
■eonfined by a hoop or chain as soon as the spaivbeepfi^ eleven fourteenths of the who 
diameter. But if the thickness of the dome be dimWished as it rises, it will not requii 
to be bound so high. Thus, if the increase of thickness in descending begins at aboi 
,S0^ from the summit, and be continued until at about 60% the dome becomes little met 
than twice as thick as at first, the equilibrium adll be so fhr secure. At tliis distance i 
would be proper to employ -either a chain or some external pressure to prove ti>e stabi^itj 
since the weight itself would require to be increased without limit, if it were the oul^ 
source of pressure on the lower parts. The dome of the Pantheon, at Rome, is nearl; 
cirdidar, and its lower parts are so much thicker titan its upper parts, as to afford a suffi 
cient resistance to their pressure; they are supported by walls of great thickness, anc 
‘iimislied with many projections, which answer the purpose of abutments and buttresses.** 

1 499o. Keeping to the theory of the dome, we must avoid noticing its history, beypmi 
pointing out the papers which have of late years treated on tljf subject These are pub 
iislied in tlie Tmnsactiona of the Royal Institute of British Architects. The first was by 
J. Fergusson, On (he Architectural Splendour of the City of Beejapore^ November 1854 ; 
the discussion in December following, when J. W. Papworth detailed his interesting and 
novel theory, to be presently noticed ; and two papers by T. H, Lewis, Stme Bemarka 
on B^nnest June 1857; and On the Conetruction of Dowes^ May 1859, in which, however, 
great care must be taken by the reader to separate the arch from the dome constructions, 
as in our opinion they are treated therein as of one principle. The question of a Gothic 
dome was much discussed without a solution in the journals of the period named. Domes 
and pendentives are illustrated in Fergusson's Jfandhnuk of Architectvre. The very ift- 
teresting paper On the Mathematical Theory of JJonn^s. by E. B. Denison, Q, C., read at 
the Institute on 6th February, 1871, should be consulted by all students on this difficult 
subject; as well as the papers by E. W. 'I'am, M.A., printed in the Civil Engineer and 
Architect's Jonrnnl of March 1868 and February 1870. 

M99;>. On the occasion referred to, Mr. Papworth asserted t!mt a dome ttaa not an arclt, 
and that domes were not governed by the same laws as vaults. He then entered into cal- 
culations on the causes of the stability of domes, showing that in domes of great thlckne^s 
the upper half of each gore was only about one-third in weight of the lower half, and ad- 
duced the possibility of loading the crown to a certain extent. He produced a series of 
drawings of domes, constructed upon principles which ought theoretically, if they were 
arches, to lead to their failure, but which had nevertheless proved perfectly sound ; his 
views being fortified by Mr. Fergusson’s concurrence as to the absence of examples of 
failure where tlie bases were stable. He then alluded to the following arguments of others, 
and explained Ids reasons for not agreeing with them. Such as, that the dome of the Pan- 
theon, at Rome, ha^been built on the principle of a bridge, i.e. of an arch ; that it was 
impossible to id^MHRtrgc dome without great thickness of walls, i.e. greater than suffi- 
cient to bear and its consequences ; ti)at it was necessary for the exterior of a 

dome to stayipFish with the wall of the building to which it belongetl ; that it was de- 
sirable to aj^end heavy corbelling to the inside of the w all to counteract tl)e thrust of the 

dome, with special reference to some circular tambours, 
of which he exhibitL'd sketches; to the supposed un- 
necessarily great weight on the top of some examples; 
and to the supposed beauty of principle exhibited in the 
dome of Sta. Maria, at l^orence, which he character- 
ised as a piece of octagonal vnulting and not a dome. 
He also explained that domes which had failed had not 
been supported on a stable foundation; that he saw 
great beauty in tlie idea of forming an rye in so large a 
dome as that of the Gol Goomuz, at Beejapore, wliere 
the centre of the curve on each side *of the section wntf 
in the edge of the eye ; that the outer face of the spring- 
ing of the dome might be within the inside of the square 
enclosing wall of the building ; that if the principles of 
vaulting were applied, the wagon-hea'ded section of tlie 
Gol Goomuz dome would not be expected, theoretically, 
to stand ; and concluded by some observations in expla- 
nation of bis illustrations, as to the requisite thickness 
of domes. A|1 writers, so fiair as he had seen, considered 
the dome as a sqse of vaulting on principles deduced 
from their efjjieriments on arches, vhidi was m mode 
repudiated by him. 

1499^. 'Die causes of the stability of domes, as thcis> 
put forward for ttie first time, hy Mr. Papworth, are the 
(bllowing: — Let the plan (fg, 5906.), of a semicircular dome be divided, say, into twidvw 
or more equal parts, and the section [jig, 590c.), say, into nine or more. Give a thlokncM 
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by an inner liise fur atone of brickwork, llien it will be at once pereeived tliat the lowei 
block K has to support a mass L ctf less dimensions as to horizontal length ; that tha 
block L supports a still less mass M } that M supports a much less mass N ; and'that N 
supports a mass of but a small length in comparison with K* whilst in breadth it dlnii* 
nislies from a few feet to nothing at the apex. If the dimensions of a dome were worked 
out, say of 50 fr. internal diameter, and of 4 ft. in thickness, it would be found that the 
block K would be about <418^ ft cube; L 368^ ft. cube; M 274^ ft. cube ; N 146j ft. 
cube ; and the half block O 22^ R. cube. Tlie fact has to be remembered, that all domen 
ire built in courses of stones which are bonded one into the other, forming circular rings; 
and that even if a dome be cut down into four quarters, each quarter will stand of itself. 

■1499^ liankine. Applied MtchaHic$^ 1858, points out that the tendency of a dome 
to spread at its base is resisted by the stability of a cylindrical wall, or of a series of 
buttresses surrounding the base of the domes, or by the tenacity of a metal hoop encircling 
the base of the dome. Thu conditions of stability of a dome are ascertained by him m the 
following manner. Let /ig, S9Gd. represent a ver- 
tical section of a dome springing from a cylindri- 
cal wall BB. The shell of the dome is supposed 
to be tliin as compared with its external and in- 
ternal dimensions. Let the centre of ti>e crown 
of the dome, O, be taken as origin of coordinates; 
let X be the depth of any circular joint in the 
shell, fuch us CC ; and y the radius of that joint. 

Let i be the angle of inclination of the shell at C 
to the liorizon, and dt the length of an elementary 
arc of the vertical section of the dome, such as 
CD, whose vertical height is rfx, and the difference of its lower and upper radii dy ; so 

tliat cotan i ; ~^^coscc i. Let Px be tlie weiglit of the part of the dome above tlie 
circular joint CC. Then the tot<il thrust in the direction of a set of tangents to the dome, 
radiating obliquely downwards all round the joiirt CC, is Px Px *cosec i ; and the total 

horizontal component of that radiating thrinst is = Pjp'cotan i. Let denote the 
intensity of that horizontal radiating thrust, per unit of ))criphery of the joint CC ; then 
because the periphery of that joint is 2 tt y ( = 6 2832 y), we have pj, m 

1499«. If there he an inward radiating pressure upon a ring, of a given intensity per 
unit of arc, tlrere is a tlirust exerted all round that ring, whose amount is the product of 
that intensity into the radius of the ring. The same proposition is true, substituting an 
outward for an inward radiating piessure, and a tension all round the ring for a thrust. If, 
therefore, the horizontal radiating pressure of the dome at the joint CC be resisted by the 
tenacity of a hoop, the tension at each point of that hoop, being denoted l)y Py, is given 

by the equation =ypy " Now conceive the hoop to be removed to tlie 

circular joint DD, distant by the arc </« from CC, and let its tension in this new positioji 
be Py — dPy. The difference, dP^, when the tension of the hoop at CC is the greater, 
represents a thrust which must be exerted all round the ring of brickwork CC DD, and 
whose ^intensity per unit of length of the arc CD is p* sar.^ • £(P.r cotan i.) 

1499t. Every ring of brickwork for which p* is eitl\cr nothing or positive, is stable, 
independently of the tenacity of cement ; for in each such ring there is no tension in any 
direction. When px becomes negative, that is, m hen Py lias passed its maximum and 
begins to diminish, there is tension horizontally round each ring of brickwork, which, in 
order to secure the stability of the dome, must be resisted by the tenacity of cement, or of 
external hoops, or by the assistance of abutments. Such is the condition of the stability of 
a dome, llie inclination to tlie horizon of the surface of the dome at the joint where 
Px bO, and below which that quantity becomes negative, is the angle of rupture of the 
dome;^and the horizontal component of its thrust at tliat joint, is its total horizontal 
thrust agairst the abutment, hoop or hoops, by which it is prevented from spreading. A 
dome may have a circular opening in its crown. Oval-afched openings may also be made 
at lower points provided at such jmints there is no tension ; and the ratio of the horizontal 
to the inclined axis of any aucii opening should be fixed by the equation 

h oHxontal atfs ^ / pg ~ 

Unc/irn d Iris ** 

Uankine concludes* with txamples of ** spherical,^ and ** truncated conical,^ domes. 

1499«. Cbnas. — These are used in tile-kilns, glau-houses, and such like. A building in 
the shape of a ludlow cone forms everywhere a species of circular arch, which may be con- 
itrqcted without centering or support, provided the joints be made to radiate towards the 
centre. The courses should be laid perpendicular to the sides of the proposed cone. A 
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of Yarhiblo length, turning on a pivot, must be stretched all round from time to time, 
upon a, moveable centre, rising as the work proceeds, in order to regulate the internal out- 
line* Such is the strength of this form that the highest kilns are seldom built more than 
one brick thick, although this dimension would be ahogether insufficient for a common wall 
of the same height. It is, probably, this prindple which has conduced to the existence of 
the Round Towers of Ireland. That of Kilkenny, fbr example, 100 ft. in height, was 
built on, or very near, the surface, for at 2 R. l)elow it, wood coffins with skeletons were 
found partly under the walls, thus affording an unstable foundation. 

PoiKTED Arch Vaulting. 

1499o. We now proceed to enter into a xiew of the general forms of groining in pointed 
architecture, observing, by the way, that the groins at the arrises, up to the twelfth century, 
were seldom moulded with more than a simple torus or some fillets. In the twelfth 

century, however, the torus is doubled, and the 
doubling parted by a fillet. Towards the end of 
the twelfth century, three tori often occur ; and 
at the beginning of the thirteenth, the moulded 
arrises become similar to the moulded archivolts 
of the arches, both in their form and arrangement. 
In France, until the middle of the fifteenth cen- 
tury, the arrises of the groins only were moulded ; 
but in this country the practice took place much 
earlier, for, instead of simple groining, the intro- 
duction of a number of subdivisions in the soffits 
of arches had become common. In Jip. 590e. is 
given a plan of the soffit of a vault of this kind, 
in which A is an arc doubleau (by which is un- 
derstood an arc supposited below another at cer- 
tain intervals, and concentric with the latter) ; B 
is an upper arch, called by the French antiqua- 
ries formeret; C, the wall arch, or formeret du 
mnr ; D is a diagonal rib, or croisee dioptre; E, 
intermediate rib or tierceron; FF, summit ribs 
or Hemes; G, the key or boss, clef de voute. Mr. 
Willis has used the French terms here given, and as we have no simple terms to express 
them in English, it may be convenient to adopt the practice. 

1499a;. The ribs formed by the intersections of the groins perform the office of supporting 

the vaulting which lies upon them, they in their turn 
being borne by the pillars. Thus, in the simple 
groin (Jig. 590/.), the arches A A, and diagonal 
rib C, carry the vaulting BB, a rebate being 
formed at the lower ])art of the ribs on which tlie 
vaulting lies. This figure exiiihits the simplest 
form of groining in any species of vaulting, thr 
intersecting arches being of equal height. Tbo 
contrivance in its earliest state was ingenious, and 
the study attractive, and we cannot be surprised 
at Dr. Robison observing, in respect of tl»e artists 
of the thirteenth and two following centuries, that 
“ an art so multifarious, and so much out of the 
road of ordinary thought, could not but become 
an object of fond study to the architects most 
eminent for ingenuity and invention: becoming 
thus the dupes of their own ingenuity, they were 
fond of displaying it where not necessary.'* This 
observation would be fully veriHed had we room for 
Fig . 69 Q/: allowing the reader the infinite number of devices 

that ingenuity has created : he will, however, from 
the few elementary ones that we do give, be enabled to see the germs of countless others. 

H99a:, Ware, in his Tracts on Vaults and BridgeSt 1822 — a work which, notwithstand- 
ing the quaint method in which the subject is treated, contains extremely valuable matter, 
— has made some remarks which we must introduce at length, or justice would not be 
done to them. “ In the vaulting,” he says, “ of the aisles of Durham and Canterbury 
cathedrals are to be observed the arcs douhUaus and groined ribs in round-headed vaults. 

In the naves of the same buildings is the same character of vaulting, except that the arch 
of the vault is pointed. Some vaults of this kind are to be distinguished from others by the 
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poating of the stooet of the vault between the ribs, which, instead of beinff parallel to each 
side of the Pj»n. M in Ro^n groined vaults, take a mean direction b^icn the ttJxZ 
rib and the nbs of the arabes over the sides; whence they meet at the vertex at an acute 
angle, and are reeved by stones running along the vertex, cut in the form of a ratchet. 
The advantage of this meth^ ^nsists in requiring less centering, and originates in the 
position of the nbs at the springing.** “ From these beginnings vaulting began to assume 
those pracUcal advantages which the joint adaptation of the pointed arch and ribs was cal- 
culated to produce." “ The second step differed from the first, inasmuch as at the vertex 
of the vault a continued keystone or ridge projects below the surface of the vault, and forms 
a feature similar to the riba But here it was necessary that the ridge should be a stone oi 
great length, or having artificially that property, because its suspension by a thinner vault 
than itself would be unsafe, unless assisted by tlie rib arches over the diagonals and side, a 
distance equal to half the width of the vault To obviate tliis objection, other ribs were 
introduced at intervals, which may be conceived to be groined ribs over various oblongs, 
one side continually dectewiing. Tliis practice had a further advantage, as the panels ot 
vaults between the ribs might become proportionally thinner as the principal supports in- 
creased. It is now that the apparent magic hardiness of pointed vaulting and the high 
embowered roof began to display itself ; from slender columns to stretch shades as broad as 
those of the oak’s thick branches, and, in the levity of the panel to the rib, to imitate that 
of the leaf to the branch.” *« On comparing rib-pointed vaulting with Roman vaulting, it 
will be invariably found that the rib itself is thinner tlian the uniform thickness of the 
Roman vault under similar circumstances ; and that the panel, which is the principal part 
of the vault in superficial quantity, sometimes does not exceed one ninth part of the rib in 
thickness. The Gothic architects, it has been expressively said, have given to stone an 
apparent flexibility equal to the most ductile metals, and have made it forget its nature, 
weaning it from its fondness to descend to the centre.” 



Fig. SdOQ. 


Fig. 680A. 


I499y. In the second example 590^.), another rib, a 6, is introduced, which on plan 
produces the form of a star of four points. The forms of these thus inserted ribs result 
from curves of the lines on the plan in the space to be vaulted. As many radii are drawn 
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fipora the angles of tlie plan as there are rilis intended, until they mutually intcrsert < 
other. Tlie curvatures of the ribs will be elongated as they recede from the prim 
arch, till they reach the centre on the place wliere the groins cr<»ss, and where of course 
elongated curve is a maximum. The ribs thus form, when they are of the same curval 
portions of an inverted conoid. 

I499z. In the next example {fig* 59D/i.),the primitive arches are unequal in heigltt 
arch A being higher than B. The plan remains the same as in that immediately preced 
hut from the inequality of height, a d, c 6, must be j<»ined by curved lines, determinec 
one side by the point a, where • a intersects the longer arch. A curved summit ril 
well longitudinally as transversely, may occur with equal or unequal heights of prim 
arches (as in fig. '590}.) ; but the stellar form on the plan still remains, though difTere 
modified, with the same, or a less or greater, number of ribs on the plan {fig. 590k . ). 
truncating, as it were, the summit ribs, le'el or otherwise, witli the tops of the prim 
arches, and introducing on tlie plan a polygon or a circle touching quadrants inscribe 

the square, we obtain, by means of the rising con( 
quadrants, figures which perform the office of a 
stone. In this, as we have above observed, the 
struction of the work is totally different from 
vaulting, inasmuch as each course, in rising, supf 
the ne.Kt, after the manner of a dome, and is not 
pendent on ribs for carrying the filling-in ph 
Hence the distinction between fanwork and raditi 
rill woik sri judiciously made by Mr. Willis. 

1499aa. The sixth example (fig. 590/.) has 
mitive arches of different heights, forming an 
gular star on plan, that is to say, the points ar 
different angles. The figure will scarcely need 
planatioh after what has been already said in reU 
til tlie subject. 

149956. A polygonal space may be vaultei 
three different ways. First, by a central col 
serving for the reception of the ribs of the vault 
column or pillar performing in such case the office of a wall, as in the chaiiter-houst 
Worcester, Salisbury, Wells, and Lincoln. This mode evidently admits of the lar 
space being covered, on account of the subdivision of the whole area by means of 
central pillar. The second mode is by a pendent for the reception of the arches, as in 
Lady Chapel at Caudcbec, (given in the section Masonry). This mode is necessarily 
stricted in practice to small spans, on account of the limits attached to the powc 
materials; albeit in theory its range is os extensive as the former. The last method is I 


Fig. Hff. 

once vaulting the space from wall to wall, as in fig, 590m., like the vaulting to the kiK 
of the monastery of Durham Cathedral, or. fig. 590n., similar to the chapter^house at Y 
of which, the upper part being of wood, Ware quaintly observes, “ The people of Yorks 
fondly admire and justly boast of their cathedral and chapter>hou8e. The principl 
vaulting at the chapter-house may be admired and imagined in stone; not so the vau 
the nave ; it is manifestly one of those sham productions which cheat where there ii 
merit in deceiving.” Tlie principle, as Ware justly observes, is perfectly masonic, 
might be^ easily carried out with stone ribs and panel stones, it being nothing more 
an extension of that exhibited in the third example of simple groining (fig, 59cy.)al 
given ; and the same remark applies to the Durham kitchen. 

I499ee. We pro|>ose to offer explanations of the nature of the vaulting at King’s Col 
Chapel at Cambridge, and the silly story related by Walpole of Sir Christopher W 
saying, « tliat if any man would show h*m where to place the first stone he wc 
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engage to build another** (vault like it). The vault of the chapel in question is 
iivided into oblong severies, whose shorter sides are pliiced longitu^nally 590o.) 
1 1 must be evident that the curves of the 
inverted quadrants must intersect each other 
previous to the whole quadrant of the circle 
being completed. Hence these intersecUons 
form a curved summit line lowest against 
the windows or smaller sides of the oblong, 
lliis summit line of tiie vaulting of the 
building in the direction of its length 
forms a series of curves, though from the 
angle under which it is seen it is scarcely per> 
ceptible. Mr. Ware says, It is observalile, 
in the construction of this vault, that theprin* 
ciple of using freestone for the ribs, and tufa 
for the panels, has not been followed ; but 
the whole vault has been out of the same 
description of stone, and with an uniform face, and the panels worked afterwards, and re- 
duced to a tenuity hardly credible except from measurement The artists of this building 
might be trusted in the decoration of a vault with what is now called tracery ; they knew 
how to render it the chief support, and what was the suiierfluous stone to be taken away : 
every part has a place, not only proper, but necessary ; and in the ribs which adorn tlie 
vault we may in vain look for false positions. This is the ocular music which affords 
universal pleasure.'* 

1499d^. We now return to the consideration of two more modes of simple vaulting. In 
England, the summit ribs of the vault are almost always found running longitudinally and 
transversely in the various examples. In Germany the summit ribs are more frequently 
omitted than introduced. Thus in the example 590/, the sclieme is merely a square 
diagonally placed within the severy, subdivided into four parts and connected with the base- 
points of the groins by ribs not parallel to the alternate sides of the inserted square. This, 
however, sometimes occurs in English buildings, as in tliemonuuient of Archbishop Stratford, 
at Cantetbury Cathedral ; though in that the central portion is not domical. It is to be 
remarked that the intersecting arches are not of equal height, otherwise the arrangement 
could not occur. 

1499ee. In tlie example 59pp, the arrangement 
completely assumes what Mr. Willis calls the stellar form. 

Here in the soffit a star of six points b the figure on 
which the projection depends the points radiating from 
the angles of an iiexagon, and thus forming a cluster of 
lozenges whose middle longitudinal sides produce another 
longitudinal lozenge to connect the centres of the pattern. 

The longitudinal arches are, as in the preceding figure, 
lower than the transverse arches. Mr. Willis says, “ the 
principal distinction between these and our own fan- 
vaulting is the substitution of lozenge-headed compart- 
ments in the fans, for the English horizontal transom 
rib. We have also lozenge-headed compartments in our 
early vaulting, but they are never so symmetrically 
arranged in stars throughout.^ 

I49,9;5r. From the simple lines or principles above 
given, it is easy to perceive through what numberless ramifications of form they mny be 
carried. Another form is that called hexpartite vaulting, where the ribs spring from the 
angles, and two others from a shaft placed in the middle of each long side, thus making 
six divisions. This is a step beyond the quadripartite groining shown in fig. 590/*. Ex- 
amples of hexpartite vaulting are scarce in England, hut it may he seen in the chapel of 
St. Blaise in Westminster Abbey, the choir of Canterbury Cathedral, and in many parts of 
Lincoln Minster. 

1499pp. It would be difficult to find a system of vaulting more unlike any English 
example than that in Anjou generally, of which the Hospital at Angers is a fair specimen. 
It is always excessively domical in its sections, both longitudinal and transverse; and has 
eight ribs, the cells being filled in with stones exactly parallel with the centre or ridge of 
each cell : the ribs are edge-roll mouldlngpi. 

1499AA. Besides ihe books named above. Prof. Willis Oa Vaulting, and by T. Eagles, 
1874, both read at the Bo^al Institute of British Architects, the Dictmmaire by Viiillet- 
le-Duc, the Ltciurt* by Sir G, G. Scott, R.A., and the paper by W. H. Wood, in Builder 
for 1888, xliv , 55, should be referred to. A very oumplete outline of the subject 
b4en printed by Prof. Babcocki of the Cornell Univeraliy, Ithaca, New York> fur bia 

MAiUPOAS rtf Inf'tliriHI. 
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WALLS AMD FIEBA. 

] ^00. The tntckness which is to be assigned to walls and points of support, that theit 
stability may be insured, depends on the weight they have to sustain, and on their form^ 
tion with proper materials ; still more on the proportion which their bases bear to theii 
heights. The crushing of stone and brick, by mere superimposed weight, is of extremely 
rare occurrence in practice, even with soft stone and with bad bricks. The result of some 
few experiments that have been made as to the resistance of some of our bricks and stones 
to a crushing force, by George Rennie, in 1818, are here subjoined. Some later experi* 
inents made by tha Commissioners mentioned in Book IJ. chap, ii., and appended to their 
JRtport on Stone^ &c., in 18S9; with a few others; as well as some important tiials made 
In 1864 by a committee of the Institute of British Architects, given in Tran§actions^ 
1863-64, are likewise added. 

Table of Cbushing Fobcb or Materials, bv George Rennie (P/i/7. Tram. 1818). 


1 Materials. 






Specific 

Gravity. 

Cruflilng 

Weight. 

Portland stone, 2 inches long, 1 inch 

square 





1 )8. A\oir. 
805 

Statuary marble, 1-incli cube - 

• 





• 

3216 

Cragleith stone, ditto 






- 

8688 

Chalk 






•> m 

1127 

Pale red brick - - - 






2085 

1265 

Roe stone, Gloucestershire • 






• 

1449 

Red brick - - - 






2168 

1817 

Hammersmith brick 






.. 

22.54 

Ditto burnt - . - 


-1 




• 

3243 

Ditto hre-brick 


Z 




. 

3864 

Derby grit - - . 


JZ 

c 




2.316 

7070 1 

Another specimen 






2428 

9776 

Killala white fieeslonc - 






2423 

10,264 

Portland stone - - . 






2428 

10,28 4 

Cragleith white freestone 


c5 




2452 

12, .346 

Yoikshire paving, with the strata 


a 

ed 




2507 

12,856 

Ditto, ditto, against the strata 


« 




. 

12,8.56 

White statuary maible - 


o 




2760 

13,632 

Bramley Fall sandstone 






2506 

13,632 

Ditto, against the strata 






m 

13,632 

Cornish granite 






2662 

14,302 

Dundee sandstone 






2530 

14,918 

1 4,9 18 

Portland stone, a 2-inch cube - 






2423 

Cragleith stone, with the strata - 

. ' 

i 




2452 

15.560 

Devonshire red marble - 


JS 




• 

16,712 

Compact limestone * • 


V 




2584 

17,354 

Peterhead granite 


c 




- 

18,636 

Limerick black compact limestone 


u. 

H 




2598 

19,924 

Purbeck stone - • • 


JS 




2590 

2omo 

F reestone, very hard • 






2528 

21,254 

Black Brabant marble • • 


i 




2697 

20,742 

White Italian marble • 






2726 

21,783 

Aberdeen blue granite • 


a 

O 

• 



2625 

24,556 


1501. The aliove experiments lose much of their practical value ftom our knowledge 
that the interior particles in granulated substances are protected from yielding by the 
lateral resistance of the exterior ones ; but to what extent it is impossible to estimate, 
because so much de))end8 on the internal structure of the body. We are, however, thqs 
fiur informed, that, taking into account the weight with which a point of support is loaded, 
its thickness ought to be regulated in an inverse ratio to the crushing weight of the 
meterial employed. In Qothic structures we often see, for instance, in chapter houaes 
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with s central column, a prodigious weiglit superimposed. It is needless to say that, 
in such instances, the strongest material was necessary, and always Snd it so employed* 
So in the columns, or rather pillars, of the nayes in such edifices, the greatest care was 
usually taken to select the hardest stone. Generally speaking, the thickness of walls and 
piers should be proportioned rather to their height than to the weiglit they are to bear* 
hence often the employment of a better material, thdugh more costly, is in truth the most 
econoinicaL 


1502. Tabije of thb Wcioht axQuiaan lo Causn Cubes of Stone. 


Materiali. 

Specific 

Gravity. 

Crackina 

Weight. 

Cruahing 

Weight, 

1. Granites (2>inoh cubes) ; 

Aberdeen (blue) . - • . . 


lh«. 

lbs. 

10,363 B 

Dartmoor - - - - - . 



— 

12,175 B 

Haytor 

— 

— 

13,865 B 

Herm 

— 

— 

14,873 B 

Penriiyn 

— 

— 

7,728 B 

Peteihead (blue) ----- 


— 

10,192 B 

Ditto (grey) ----- 


— 

9,666 B 

11. Limutones ( 2 -inch cubes) . 

Marble (white) 




9 580 

Bolsover 

2316 

19,831 

30,147*5 C 

Bramham Moor, Smawse - - . 

2008 

10,666 5 

23,649*7 C 

Brodsworth ------ 

2093 

7,366*5 

18,416*5 C 

Cadeby 

1951 

5,666*5 

6,516*5 C 

Chilmark (three specimens) - - - 

2410 

10,285 

25,500 C 

Hamhill ------ 

2260 

6,233 

16,149 C 

Hildenley ------ 

2098 

17,565 5 

10,266*5 C 

Huddlestone- ----- 

2147 

9,633 

17,283 C 

Jackdaw Craig 

2070 

10,666 5 

18,903 C 

Park Nook .----- 

2138 

7,366 5 

17,283 C 

Roche Abbey 

2134 

6,800 

15,583 C 

Totternhoe ------ 

1891 

3,966 

7,700 C 

III. Oolites ( 2 -inch cubes) : 

Ancaster ------ 

2182 

6,800 

9,350 C 

Barnack ------ 

2090 

4,533 

7,083 C 

Haydor ------ 

2040 

4,533 

7,083 C 

Ketton 

2645 

6,233 

10,285 C 

Ketton Rag ------ 

2490 

14,166*5 

35,983 C 

Portland (Waycroft Quarry) - - - 

2145 

8,500 

15,583 C 

Box ------- 

1839 

5,100 

5,950 C 

IV. Sandstones ( 2 -incli cubes) : 

Bramley Fall - - • - - 

2506 


6 053 

Binnie ------- 

2194 

10,766*5 

20,116*5 C 

Craigleith 

2266 

17,000 

31,449*5 C 

Ditto ------- 

2452 

— 

5,480 C 

Darley Dale, StanclifTe - - - - 

2628 

26,0145 

28,333 C 

Derby 

— 

— 

3,110 C 

Dundee 


— 

6,490 C 

Giftheuoh ------ 

2230 

13,698 

19,266*5 C 

Heddon ------ 

2229 

7366-5 

15,866 C 

Hookstone ------ 

2253 

17,566*5 

23,233 C 

Kenton ------ 

2247 

13,698 

19,831 C 

Mansfield, or C. Lindley’s (red^ 

Ditto, or ditto (white) • 

2338 

BfiSS 

20,397 C 

2277 

10385 

20,963*5 C 

Morley Moor . • - • • 

2053 

6,235 

19,833 C 

Park Spring- - . - - - 

2321 

15,866 

30,316 C 

Redgate ------ 

Stanh^ • • - ' • 

2239 

15,383 

28,649*7 C 

2227 

10,285 

23,883 C J 
• 


15020. In the above list B stands for Bramah, and C for the CommUsionws’ Htport^ 
fitt. It is of very great importance to notice that the else of the cubes expeiiihented upop 
the latter, was only two indies 5 those by Rennie were only one and a half mch 
onbea A eet of experiments on Portland stone, of the weight sustained up to the poi^ 
ftactutt^, U the crushing weight, by accurately cut cubes of two inch frees phused 
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bi^ween ))eTfectly mnooth lead surfaces were osrned out with tl^e well>known Ainerioau 
ineciuinical testing machine, by Mr. Abel (Builder^ 1863, p. 860) : — 

War Department Quart y, Vern Hill - - - . 14,795-8 lbs. 

inmosthay Quarry, Whit-bed 14,591*8 „ 

Admiralty Quarry, Rough Whit-bed ... - H,.S87*7 „ 

„ Whit-bed 13,979*5 „ 

„ Base-bed . ^ - 13,775 0 „ 

New Maggott Quarry, Whit-b.d - - - . 12,857*1 „ 

Old Maggott Quarry, LI Whit-l»ed - - - - 12,244*8 „ 

„ „ IT Base-bed ... - 12,857*1 „ 

*, ft LI Base-bed - - - - 8,163*2 „ 

Independent Quarry, Whit-bed- - - . - 11,632 6 ., 

Waycroft Quarry, Base-bed 1 1,836*7 „ 

Ife also observes that no definite conclusion can be drawn from the comparative pro. 
perties of the specimens of stone from one and the aame locality, quarried at different 
periods of time, regarding the influence exerted by exposure, after quarrying, upon the 
quality of the stone. On the whole, the evidence may be considered as a little in favour 
of the opinion that an improvement in the strength of the stone is effected, to some ex- 
tent, by seasoning.** 

15025. A very instructive set of experiments on the strength of Portland stone (brown 
bed), a material now so greatly employed in building, was made by a committee of the 
Institute, above-mentioned. 


Table or the Stkenotii of Cubes of Portland Stone. 



1502c. C. H. Smith has tbserved ( Transactiont of Vm Institute of BriHah Architecta^ 
I860, page 174.), that “the stone which jiossesses the least cohesive strength, or that 
which will crush with less pressure than any other, is nevertheless strong enough, when 
well fixed in a building, for almost all practical purposes. No architectural members have 
to sustain greater pressure, in proportion to their size, than mullions of large Gothic 
windows, llie tracery in the great north window of Westminster Hall is now executed 
in Bath stone, which is remarkable for having the least cohesive strength of all the speci- 
mens described as experimented upon in the Report on Stone, See. Some of the mullions 
of that window are less than nine inches wide and more than forty feet high, sustaining not 
only their own weight, hut also that of the whole of the-tracery beneath the arch. The 
eastern window of Carlisle Cattredral, built with a friable -red sandstone, is ^fty feet high, 
the mullions are smaller, and the tracery much heavier than in that at Westminster, yet in 
neither of theae examples arc there any symptoms of crushing. The cohesive strength of 
stones is never more severely tested than during their conversion by workmen from the 
rough state to being fixed in their final situation in a building. During theae operations, 
iron levers, jacks, lewises^ and various other implements are applied, frequently with but 
ilttle -regard for the medianieal violence which a jtone will sgfely bear { and it may, there- 




CtiAt. L 


WALI.S AND PIERS. 


^5 


fore, be considered a useful practical rule, that, however sod a stone i^ay he, if it resist the 
liability of damage until out of the masons* hands, there can be little doubt of its possess- 
ing stimcieut cohesive strength for any kind of architectural work. If the foundation be 
insufficient, or any part of the edifice give way, so as to cause an, unfair or unequal pres- 
sure, a sod stone will, of course, yield sooner than a liard one." 

}502d. Unfortunately," writes Warr, Dftnamics^ 1851, “those experimental results 
which we possess were obtained without attention to the fact that the specimens should be of 
t certain height to show a proper compressive strength. The bulk of the examples an? 
with cubes, a fault excusable with those experimenters who made their work public before 
those peculiarities were well known, but the same cannot lie said of the investigations con- 
ducted by the Commissioners ; these experiments, executed with singular minuteness on 
some points, would have lieen useful, from their variety^and specification of the localities, 
but they were made on (24nch) cubes, at a period when the laws of fracture were as puhl c 
as at present, and are tlierefore of limited value.” 

1502e. Hodgkinson {Phil. Trows., 1840, p. .085), %und that in small columns of one 
inch to one and three-(]uarter8 inch square, and from one to forty inches long, a great 
foiling off occurred when the height was greater than twelve times the side of the base. 
Thus, when the lengtli was — 


12 times tlie 
15 „ 

24 „ 

30 

40 „ 


sixe of the base, the strengtli was 
»» »♦ »♦ 

»i »» *> 

»» », »» 

»> »» 


138 

• a little less 

• 96 
75 
52 


He also f|pnd that with |^l irs shorter than thirty times the thickness, fracture occurred 
by one ol tlie ends filling, and as the longer columns deflected more than the shorter, they 
presented less of the base to resist the pressure, and therefore more readily gave way. 
Thus the practical view from these experunents points out an increase of area at the ends 
as lieing most economical, and that in proportion to the middle as 13,766 to 9,595 nearly* 
From tlie experiments it would appear that the Grecian columns, which seldom had their 
length more than about t.n times the di 8 met 2 r, were nearly of the form capable of bearing 
the greatest weight wlien their shafts were uniform ; and tliat columns, tapering from the 
bottom to the top, were only capable of bearing weights due to the smallest part of their 
section, though tiie larger end might serve to prevent lateral thrust. This last remark 
applies, too, to the Egyptian columns, the strength of the column l>eing only that of the 
smallest part of the section. (British Association for the Advancement of Science, 15 4 
R€port, 1845, p. 27.) 

1502/. It might be asked, how does this apply to those small shafts or colonettes so 
freely used with piers in pointed architecture, and which arc generally in height upwards 
of thirty times their diameter. We would refor the student to the ))aragraph 1502c., 
respecting the mullions in windows, and to the circumstance that the small shafts are not 
pinned'in to the work, but are left free, so that they only apparently carry the weight 
imposed on their capitals. Wiiere no attention has b en paid to this necessary precaution, 
in modern work, the shaft has fractured wiien of soft, or sliaky, stone. 


1502^. Table op the Stkength of Shafts 12 inches long, 3 inches diameter, 


( Being experiments made by a committee of the Institute, as above-mentioned. ) 


Materials. 

Cracked. 

Crushed. 

On sipiare 
inch. 

Remarks. 

Portland stone : 

Tons. 

Tons. 

Tons. 

All yielded vertically. 1 

Worked - - - 

7‘3 

10*25 

1*48 

Bedded in leather. 

Rough tooled 

Devonshire marbles : 

- 

8 57 

1*00 

Bedded in plaster. 

Jpplepen, mottled red 

9'2 

10-7 

1 37 

[with vein. . 

Poltesco, grey green 

4-3 

4*3 

0*60 

Went across and not 

Ditto - - ’ 

• 

60 

0*84 

Went at once. 

r 

- 

.33*^ 

4*73 

Went into fragments. 

Signal Staff, red and black < 

200 

12-75 

22*5 

16-2S 

3*18 

2*29 

Ditto. 

Cadgewltli, green and black 

16*92 

17*62 

2*49 



15024. Fairbairn, in a paper read at the Manchester Philosophical Society, and given in 
vol; xiv, of the Proceedings ; and ala^i in his U9«fkl Informaiiwi^ See , 2nd Series, has detaifod 
the following results of his researches 
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Cruthlng WelgHt 
in Ibt. p«r iq. m. 


GrAUwacke from Penmaenmaur . • • - 16|893 

Basalt, Whinstone II»970 

Granite, Mountsorrel • • - - - 12,861 

Ditto, Argyleshire - - - • - - 10,917 

Syenite, Mountsorrel - • - • • 11*820 

Sandstone, strong Yorkshire, mean of 9 experiments - - 9,824 

Ditto, weak specimens, locality nut stated 3,000 to 3,500 

Limestone, compact, strong - - . - - 8,528 

Ditto, Magnesian, strong - - - - 7,098 

Ditto. ditto, weak - . - - 3,050 


1502£. He further shows that the resistance of strong ^dstone to crushing in a direo 
hon parallel to the layers, is only six- sevenths of the resistance to crushing in a direction 
perpendicular to the layers. The hardest stones alone give way to crushing at once, with* 
out previous warning. All others begin to crack or split under a load less than that which 
finally crushes them, in a proportion which ranges from a fraction little less than unity in 
the harder stones, down to about one half in the softest. The mode in which stone gives 
way to a crushing load is in general by shearing. The factor of safety in structures of 
stone should not be less than eight in order to provide for variations in the strength of the 
material, as well as for other contingencies. In some structures which have stood it is 
less ; but there can be no doubt that these err on the side of boldness, as urged by 
Rankine, Civil Engineering^ page 361. 


1502A. Table of the Weights required to Crush Bricks. 


Experiments by T. Cubitt. 

Yielded to. 

Crushed by. 

Remarks. 

Good place bricks 

Ditto - - - - 

Two common stocks 

Good stock ... 

Superior washed stock - 

Ordinary place brick 

Ditto - - - - 

Common ditto - - - 

11 tons 

16 „ 

10 „ 

SO „ 

36 „ 

3 „ 

3 „ 

1 6^ tons 

24 .. 
(16 

1 16i „ 

34 „ 

44J „ 

9 »» 

6 ,* 

5 to 2^ ,, 

Bedded on plaster. 
Ditto. 

No plaster. 


A brick made by Beale's machine being placed on bearers seven inches apart, was broken 
in the middle by the weight of 2,625 lbs. A common hand-made brick was broken by 
645 lbs. The hollow or frog formed in the underside of a brick necessarily lessens its re- 
sisting power. Young ( Nat, Phil') states that the cohesive strength of a square inch di 
brick is 300 lbs., but the quality is not stated. Other experiments give the following 
strength of bricks : — 

Cwt. 

Brick of Huntingdonsliire clay, perforated, per square inch - 31 
„ Suffolk clay, solid ; (broke across) „ „ . 8'75 

„ Made by Prosser's machine, bore „ 

„ Arsley, and not crushed „ „ 

„ Ordinary stock, "j 

„ Common 6re clay, > per square foot 

„ Good ditto, J 

tf Used at Edinburgh Gas Works, of fire clay and iron stone, 

per square foot ^ • 

1 502/. Brickwork , — Brick piers 9 inches square, 2 feet 3 inches high, made of good 
sound Cowley stocks, set in cement, and proved two days afterwards : — 


Tons. 

Cwt. 

58 

18 

16 

12 

90 

0 

83 

0 

140 

0 

157 

0 

396 

0 

400 

0 


Cracked at Broke at 

Brick flat, compressed quarter of an inch • - - 25 tons 30 tons 

Brick on edM, did not compress • • - - SO ^ S5 „ 

1502m. Mr. L. Clarke's experiments for the works at the Britannia and Conway 
tubular bridges, on brickwork in cubes, showed that — 

9 inches, cemented, Mb. 1 or best quality, set between deal 
boards, weighing 54 lbs., crushed with 19 tons i 8 cwt 

2qrs. 22lbs. 551*3 lbs. per square inch. 

9 indies, No. 1, set in cement weighing 53 lbs., crushed with 

Sfltons Sewt Oqrs. 17 lbs. • • 618*7 lbs« 






^A1.U AKD P1EE& 


CKAf. 1. 

9 inchci* ^0* S, i«i la ctttacat, weighing 52 Ibt., crushed with 
leiontSewi 2qrt. Bibs. 


lesons OSW^ X qnu QIDS. • • « q Ik. 

inche*. No. 4. in cement, weighing 5Sj lbs., crushed with “ ^ 

3ltonel4cwt. Iqr. nibs. . . -SCS Slhs 

9 inches, No. 4, set between boards, weighing .54Ubs. crushed ' ” " 

with IStoniSewt. Oqrs. lalba - . - 417 0 lbs. 

“ • • • » 521*0 lbs ** ** 

The thiwlest cubes continued to support the wdgbt, although cracked in all directions; 
Ihcy fell to pieces when the load was remoTed. All began to show irregular cracks a con* 
viderable time before it gave way. The average weight supported by these bricks was 
S3 *5 tons per square foot, equal to a column 583*69 feet high of such brickwork. (Fair- 
buirn, AppUeaHon^ &C.9 page 192.) 

1502ft. To crush amass of solid brickwork 1 foot square, requires 300,000 lbs. avoir- 
dupois, or 134 tons 1\ cwt. 

1502o. Besides compre^ion^ stone is subject to delrusion and a transverse strain, as when 
nsed in a lintel. Of these strengths in stone little is officially known, but we are perfectly 
aware of the danger of using any kind of stone for beams where there is much chance of 
serious or of irregular pressures. Its weakness in respect to this strain is manifest from al| 
experimental evidence concerning it. Gauthey states the value of a constant S, for hard 
limestone — 78 Ihs ; for soft limestone =& 69 lbs. Hodgkinson, taking the power of resisting 
a crushing force as » 1000, notices-^ 

Black marble • 

Italian marble 
Roclidale flagstone 
Yorkshire flag 
Mean 

Common bricks, S«64 Ihs. (Barlow.) 

1502p. The danger above noticed is so great, that it becomes essentially necessary in all 
rough rubble work to insert over an opening either an iron or timber lintel, or a brick or 
stone arch, to carry the superincumbent weight, and thus prevent any pressure upon tl>e 
stone. This must be done more especially when beams or lintels of soft stone arc used ; 
the harder stones, as Portland, may in ashlar work support themselves without much 
danger. In rubble masonry, the stone arch may be shown without hesitation in the face 
of the work ; and also in domestic architecture, the brick arch may exhibit it.self in the face- 
work if thought desirable. Portland stone has been constantly used to extend over a 
comparatively wide opening. All blocks set upon it should have a clear bed along the 
middle of its length. Thus cills to windows should always be set with clear beds, or, as the 
new work settles, they are certain to be broken. Lintels over even small openings wc)rked in 
Bath or some of the softer stones, are very likely to crack across by very slight settlements, 
e.specially vt hen supported in their length by a mullion or small pier, as is often introduced. 
We need hardly add that where impact or collision is likely to occur, no lintel df stone 
should be used. 

15025'. Marble mantles may sometimes be seen to have become bent by their own 
weight. Beams of marble have been employed in Grecian temples as much as 18 feet in 
the clear in the propylaea at Athens ; and marble beams 2 feet wide and 13 inches deep 
were hollowed out, leaving 4| inches thickness at the sides and 3^ inches at the bottom ; the.se 
beams were about 13 ftet in the clear in the north portico of the temple at Bassse near 
Phigaleia. 

1502r. 'I'he cohtaioe power of stone is seldom tested. The subject of crushing weights, 
or the compression of timber and metals, will be treated in a subsequent section (1631e. 
et aeq.) ; and the strength of some other materials will be given in the chapter MATiaui^i. 






Tensile 

Transverse 





strain. 


strain. 

• 

• 


- 

- 143 

and 

10-1 

- 

- 

. 

. 

- 85 

»» 

106 

• 

- 

. 

. 

- 104 

tf 

9 9 

• 

. 

- 

• 

0 


9-5 

- 

- 

- 

- 

- 104 

»» 

10*0 


Ok the Stability or Walls. 

1503. In the construction of ediflees there are three degrees of stability a.ssigaablc to 
walls. I, One of undoubted stability ; II. A mean between the last; and the III. The 
least thickness which they ought to possess. 

1504. The first case is that in which from many examples we find the thickness equal to 
one eighth part of the height: a mean stability is obtained when the tlnckness is one tenth 
part of the height ; and the minimum of stability when one twelfth of its height We are, 
however, to recollect that in most buildings one wall becomes connected with another, so 
that stability may be obtained by considering them otherwise than as independent walls. 

1505. That some idea may be formed of the difference between a wall entirely isolated 
and one connected with one or two others at right angles, we here, give Jig$. 591, 592, 
and 593. It is obvious that in the first case {jfig, 59 1.)« a wall acted upon ^y the horixontal 
finroe MN, will liave no resistsnee but from the breadth of its base ; that in the second 
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K«.a9| Fig.m, 

ease ( fig. 59‘2 ) the wall GK U opposed to the force MN. so that only the triangle of If 
HIF can be detached ; lastly, in Jtg 59.0. the force MN would only he effective ogain at 



I-ig 5')3 


the triangle CGH, which uould, of course, be greater in proportion to the increased dis- 
Unce of the walls Cl), HI. 

1505. In the first case, the unequal settlement of the soil or of the construction may 
produce the effect of the force MN. Ihe wall will fall on the occurrence of an horizontal 
disunion between the parts. 

1507. In the second case the disunion must take place obliquely, vhich will reouire 

a greater effort of the power MN. ^ 

1508. In the third case, in order to overturn the wall, there must be three fractures 
thv'ugh the effort of MN, requiring a much more considerable force than in the second case. 

1509. We may easily conceive that the resistance of a wall standing between two others 

will be greater or less as the waUs CD, HI are more or less distant ; so that, in an extreme 
approximation to one another, the fracture would be impossible, and, in the opposite case, 
the ml. rmediate wall approaches the case of an isolated wall. ^ 

1510 Walls enclosing a space are in the preceding predicament, because they mutually 
tend to sustain one another at their extremities ; hence their thickness should increase 
as their length increases. 

1511. The result of a vast numlier of experiments by Rondekt, whose work we are 
•till usmg, will be detailed hi the following observations and calculations. 
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mcc^ EFGfl {fy* 595.). Draw ihe diagonal BD» and about B make Bd ecjual to one 
acghth part of the height, if great stability be required ; for a mean stability, the n'uith or 
tenth part : and, for a light sraoility, the eleventh or twelfth part* If through the point 
d a parollei to A B be drawn, the interval wUl give the thickness to be assigned to the great 
walls £F, GH, whose length is equal to AD. 

1513. The thickness of the walls EG, FH is obtained by making AD' equal to their 
length, and, having drawn the diagonal as before, pursuing the same operation. 

1514. When tlie walls are of tlie same height but of different lengths, as in Jig, 596 , 


the operation may be abridged by describing on the point B 597.) as a centre with a 
radius equal to one eighth, one tenth, or one twelfth, or such other part of the height as 
may be considered necessary Ibr a solid, mean, or lighter construction, then transferring 
their lengths, KF, FG, GH, and HE from A to D, D', D", and D"' ; and having made 
the rectangles AC, AC, AC", and AC'", draw from the common point B the di^onals 
BD, BD , BD", and fiD ", cutting the small circle described on the point B in different 
points, through which parallels to AB are to be drawn, and they will give the thickness of 
each in proportion to its length. 

1515. In Jigs. 598. to 602. are given the eperations for finding the thicknesses of wadr 




«icWm« polygoiuJ nea nMipowd to be of tbe mne height ; thw 

aide of Aehei^n (ftg. 602.)! AD' that of the pentagon (Jg. 6010 i AD the side of 

the square (MS99.) ! and AD'" that of the equilateral triangle (/p. 600,> 

1516. It U^nifest that, by this method, we increase the thiekneases of the waHs in 
proporUon to their heights and lei^hs ; for one or tlie other, or both, cannot uicrwise oi 

dimiiush without the aame himpeiung to the diagonal. 

1517. It U obHous that it is easy to calcuUte in numiwrs ♦’’* nli 

by the tin^ rule of tbreoi for, knowuig-the three aides of the tnsige ABU. 
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theory of architecture. 

limilor to the smaRer triangle Brfe, we haye BD :lBd::AD : Thus, sup^ioae tJi» 

length of wall represented by AD»26 feet, and its height AB«b 12 feet, we shall have thn 
length of the diagonal «=30 feet 51 Inches ; and, taking the ninth part of AB, or 16 inches^ 
as the thickness to be transferred on the diagonal from B to d, we have SO ft. 6 in. : 
16 in, : : 28 ft. : 14 in. : 8 lines («/). The calculation may also be made trigonometrically; 
into which there is no necessity to enter, inasmuch as the rules for obtaining the result may 
be referred to in the section ** Trigonometry,^ and from thence here applied. 


Method of enclosing a given Area in any regular Polygon, 

1518. It is manifest that a polygon may be divided by lines from the centre to its angles 
into as many triangles as it has sides. In fig, 601., on one of these triangles let fall from 
C (which is the vertex of each triangle) a perpendicular CD on the base or side AB whick 
18 supposed horizontal. The area of this triangle is equal to the product of DB (half AB) 
bv CDU#r to the rectangle DCFB. Making DB=sx, CDs=y, and the area given we 
shall hAe, 

For the equilateral triangle, jr x y x 3»p, or xy | ; 

- For the square, ay x 4 — p, or ay = J ; 

For the pentagon, ay x 5-=p, or Ty=i ^ ; 

For the hexagon, ay x 6 «/), or ay = 

Each of these equations containing two unknown quantities, it becomes necessary to as- 
certain the proportion of a to y, which is as the sines of the angles opposite to the sides 
DB and CD. 

1519. In the equilateral triangle this proportion is as the sine of 60 degrees to the sine of 
30 degrees; that is, using a table of sines, as 86603 : 50000, or 8§ : 5, or 26 : 15, whence 

a : y::26 : 15, and 15a=26y; whence y= 

Substituting this -^alue in the equation ay= we have 


r= which becomes a* and as* 


Supposing the area given to be 3600, we shall therefore have 


a;— and the side AB«91 *2. 

For the pentagon, a : y : :sin. 36° : sin. 54°, or as 58779 : 80902, whence 

__809n24r 
68799 • 

Substituting this value in the equation ay=s j^, we have 


80902#^ 3600 , ./58779 x 720 

58779' “ 5 » a «■ V " f 


80902 


which makes a«92'87, and the side A6*»45’74. 

For the hexagon, a ; y::sin. 30° : sin, 60°, or as 50000 : 866031:5 : 8J, whence the value 
uf yam^l~. This value, substituted in the equation aya»-|, will give ?^«x600; whence 

r* I lastly, therefore, a— v'346*15« 18*61, and the side A B— 37*22. 


Geometrically. 

1520. Suppose the case that of a pentagon {fig. 601.^ one of whose equal triangles is 
ACB. Let fall the perpendicular CD, which divides it into two ^qiial parts; whence its 
area is equal to the rectangle CDBF. 

1521. Upon the side AB, prolonged, if necessary, make DE equal to CD, and from the 
middle of BE as 'a centre describe the semi-circumference cutting CD in G, and GD will 
be the side of a square of the same area as the rectangle CDBF. The sides of similar 
figures (Geometry, 961.) being as the square roots of their areas; find the square root 
of the given area and make Dy equal to it. From the pi^nt g draw parallels to GE and 
GB. which will determrno on AB the points • and h, an4 give on one side D6 equal to 
one half of the side of the polygon sought ; ond, on the other, the radius Dc of the circum- 
ference in whirh it is inscribed. This is manifest because of the similar triangles EGB 
and egb^ from which BD : DE : : 6D : De. 

1528. From the truth that the sides of similar figures am to each other as the squara 
roots of their areas we arrive at a simple method of reducing^ any figure to a given area. 
Form an angle of reduction {fig. 603. ) one of whose sides is equal to the aqiiaie root 
of the greater area, and t^e chord of the arc, which determines the stse of the angle equa( 
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to the square root of tlie smaller area. Let, for instance, the 
larger area n> 1 1 96. and that of the smaller, to which the figure 
IS to be reduced, >r 529. Draw an indefinite line, on which 
make AB>»34, the squue root of 1156. Lastly, from the 
point A, as a centre, having described an indefinite arc, with a 
length equal to the square root 23 of 529, set out lig ; through 
g draw A^, which will be the angle of reduction pAB, by means 
of which the figure may be reduced, transferring all the mea- 
sures of the larger area to the line AD, with which arcs are 
to be described whose chords will be the sides sought. 

1 523. If it be not required to reduce but to describe a figure whose area and form are 
given, we must make a large diagram of any area larger than that sought, and then 
reduce it. 

1524. The circle, as we have already observed in a previous subsection (933.), being but 
a polygon of an infinite number of sides, it would follow that a circular enclosure would be 
stable with an infinitely small thickness of wall. This property may be easily demonstrated 
by a very simple experiment. Take, for instance, a sheet of paper, which would not easily 
be made to stand while extended to its foil length, but the moment it is bent into the form 
of a cylinder it acquires a stability, though its thickness be not a thousandth part of its 
height. 

1525. But as walls must have a certain thickness to acquire stability, inasmuch as 
they are composed of particles susceptible of separation, we may consider a circular en- 
closure as a regular polygon of twelve sides, and determine its thickness by the preceding 
process. Or, to render the operation more simple, find the thickness of a straight wall 
whose length is equal to one half the radius. 

1526. Suppose, for example, a circular space of 56 ft. diameter and 18ft. high, and 
the thickness of the wall be required. Describe the rectangle A BCD {fig, 594.), whose 
base is equal to half the radius, that is, 14 ft., and whose height AB is 18 ft. ; then, 
drawing the diagonal BD, make Bd equal to the ninth part of the height, that is, 2 ft. 
'llirough d draw ad parallel to the base, and its length will represent the thickness sought, 
which is 14i| inches. 

1527. By calculation. Add the square of the height to that of half the radius, that is, 

»f 18sa324, and of 14 *» 196 («520). Then extract the square root of 520, which will he 
'■;und and this will he the value of the diagonal BD. Then we have the follow- 

ing proportion ; 22*8 : 14 :: 2 ft. (j the height) : 14 ‘74. 

1528. The exterior wall of the church of St, Stefano llotondo at Rome (Temple of 

Claudius) incloses a site 198 feet diameter. The wall, which is eontructed of rubble 

masonry faced with bricks, is 2 ft. 4 in. (French) thick, and 22| ft. high. In ap- 
plying to it the preceding rule, we shall find the diagonal of the rectangle, whose base 
would be the side of a polygon, equal to half the radius and 22J ft. high, would be 
A/49ix 49J + 224 X 22J = 54.^. Then, using the proportion 54*37 : 49*5 :: : 2ft. 

3 in. and 4 lines, the thickness sought, instead of 2 ft. 4 in., the actual thickness. We 
may as well mention in this place that a circle encloses the greatest quantity of area 
with the least quantity of walling ; and of polygons, those with a greater number of sides 

more than those with a lesser: the proportion of the wall in the circle being 31416 to an 

area of 78540(XK) ; whilst in a square, for the same area, a length of wall equal to 35448 
would be required. As the square falls away to a flat parallelogram, say one whose sides 
are half as great, and the others double the length of those of the square, or 17724 by 4431, 
In which the area will be about 78540000, as before ; we have in such a case a length of 
walling 88 44310. 

On ike Thickness of Walls in Buildings not vaultid, 

1529. The walls of a building are usually connected and stiffened by the timbers of the 
roof, supposing that to be well constructed. Some of the larger ^ificcs, such as the 
ancient b^ilicee at Rome, have no other covering but the roof ; others have only a simple 
eeiUng under the roof ; whereas, in palaces and other habitations, there are sometimes two 
or more floors introduced in the roof. 

1 530. We will begin with thoi» ^ifices covered with merely a roof of carpentry, which 
are, after mere walls of enclosure, the most simple. 

1531. Among edifices of this species, there are some with continued points of support, 
such as those wherein the walls are connected and mutually BUiqwrt each other ; others in 
whhfli the points of support are not connected with each other, such as piers, columns, and 

— •■i 1 t ] e .1 
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1532. When the carpentry forming the roof of an edifice is of great extent, instead of 
being injurious to the stability of the ivalls or poinU of support, it b useful in keeping them 
tc^ether. 
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1553. Many ediBces exist when^ ll|e walls and points of support would !BOt Slii id 
without the aid of the carpentry of the rd<^ Ruit cover tluona* 

' The old basilica of & fitm k mard at Rome divided 4nto five naves 

formi^d by four ranks of colum^ ebimeeted by arcades^ whieh ea^ed the walls whereon the 
roof rested; the centre nave 7^^ ft. (French) wide, and 93 ft. 10 in. high. ^Oie walls 
of it are erected on columns 31 ft. 9 in. high, and their thicfkness is a little less than 3 ft., 
that is, only ^ part of their height 

1535. At Hadrian's Villa the most lofty waHs, still standing, were but sixteen times 
their thickness in height and 51 ft- 9 in. long. The walls were the enclosures of 
large halls with only a single story, but assisted at their ends by cross walls. And we 
may therefore conclude that if the walls of the basilica above mentioned were not kept in 
their places by the carpentry of the great roof they would not be safe. It is curious that this 
supposition, under the theory, was proved by the fire which destroyed the church of St. Paolo 
in 1823. 'rhe walls which form the nave of the church of Santa Sabina are raised on columns 
altogether 52 ft. high ; they are 145 ft. long, and somewhat less than 2 ft., that is, part 
of their height, in thickness. They are, therefore, not in a condition of stability without the 
aid of the roof. In comparing, however, the thickness of these walls with the height only 
of the side aisles, in the basilica of St. Paolo the thickness is and at Santa Sabina In 
the other basilicte or churches with columas the least thickness of wall is of greater pro^ 
portion unconnected with the nave, as at Santa Maria Maggiore, Santa Maria in Trastevere, 
St Chrysogono, St Pietro in Vlncolo, in Home ; St. Lorenzo and St. Spirito, in Florence ; 
St Filippo Neri, at Naples ; St Giuseppe and St Dominico, at Palermo. 

1 536. We must take into account moreover, that the thickness of walls depends as much 
on the manner in which they are constructed, as on their height and the weight with which 
they are loaded. A wall of rough or squared stone 1 2 inches thick, wherein all the stones 
run right through the walls in one piece, is sometimes stronger than one of 1 8 or 20 inches 
in thickness, in which the depth of the stones is not more than half or a third of the thick, 
ness, and the inner part filled in with rubble in a bad careless way. We are also to recollect 
that stability more than strength is ofttimes the safeguard of a building ; for it is certain 
that a wall of hard stone 4 inches thick would he stronger than would be necessary to 
bear a load equal to four or five stories, where a thickness of 1 8 inches is used ; and yet it 
is manifest that such a wall would be very unstable, because of the narrowness of the liase. 

1537. From an examination which liondelet made of 280 buildings in France and Italy, 
ancient as well as modern, he found that in those covered with roofs of two inclined sides 
and constructed in framed carpentry, with and without ceilings, and so trussed as not to 
act at all horizontally upon the walls, the least thickness in brick or rough stones was 
jj'j of the width in the clear. 

1538. In private houses, divided into several stories by floors, it was observed, generally, 
that the exterior walls ran from 15 to 24 inches, party walls 1 6 to 20 inches, and par- 
tition walls 12 to 18 inches. 

l.'JSQ. In buildings on a larger scale, exterior walls 2 to 3 feet thick, party walla 
20 to 24 inches, partition walls 15 to 20 inches. 

1540. In palaces and buildings of great importance, whose ground floors are vaulted, 
the exterior walls varied from 4 to 9 feet, and the partition walls from 2 to 6 feet. In 
many of the examples which underwent examination, the thicknesses of the walls and 
points of support were not always well proportioned to their position, to the space they 
enclosed, nor to the loads they bore. In some, great voids occur, and considerable loads were 
supplied with but slender walls and points of support ; and in others, very thick walls eiv.^. 
closed very small spaces, and strong points of support had but little to carry. 

1541. For the purpose of establishing some method which in a sure and simple manner 
would determine the thickness of walls in buildings which are not arched, we have con- 
sidered, says Rondelet, that the tie-beams of the trusses of carpentry whererf Ibe roofs 
are imposed, being always placed in the direction of the width, as well as the girders and 
leading timbers of floors, serve rather to steady and connect the opposite Walls ; but, con- 
sidering the elwticity and flexibility of timber, it is found that they strain Hit waUs which 
support them in proportion to the widths of the spaces enclosed, whence it beConMi often 
the better plan to determine the thickness of the walls from the width and height ©f the 
apartmento requisite. Hence the following rule*. 


Fint Ruk, 


their 


1542. In buildiim Domed with « simple roof, if the w»lU are insulated tfarouiAotii 
Sir height up to under side of the tie-beams of tb04i*|i8ses, being as shown in Jia, 604k 

Having drawn rtediagonJ BDa^ «en«»,snadf B* eqSu to the twJs, ^ 

of Ae hagto AR tii«i through the.poiiitai and 4 Ji^iliiiaa parallel to BA oraha' 
which will bouiiA,t|}e thickness of the W|^ tequtM. ^ 

1543. If tlie height AB and width AD be known, «w tt$eka«ta A« may be 


Git*?. I. 


WAti-s ANi> nsm 


t«dt)g th«t BD* -%/AB*+ AD’; knowing t|a* ^ 

Ytlue of BD| tre hnve thiDt of cA by the pro- 

portion BD: AD:: ii 

Firtt Examplo. ||r^' f * M 

IA44, Supposing the width. AD«24ft., and E \ I M 

the height Ail** 33* we shall have B \ B 

V'AB’ + AD'-« V '24 X 24 + 32 X 32 ; whence H i\ M 

BD«-v/576+I024-«V'1600 «40ft. B 1 \ B 

B6, which it the twelfth part of A B, or of H * \ B 

32 ft. n 2 ft. 8 in. ; the thickness of the wail H ri \ B 

expressed by be ft.» or S 0 

I ft. 7 in. 2 lines, for the thickness sought. m • \ B 

1545. If the walls supporting the roof were Hi \ B ■ 

ttiffened by extra means, such as lower roofs 0 B 

an intermediate height, as in churches with a 'm ; \ 

ftavo and side aisles we may make Be in the g M 

diagonal BD (Jig, 605,) equal to one twelfth ; 34 0 

of the height above the springing of the side e v ns ^ 

roofs, and ef a twenty-fourth part of that height 

below it, and draw tlirough the point / a line Fig. 604. 

parallel to AB, which will determine the thickness A/' sought;^ or, which amounts to the 
same thing, add together the total height AB of the interior, and that of E B above the 
point of support, E, whereof take the twenty-fourth part, which will be equal to Be + ef. 


Second Example. 

1546. Fig. 605. is a section of St Paolo fuorl le murd, near Rome, as it was in 1816 



The interior Wight to the under side of the tie-beams is 93 ft. 10 in. (French\ wherc<d‘ 
26 ft. 21(0. is the exterior height above the roofs of the side aisl^ These two dimeiYsionb 
together make 120^, whose twenty-fourth part is 5 ft., to wiMch,'jn^ the diagonal BD 
make B/ equal ; then fhorn the point f letting fall a vertical line, me horixontal line Be 
will determine the thiekoesa, which will be 3 ft., the width of the nave being 73 ft. 6 in. 
la %ures, as'fbllows : — * 

‘ > -- ■ — 

BD« VdSitlOitk. x9Sft lOia 4 7Sft.6iii. x73ft. 6 ia-s v^l4207nll9ft. 2ia 

JiM7. F« the thioknen. eB.,^ BD : AD;:B/: AT* whence, 

—Sft. X ia, sBsteiMltf^^fftn^llla* elites, the actual thlejfaMMiiofthe walls. 
1 . 44 ^. The same celoulndfli^ ko the trails of the nuke ef Santa Ssbtna 

I>p2 




40 « 


THEORY OF ARCHITECTURE. 


Book II. 


(Rome), whose height of nave is 51 R. Si^ and width 48ft. 2 in., 4rith a height of l€ft. 
of wall above the side aisles, gives 81 in. 4 lines, and they are aotually a little less than 84 in 

154^^^he church of ^nta Maria Maggiore, the width is 58 ft. 7| in., and 56 ft. 6 in 
and 4^^^kigh, to the ceiling under the root The height of the wall above the tide 
aisle^^^H B in., and the calculation requires the thiclmess of the walls to be 26^ in. 
actn^ thickness. 

155d.’ntn the church of St, Lorenzo, at Florence, the internal width of the navi Is 
37 ft. 9 in., and the height 89 ft. to the wooden ceiling ; from the side aisles the wall is 
18 ft. high. The result Of the calculation is 21 in., and the actual execution 21 in. and 
S lines. 

1551. The church of Santo l^irito, in the same city, which has a wooden ceiling sus* 
pended to the trusses of the roof, is 76 ft. high and 37 ft. 4 in. wide in the nave the walls 
rise 19ft. above the side aisles. From an application of the rule the thickness should b*. 
81 in. 3 lines, and their thickness is 22^ in. 

1 552. In the church of St. Philippo Neri, at Naples, the calculation requires a thickness 
of 21 in., their actual thickness being 22J in. 

1553. In the churches here cited, the external walls are much thicker ; which was ne, 
re&sary, from the lower roofs being applied as leantoes, and hence having a tendency, in 
case of defective framing of them, to thrust out the external walls. Thus, in the church 
of St. Paolo, the walls are 7 ft. thick, their height 40 ft. ; 3 ft. 4 in. only being the thickness 
inquired by the rule. A resistance is thus given capable of assisting the walls of the stal es, 
which are raised on isolated columns, and one which they require. 

1554. In the church of Santa Sabina, the exterior wall, which is 26 ft. high, is, as the 
rule indicates, 26 in. thick ; but the nave is flanked with a single aisle only on each side, and 
the walls of the nave are thicker in proportion to the height, and are not so high. For at 
St. Paolo the thickness of the walls is only of the interior width, whilst at Santa Sabina 
it is At San Lorenzo and San Spirito the introduction of the side chapels affords great 
assistance to the external walls. 


Second Rule. 

For the Jhicknetis of WalU of Houses of more than one Story. 

1555. As in the preceding case, the rules which Houdelet gives are the result of ob. 
•enrations on a vast number of buildings that have been executed, so that the method 
proposed is founded on practice as well as on theory. 

1556. Jn ojdinary houses, wherein the height of the floors rarely exceeds 12 to 15ft., 
in order to apportion tl)e proper thickness to the interior or partition walls, we must be 
guided by the widths of tlie spaces they separate, and the nuinbei of floors they ha\e to carry. 
With respect to the external walls, their thickness will depend on the depth and height of 
the building. Thus a single house, as the phrase is, that is, onl> one set of apartments in 
depth, requires thicker external walls than a double house, that is, more than one apartment 
in depth, of the same sort and lieight ; because the stabdity is in the inverse ratio of the widtli. 

1 557. Let us take the first of the two cases {fg. 606.), whose depth is 24 ft. and height 



FIr. 606 . 


to the wider side of the roof 36 ft. Add to 24 ft. the half of the height, 1 8, and take ^ part 
of the sum 42, that is, 21 in., for the least thickness of each of the external walls above the 
$et^off on the ground door. For a mean stability add an inch, and for one still more solid 
add two inches. 

1558. In the case of a double house (fig. 607.) with a depth of 42 ft., and of the same 
height as the preceding example, add half the bei^ to the width of the building; that is» 
21 to 18, and of the sum — 19 j is the thickness of walls. To determine the thbkness 
of the partition walls, add to their distance from each other the height of the story and 
take ^ of the sum. Thus, tq dud the thickness of the wall IK, which divides the'^spaOe 
LM mto two parU and is 32 ft.» ^d the height of the story, which we w^ take at 10^ 
making in all 42 ft, and take ^ or 14 in. Half an indi may be added for each story above 
the ground door. Thus, where three stories oecur above the ground door, the * h i tTV ness in 
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the lower one woutd be I5| in.* a thick- 
new whidi Is well ealculat^ for bricks 
and stone, whose hardness is of a mean 
description. 

1559. For the wall A B, which divides 
the space between the external walls, 
equal to 35 ft, add to it the height, 
which is 10 ft., and of 45, the sum of 
the two; that is, 15 in. is the thickness 
required for the wall, if only to be car- 
ried up a single story ; but if through 
more, then add half an inch, as before, 

^r each story above the ground floor. 

For the spaces NO, PQ, RS, in this 
and the preceding figure, the repetition 
of the operation will give their thick- 
nesses. 

1 560. To illustrate what has been said, p 

fig. 608. is introduced to the reader, l>eing 

the plan of a house in the Rue d’ Enfer, near the Luxembourg, known as the Hotel Vendome^ 




FI*. 608. 

b\nlt by Le Blond. It is iriven by D’Aviler in his Cours d* Architecture. Tlie building is 
46 ft. deep on the right side and 47 ft. in the middle, and is 3.3 ft. high from the pavement 
to the entablature. Hence, to obtain the thickness of the walls on the line FF, take the 
sum of the height and width » 40 f^., whose twenty-fourth part m 20 in. The 
building being one of solidity, let 2 in. be added, and we obtain 22 in. instead of 2 ft., wliich 
is their actual thickness. For the thickness of the interior wall, which crosses the buibiing 
in the direction of its length, the space between the exterior walls being 42 ft. and the 
height of each story 1 4 ft, the thickness of this wall should be s* 1 8 in. 8 lines, instead 
of 18 in., which the architect assigned to it. 

1561. By the same mode of operation, we shall find that the thickness of the wall R, 
separating the salon, which is 22 ft. wide, from the dining-room, which is 18ft. wide and 
1 4 ft. hi^, should be 1 8 in. and 6 lines instead of 18 inches ; but as tlie exterior walls which 
are of wrought stone, are 2 ft. thick, and their stability greater than the rule requires, the 
interior will be found to have the requisite stability without any addition to their thickness. 

1 562. We shall conclude the observations under this head, reference to a house built by 
Palladio for the brothers Mocenigo, of Venice, to be found in his works, and here given (/p. 
609, ). Most of the buildings of this master are vaulted ^loiF i but the one in question is not 
in that predioament. The width and height of the prind!|ial rooms is 36 ft., and they are 
separated by others only 8 ft wide, so that the width which each wall separates is 25| ft, 

and thw tbiokness consequently should be •*13 in. 10 lines. Tbe walls, as exeouted^ 
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are 14 hi. in thickness. The exterior 
walls being 24 h. high, atid the depth ol 
the building 46 ft. Their thickness by 
the rule should be 17^ in. t they are 1 8 in. 

On passing the Metropolitan Build- 
ing Act in 1855, previous to which 
the thicknesses of walls depended on 
buildings felling within certain classes ur 
rates, we had the satisfaction of advising 
the Government to adopt the thicknesses 
of walls now directed to be used. These 
are based upon rules deduced from sec- 
tions 1512 et seq» Inasmuch, however, as 
it was thought that builders might be 
liable to mistakes in extracting the square 
root of the sum of the squares of the 
Fig. 609. heights and lengtlis of walls, tables were 

inserted in the Act to meet all cases. 

GeDersliy the formula f will be a useful guide in adjusting the thickness of walls, 
in which t » thickness, A and / respectively the height and length, d the diagonal formeil 
by the height and length, and n a constant determined by the nature of the building. In 
the tables for dwelling-houses, the constant multiplier (a) used was 22 ; for warehouses, 20. 
And hut for the interference in committee of the present Right Hon. Member for 
Oxfordshire (Mr. Henley), for what scientific reasons it is difficult to say, the constant 
multiplier for public buildings would have been 18. 

When A is less than the constants are 27, 23, and 20 lespectively. 




Of the Stability of Piers or Points of Support. 

1.563. Let A BCD {fg, 610.) be a pier with a square base whose resistance is required 

in respect of a power at M acting to overturn it * 

horixontally in the direction M A, or obliquely in 
that of NA upon the point D. Considering the 
solid reduced to a plane passing through G, the 
centre of gravity of the pier, and tlie point D, M 
that upon which the power is supposed to cause 
it to turn, let fall from G tlie veiticui cutting the 
base in I, to which we will suppose the weight of 
tlie pier suspended, and then supposing the pier 
removed, we only have to consider the angular 
lever BDlor HDI, whose arms are determined 
by perpendiculars drawn from the fulcrum D, 
ill one direction vertical with the weigiit, and in 
the other perpendicular to the direction of the 
power acting upon the pier, according to the Pig.eio. 

theory of the lever explained in u previous section. 

1.564. 'Phe direction of the weight R being always represented by a vertical let fell from 
the centre of gravity, the arm of its lever ID never changes, whatever the direction of the 
liower and the height at which it is applied, whilst the arm of the lever of the power varies 
as its position and direction. That there may be equilibrium between the effort of the 
power and the resistance of the pier, in the first case, when the power M acts in an hori- 



zontal direction, we have M : R::ID : DB, whence M x DB^R x ID and Mm— 

If the direction of the power be oblique, as N A in the case of an equilibrium, N : R: : ID 
; DH ; hence N X DH - U * 1 D and N- 

1 565. Applying this in an example, let the height of the pier be 1 2 ft., its width 4 ft. , and 
its thickness 1 ft. The weight R of the ptel* may be represented by its cube, and is there- 
fore 12 X 4 X 1 m 48. The arm of its lever ID will be 2, and ve will take ^e horiaontaJ 
power M represented by DB at 1 2 ; with these values we shall have M : 46 : : 2 : 1 2 ; hence 
M X 12*48 X 2 and M«^®«8. 

That is, the effort of the horizontal power M should be equal to the wdij^t of 8 cube 
feet of the roateriala whereof the pier is composed, to be in eqiiilibHuni •. 

1566. In respect of the oblique power which acb in the direction NA* tnppokng DH 

«7i, we have N : 48^:2 -:^71iSvbence N x 7J=«48 x 2, therefore 
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ezprcflPion ^ tlie 1i6r!toQUl power M was only 8 ft ; but it must bo observed, tint the arm 
of the lever is iSt whilst t^t of the power N is but 71 ft ; but 1S| x x 
which is also equal to the resistance of the pier expressed by 12 x 4 x 2 ib 96, It is more- 
over essential tp observe, that, considering the power N A as the result of two others, MA 
and FA, the first acting horbontally from M against A, tends to overthrow the pier ; whilst 
the second, acting verti^ly in tlie direction FA, partly modifies this effect by increasing tin 
resistance of the pier* 

1567. Suppose the power KA to make an angle of 53 degi'ees with tl)c vertical AF, 
and of S7 d^rees with tlie horizontal line AM ; then 

NA : FA : MA::rad. : sin. 37 deg. : sin. 53 deg. ::6 ; 10 : 8. 

Hence, NA being found «1SJ, we have 6 ; 10 : 8::1SJ : 8 : lOj. 

Whence it is evident that, from this resolution of the power NA, the resistance of 
the pier is increased by the effort of the power F A = 8, which, acting on the point A in the 
direction FA, will make the arm of its lever CD=e4, whence its effort =*8 x 4«s32. 

1568. The resistance of the pier, being thus found =ts96, becomes by the effort of the 
power FA«96 + 82=sl28. 

1569. The effort of the horizontal power M being lOj, and the arm of its lever being 
always 12, its effort 128 will be equal to the resistance of the pier, which proves that in 
this resolution we have, as before, the effort and the resistance equal. The application of 
this proposition is extremely useful in valuing exactly the effects of parts of buildings 
which become stable by means of ofilique and lateral thrusts. 

1570. If it be required to know what should be the increased width of the pier to coun- 
terpoise the vertical effort F A, its expression must be divided by 1 D, that is, 8x2, which 
gives 4 for this increased length, and for the expression of its resistance (12 + 4)x4x2 
= 1 28, as above. 

1571. If the effort of the power be known, and the thickness of a pier or wall wh se 
height is known be sought so as to resist it, let the power and parts of the pier be repre- 
sented lyy different letters, as follows. Calling the power p, the height of the pier d, the 
thickness sought x ; if the power p act in an horizontal direction at the extremity of the 
wall or pier, its expression will be p x d The resistance of the pier will be expressed by its 

area multiplied by its arm of lever, that is, d x « x | ; and supposing equilibrium, os the 
resistance must be equal to the thrust, we shall have the equation pxd»dxxx^. Both 
sides of this equation lietng divisible by d, we have p»dr x| ; and as the second tcim is 
divided by 2, we obtain 2praar x x or ; that is, a square whose area ■•2p, and of which x 
is the side or root, or xam^2p^ a formula which in all cases expresses the thickness to )je 
given to the pier CD to resist a power M acting on its upper extremity in the hurizontu] 
direction MA. 

1572. In this formula, the height of the pier need not be known to find the value of r, 
Ix^use this height, being common to the pier and the arm of the lever of the power, docs 
not alter the result ; for the cube of the pier, which represents its weight, increases or di- 
minislies in the same ratio as the lever. Thus, if the height of the pier be 12, 15, or 24 ft., 
iis thickness will nevertheless be the same. 

Example. — If the horizontal power expressed by p in the formula xsm v^2p be 8, we 
have XBB ^/^6^4 for the thickness of the pier. Whilst the power acting at the extremity 
of the pier remains the same, the thickness is sufficient, whatever the height of the pier, 
'fhus for a height of 12 ft the effort of the power will be 8 x 12«=96, and the resistance 
12 X 4 X 2-«96. If the pier be 15ft. high, its resistance will be 15x4x2=*! 20, and the 
effort of the power 8 x 15*= 120. Lastly, if the height be 24 ft., the resistance will be 
24 X 4 X 2 =* 1 92, and the effort of the power 8 x 24 = 1 92. 

1573. If the point on which the horizontal force acts is lower than the wall or pier, the 
diSbrenoe may be represented by /; and then pxfd— /)-*dxa:Xg 5 

Whicb^beoomes 2pd— 2p/«*da:* and -j^x* } 

Lastly 4P*=v^ 2p— 

Suppose p«*9. /a:6 and dsl2, 

the formula bboomeajraaV^ 18 — which is the thickness sought 

1574. ^ When the power NA is obliqde, the thickness may be equally well found by the 

arm of kver DH, by resolving it into two forces, as before. I'lius, in the ca.se of the oblique 
power caQing/its arm of levet 7^, we shall havep x whidi will become ^ 

which, substituting the known values, we have or** ^ 

^lii^iiee x^ViS «*4, the thickness souvlit of the pier, * 
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IS75. In iwolving the oblique effort NA into two fcf^ ultorwf «to iCAtMk^to 
overturn the pier hy acting* in* an horizontal directioii» and th# otlieryA to stremfthop it 
acting vertically, a« before observed ; let us represent tlte boriiOntai effort MA hrp; ita 
arm of lexer, equal to the height of the pier, by d; the vertical effort /A byn; the arm of 
lever cf the last-named effort, being the thickness sought, will be r , from which <we hare 


or 


2Ma 


the expiation 

1576. As the second member of this equation is not a perfoct square, let there be added 
to each side the term wanting, that is, the square tlie half of the quantity which 
niiiltipHed x in the second term, whence 

+ 


' S'/ 7. The second member, by this addition, having become a square whose ro^t is x + ^ ' 

we shall have ^ + ^ — ^ be the general formula 

for finding the thickness x. 


Application of the Formvlcu 

1 578. Let p «= 20|, » » 8, dtm 1 2. Substituting these values in the formula, at wi)' become 

x« v'21i + }-§= v'2lTPi=4. 

1579. 11^ for proof, we wish to calculate the expression of the resistance, by placing in the 
af)uation of equilibrium 2pd»dx^ x nx, the values of the quantities p, d» and x, above found, 

slmll have 

10Jx 12«12 y4*2-f8 = l 28, as was previously found for F A. 

1 580. From the preceding rules, it appears that all the effects whose tendency is to destroy 
an edifice, arise from weight acting in an inverse ratio to the obstacles with which it meets. 
When heavy bodies are meiely laid on one another, the result of tlieir efforts is a simple 
pressure, capable of producing settlement or fiactuie of the parts acted upon. 

1581. Foundations whose bases are spread over a much greater extent than the walls 
imposed upon them, are more susceptible of settlement than of crushing or fracture. But 
isolated points of support in the upper parts, which sometimes carry great weights on a 
small superficies, are susceptible both of settlement and crushing, whilst the weight they 
have to sustain k greater than the force df the materials whereof they are formed ; which 
renders the knowledge of the strength of materials an object of consequence in construction. 
Till of late years it was not thought necessary to pay much attention to this branch of 
construction, because most species of stone are more than sufficiently hard for tlie greatest 
number of cases. Tlius, the abundant thickness which the ancients generally gave to all 
the parts of their buildings, proves th^t with them this was not a subject of considei ation ; 
and the more remotely we go into antiquity, the more massive is the construction found to 
be. At last, experience taught the architect to make his buildings less heavy. Columns, 
wliich among the Fgyptians were only 5 or 6 diameters high, were carried to 9 diameters 
by the Greeks in the Ionic aud Corinthian orders. Tlie Homans made their columns still 
higher, and imparted ^eater general lightness to their buildings. It was under the reign 
of Constantine, toward the end of the empire, that builders without taste carried their 
boldness in light construction to an extraordinary degree, as in the ancient basilicee of 
St. Peter’s at Rome and St Paolo fuorl le mura. Later, however, churches of a different 
character, and of still greater ^fatness, were introduced by the Gothic architects. 

1.682. The invention and general use of domes created a very great load upon the sup.- 
porting piers ; and the earlier architects, fearful of the mass to be carried, gave their piers 
an area of base much greater than was required by the load supported, and the nature of 
the stone used to support it. 'ITiey, moreover, in this respect, did little more than imitate 
one another. The spiers were constructed in form and dimensions suited rather to the 
arrangement and decoration of the htiilding that was designed, than to a due apportion- 
ment of the size and weight to the load to be borne ; so that their difference from one 
another is in every respect very consideralde. 

The piers bearing the dome of St, Peter’s at Rome are loaded with a weight of 14*964 
tons for every Superficial foot of their horixontal section. 

The p&srs beating the dome of St. Paul’s at London are loaded with a weight of 17*705 
Sou for every superficial foot of their horizontal section. 

The piers bearing the dome of the Hospital of Invalids at Paris are loaded with a weigl^t 
of 13*598 tons for every superficial foot of their horizontal section. 

The piers bearing the dome of the Pantheon (St Genevieve) at Paris are loaded vkitb a 
weight ^ 26*934 tons for every superficial foot of their liorizontal section. 

The oolumnsm St Paolo friori le mura, near Rome, are loaded with a weight of 18*1^ 
tons for every superficial foot of their horizqptal section. 
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In tlie 4!hur<ph of St. Ifliw pieri of the tower are loaded with u|>vard8 of 27 tona to 

the wiperfiotal fbot. lUoh a diflcrepancy* it is difficult to say, without a most per- 

fect koowled^ of the steme emplc^ed, what should be the eiact weight per ftxtt Tlie 
dome of the Hospital of the Invalids seems to €xi»ibit a maxitnuin of pier in relation to 
the weight, and that of/ the PaMheon at Paris a miarmem. The weakest sandstene** 
(used in building) will bear a^oniprcEsion of 120 tons per foot, while ordinary building 
stones ranglB from HO to 500 tuns per square foot ; granites and traps 700 or 800 tons 
per square^foot ( Building Const/yction, 1 879, part 3, p. 8). Stones in some form of arches, 
letaining walls, Ac., are more liable to he crushed by reason of the pressure be'ng con- 
centrated upon certain points; and walls wherein different qualities of stone are usee 
are ^ strains by reason of inferior stones decaying, leaving their duty to b« 

taken by others of better quality. Settlements in a wall bring on strains not expected. 

RcUio of the Pointe of Support in a Building to iU total Superjiet«ti» 

1583. In the ps^es immediately preceding, we have, with Rondelet for our guide, 
explained the principles whereon depend the stabilities of walls and points of support, with 
tlieir application to different sorts of buildings. Not any point relating to construction Is 
of more imjwrtance to the* architect. Without a knowledge of it, and the mode of 
even generating new styles*^ from it, he is nothing more than a pleasing draughtsman 
at the best, whose elevations and sections may be very captivating, but who must be con^ 
tent to take rank in about the same degree as the portrait painter does in comparison with 
him who paints history. We subjoin a table of great instruction, showing the ratio of the 
points of support to the total superficies covered in some of the principal buildings of 
Europe. It exhibits also the tomparative sizes of the different buildings named n it. 
Table showing the ratio of the Walls and Points of Sufport of the FKiNcirAL 
Edifices of Eukote to the total Area which they occufy. 


Names of Edifioes. 

Total Area 
Qf the Build- 
ing in English 
superfioial 
feet 

Total Area 
of the Points 
of Support 
in English 
superficial 
feet. 

Ratio in 
Thousandths 
of the Points 
of Support to 
the total 
Area. 

I'he Pantheon at Rome ... 

84,328 

7,954 

0*2.32 

Temple of Peace at Rome - - - 

67,123 

8,571 

01 27 

Great temple at Papstum 

1 5,353 

2,649 

0*172 

Ancient temple, Galuzzo, at Rome 

9,206 

2,167 

0*235 

Temple of Concord, Girgenti, Sicily 

Temple of Juno Lucino, Sicily ^ 

6,849 

14J30 

0*194 

6,821 

1,110 

0*163 

Central building of the baths of Caracalla 

275,50^ 

48,911 

0*1 76 

Central building of the baths of Diocletian 
Temple of Claudius ^at Rome, now church of 

351, 6«L 

58,797 

0*167 

S. Stefano ----- 

36,726^ 

’ 2,051 

0*056 

Mosque of S. Sophia at Constantinople 

Basilica of S. Paolo fuore le murA (Rome), 

103,200 

22,567 

0*217 

1816 - - - . - 

106,513 

12,655 

0*118 , 

Duomo of S. Maria del fiore at Florence 

84,802 

17,030 

0*201 

Duomo of 8. Maria del fiore at Milan 

125,853 

21,635 

0*169 1 

St. Peter’s at Rome, as executed 

227,069 

59,308 

0*261 

St. Peter’s at Rome, as projected by Bramunte 

21.3,610 

46,879 

0*219 

Church of S. Vitale at Raveuna 

74276 

1,142 

.0*157 

Church of S. Pietro a \ inoola, Rome - 

21,520 

3,353 

0*155 

Church of S. Sabino — destroyed 

15,139 

1,543 

0*100 

Church of S. Domenico, Palermo 

34,144 

4,988 

0*146 

Church of S. Giuseppe, Psi'frmo 

26,046 

3,611 

0*1 39 

Church of S. Filippo Neri, Naples 

22,826 

2,944 

0*129 

Church of St. PauPs, London 

84,025 

14,311 

0*1 70 

Church of Notre Dame, Paris 

67,343 

8,784 

0*140 

Hotel of the Invalids, Paris - . - 

29,003 

7,790 

0*268 

Church of S. Sulpioe, Paris - - - 

60,760 

9,127 

0*151 

Chutoh of S. Genevidve, Paris 

604287 

9,269 

0*154 


1583a. it will be manifest, that as these points of support are diminished in area, in 
resist of the mass, so is a greater degree of skill exhibited in the work. From the fol- 
lowing table« it will be seen that, in seven^^ eeleb^teted medieval edifices, the. ratio of 
jtbeir points of support to thei^ whole areas varies firom *116 to *238, nearly double* It is 
curious to observe the high hink home in this table by Henry VII.*s cliepld; generally, 
skill seems to have iiicrea^ witli greater experience ^ , 
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Cujur. h WALLS AND VIEJIS. 4ia 

partfc represent tlie »o1id$, which therefore give boundaries of the voids Worcester Cathc- 
dial is the example shown. In this mode ol viewing a structure) as also in that of the 
points of support, there is a minimum to which art is confined, and in botli cases foi 
obvious reasons there are some dependent on the nature of the uiaterials, and others on 
tiie laws of statics. 'I'hough there may be found some exceptions to the enunciation as a 
general rule, it may be safely assumed that in those buildings, as in the case of the puintf 
of support, wherein the ratios of tiie solids to the voids in section are the least, tlic ait 
not only as respects construction, but also in point of magnificence in effect, is most tub 
\antageously displaxed. In e\ery edifice like a cathedral, the greater the space over which 
the eye can range, whether horizontally or veitically, the more imposing is its effect on the 
s. cctator, provided the solids be not so lessened as to induce a sensation of danger. 

1 583e. I'lie subjoined table contains, with the exception of Notre Dame de Paris the 
same buildings as those already cited. It will be seen that the latios of the solids to the 
voids varies from *472 to 1*118, a little less than half to a little more than a whole. But 
if in their sections we compare the ratios of the solids to the whole area, there results a set 
of numbers varying from *321 to *528, and that nearly following the order of the ratios of 
the points of support 

TABLE OF VERTICAL SOLI US AND VOIDS. 


Building. 

Century. 

Part of 
Century. 

Ratio of 

Solids to Area. 

Ratio of 

Solids to Voids 

Salisbury Cathedral 


13 

First 

0*321 

0*472 

Marburg Dom 


14 

Second 

0*385 

0*503 

Norwich Cathedral 


12 

First 

0*376 

0*603 

Worcester Cathedral 


13 

First 

0*i88 

0 633 

Milan Duomo 


14 

Second 

0 393 

0*648 

Temple Church - 


13 

Second 

0*395 

0 648 

Gloucester Cathedral 


14 

Second 

0*403 

0 674 

King’s College Chapel 


15 

Second 

0*419 

0*722 

York Cathedral - 


13 

Second 

0*421 

0*729 

Westminst**! Abbey 


13 

Second 

0*440 

0 980 

1 Henry VII.’s Chapel 


16 

First 

0*457 

0*648 

Freiburg Dom 


13 

Second 

0*478 

0*916 

Canterbury Cathedral 


12 

Second 


0*904 

Ely Cathedral 


12 

Second 

0 498 


Lincoln Cathjdral 


12 

Second . 

0-499 

1*000 

Florence Duomo - 
■ 


15 

First ^^pp*528 

1-118 


Though the Coincidence between the ratios of increase, in the points of support, does not 
run quite Concurrently with the ratios of the solids and the areas in comparing the cathe- 
drals of the different centuries, yet sufficient appears to show an intimate connection l>e- 
tween them. Where the discrepancy occuis, the points of support seem inversely set out. 
Such, for instance, will be seen In Ely Cathedral, wherein, though the ratio of the solids to 
the voids in section is as high as I (or ratio of equality), that of the points of support is as 
low as 0*182, so that the space, or airiness, which is lost in the former, is compensated by 
the latter. Generally speaking, however, the points of support diminish as the orna- 
ment of the style increases Thus, in Norwich Cathedral (the nave), of the early part of 
the twelfth century, the ratio of the poiuts of support is 0*238, that of the solids to tht 
voids being 0*603 ; while at Salisbury (latter part of the thirteenth centur > ) the ratio ot 
the points of support is only 0*190, and that of the solids to the \oids, 0-472. 

From the foregoing examination, there can scarcely exist a doubt that the first and lead- 
ing lines of these fabrics were based upon a geometrical calculation of extremely simple 
nature, but most rigidly adhered to. Thus, taking a single bay in the nave, say, from 
centre to centre, and ascertainifg the area, that has only to be multiplied by the ratio, to 
give the superficies necessary for the points of support, which, as the tables indicate, were 
diminished as experience taught they might be. lliese matters then being adjusted, and 
falling as they might, the system of ornamentation was applied altogether subsidiary to the 
great and paramount consideration of stability. 

158J^ A very ingenious writer ond skilful architect (Mr. Sam.Waie). some years ng<’, 
took great trouble to deduce the stability of the buildings in question, from the genei.l 
mass of the walls and vaulting containing within them some hidden catenarian curve, if 
such wei^ the case, which can hardly be admitted, in as much as a chain for such purpose 
might be made to Imng m all of them, it is quite certain this property was unknown lo 
tliose who erected them. Dr. Hooke was the first who gave the hint that the figure ol a 
flexible cord, or chain, suspended fiom two points, was a proper fonn for an auh. 
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PjiBt^URt OP Earth against Walls. 


1584. It k not our intention to pursue tliU branch of the practice of walling to any 
the deteripinatiun uf the thickness of walls io thin pre'Jicament being more useful, 

perhaps, to the engineer than to the architect. We shall therefore be contented with but 
t concise mention of it, Rondelet has (with, an we consider, great judgment) adopted the 
theory of Belidor, in his Science He* Jnyeniturg^ ilud we shall follow him. Without the 
slightf^ disrespi'ct to later authors, we know from our own practice that walls of rerite* 
"tent may be built, with security, of much less thickness than either the theories of Belidor 
or, latterly, of modern writers require We entirely leave out of the question the rules 
of Dr. Hutton in his Mathematics, as absurd and incomprehensible. (Dobson, Art of 
BoHdiug^ 18'19, preface, writes, ** from neglecting to take into consideration the friction 
of the earth against the back of the w'all, the rules given by many writers are inapplicable 
to practice; ” and to G wilt’s observation on Dr. Hutton he stays, “ Dr. Hutton’s formulas 
are strictly correct, and only require the correeuon for friction to make them agree with 
m<Hlern practice.”) The fact is that, in carrying up walls to (iu^taiti a bank of eartli, the 
ear h miut be carefully rammed down, layer by layer, as the wall is carried up, so as to 
prevent the weight of the earth, in a triangular rection pressing upon the wall, which is 
the foundation of all the theory on the subject If this precaution be taken, the thickness 
resulting from the following investigations will be more than sufficient. 

1585. Earth left to itself takes a slope proportionate to its consistence; but for our 
purpose it will sufficiently exhibit the nature of the investigation, to consider the substance 
pressing against the wall as dry sand or pounded freestone, which will arrange itself in a 
slope of about 55^^ with the vertical plane, and therefore of 34^^" with an horisontal plane, 
as liondelet found to be the case when experimenting on the above materials in a box, one of 
who«ie sides was removable. Ordinarily, 45° is taken as the mean slope into which earths 
recently thrown up will arrange themselves. 

1586. Belidor, in order to form an estimate for the thrust or pressure into which we arc 
imiuiring, divides the triangle EDF (fy. 611.) representing the mass of earth which 
creates the thrust, by parallels to its base 


ED, forming slices or sections of equal 
thickness and similar form ; whence it 
follows, that, taking the first triangle aVb 
as unity, the second slice will be 3, the 
third 5, the fourth 7, and so on in a pro- 
gression whose difference is 2. 

1587. Each of these l>eing 

supposed to slide upon an n BlilP l plane 
parallel to ED, so as to act ujSfTthe face 
FD, if we multiply them by the mean 
height at which they collectively act, tlie 
sum of the products will give the total 



effort tending to overturn the wall ; but as this sum is equal to the product of the whole 
triangle by the height determined by a line drawn from its centre of gravity parallel to 
the base, this last will be the method followed, as much less complicated than that which 
Belidor adopts, independent of some of that author's suppositions not being rigorously 
correct ^ 


1 588. Tlie box in which the experiment was tried by Rondelet was 1 6J in. ( French) 
long, 1 2 in. wide, and 17Jin. high in the clear. As the slope which the pounded free- 
stone took when unsupported in front formed an angle with tlie horizon of 34 j'^, the herght 
AE is 1 1 J, so that the part acting against the front, or that side of the box where would be 
the wall, IS represented by the triangle EDF. 

1589. To find by calculation the value of the force, and the thickness which should be 

given to the opposed side, we must first find the area of the triangle EDF=s =* 93 ^ ; 

but as the specific gravity (or equal mass) of the pounded stone is only of that of tlie 
stone or other species of wall which is to resist the effort, it will be reduced to 7.3A x U«8l. 
This mass being supposed to slide upon the plane ED, its effort to its weight will be as 
A E is to ED;: 114 : 20 , or 81 x a»45’9, which must be considered as the oblique 
power qr passing through the centre of gravity of the mass, and acting at the extremity of 
the lever ik To ascertain the length of the lever, upon whose length depends the thick- 
ness of the side which is unknown, we have the similar triangles qsVf qho, and Aio, whose 
sides are proportional ; whence qs ; arliqh ; bo ; and as ho^hk^lu}^ we have vrlggyhk^ 
ho : Ulr, X • » • • 


Whence, 

’ITie three tides of the triangle qer are known from the position of the angle o at the centre 
of gf seitf pf the great triangle EFD, whence each of the sides of the small triangle is 
tM|Ui4 tme.l^ird of those of the larger one, to which it is correspondent ** 






WAl<r« AMD flKBA 


41 % 


Thilt nuking the «ii]« ^mbo, 

ft mb, 
r$mC, 

The unknown side $hmXt 
hkmfi 

The pressure 45*9 found np, 

The height DF 

AVe have h \ c\\b ^ x \ and hh —tio wilt be 

To obtain ik, we have the proportion a : fr::/— : t*. 

'Whence ikm^ that the pressure p x ik is reprcseifC^d by p whieli 

the resistance expressed by equilibrate. 

Thus the equation becomes 

For easier solution, make and ^ = 271, and we have + 2n«i^2f}t, an 

equation of the second degree, which makes xs: V^2m + ft‘ -n, which is a general formula 
for problems of this sort. 

lieturning to the values of the known quantities, in which 

«- 6 § f=^n 

c«3j d = llj 

c 7A ~ 33 

m^pb becomes m-^45‘9 x 5J x ^ j j == 1 2 *70 and 2m «a 25 ’4 ; 

n ss^, becomes n » *2*28 and «• =5*20. 

oa 7o‘55 

From the above, then, the formula x = 2m + n* — n becomes x = V^25 *4 + 5 ^ 2 *28 -i 

3*22, a result which was confirmed by the experiment, inasmuch as a facing of the thick* 
aess of 81 inches was found necessary to resist tlie pressure of pounded freestone. ^ By 
Belidor’s method, the thickness comes out 4-ft inches ; but it has been observed that its 
application is not strictly correct. In the foregoing experiment, the triangular part only 
of the material in the box was filled with the pound^ stone, the lower part being supposed 
of material which could not communicate pressure. But if the whole of the box had been 
filled with the same material, the requisite thickness would have been found to be inches 
to bear the pressure. 

1590. In applying the preceding formula to this case, we must first find the area of the 
trapezium BEDF {Jips 612.), 

which will be found 1 95^ ; 
multiplying this by |J, to re- 
duce the retaining wall and 
the material to the same spe- 
cific gravity, we have 169i. 

This mass being supposed to 
slide upon the inclined plane 
E D, its effort parallel to that 

plane will be 1 95J x J = 

95 *76 -sap* Having found in 
the last formula that qti is re- 
presented by b«6-93, jr by 
c~4-76, qr by a«8*40, /«. 

1 l-.S, dt * 1 7 *5 j the thickness 
of the retaining wall becomes 
««A-x; mmpb x'^^ill be- 
come, substituting the values 

95-76 X 6-93 ^ f5^^^«29-52 and 2m«59-04. becomes 

9 *61 . Substituting these values in the formula xm A^2in + a* — n, we have xm ^ 59*04 + 9-61 
^3*1 w 5 *2, a result very confirmatory of the theory. 

1591. In an experiment made on common dry earth, reduced to a powder, which took a 
slope of 46’^ 50', its specific gravity being only I of that of the retaining side, it was found 
that the thickuMS necessary was 3 inches ^ 

1592. It b common, in practice, to strengthen walls for the retention of ewth with piers 
oert^ intervals, which are called coutUtrfori*^ by which the wall acquiree |t4^iona] 
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ftrength ; btit a*%er what we hare mid in the beg!niiiii|( of this article, on the dependence 
that is to be placed rather on well ramming down each layer of earth at the back of the 
wall, supposing it to be of ordinary thickness, we do not think it necessary to enter n|[M>n 
any calculation relative to their employment. It is clear their use tends to diminish the 
requisite thickness df the wall, and we would rather recommend the student to apply him- 
self to the knowledge of what has been done, than to trust to calculation for stability, 
though we think the theory ought to be known by him. 


PaKSsua* OR Force or Wind against Walls, &c. 


1592a. Air rushes into a void with the velocity a heavy body would arqnire hy filling 
in a homogeneous atmosphere. Air is 840 times lighter than water. The atmosphere 
supports water at S3 ft. ; homogeneous atmosphere, therefore, is 33 x 840:^27,720 ft, A 
heavy body falling one foot acquires a velocity of eight feet per second. Velocities are as 
the square roots of their heights. Therefore to find the velocity corresponding to any given 
height, expressed in feet per second, multiply the square root of the height in ftet by 8. 
For air we have V =i v' 27 , 7 M «- 166,493 x 8 » 1332 feet per second: this, therefore, is 
the velocity with which common air would rush into a void: or 79 920 feet per minute: 
some say 80,880 feet, ('lelford's Memorandum Bonk). Some nuthors say that the weight 
or pressure of the atmosphere is equal to the weight of a volume of water 34 ft. in height ( 
or 14*7 lbs, per square inch at a mean temperature; for air and all (?) kinds of gases arc 
rendered lighter by the application of heat, because the particles of the mass are repelled 
from each other, or rarefied, and occupy a greater space. 

1592b. The force with which air strikes against a moehg surface, or with which the 
wind strikes against a quiescent surface, is nearly as tlie square of the velocity. If /3 be the 
angle of incidence ; 8 the surface struck in square feet ; and v the velocity of the wind in 
feet per second ; tlien if / equals the force in pounds avoirdupois, either of the two follow- 
ing approximations may be used, viz.,/— *' ; or, /= •(X)2288t>*5sin*/8. The first 

is the easiest in operation, requiring only two lines of short division, viz., by 40 and by 

t** i 

11. If the incidence be perpendi^gj^r, sin*/8 — 1, and iluse become •002288i>28. 


' square foot in lbs., is os the square of the velocity 


(G^gory), The force or pressu 
multiplied by *032288. 

1592c. Impulse or rka Wind on a Square Foot. 


Velocity In Feet 
Per Second. 

Impulse ill lbs. 

Velocity In Feet 
Per Second. 

Impulse in lbs. 

Velocity in Fe» t 
Per Sec® d. 

Impulse In lbs. 

10 

0*229 

60 

8*234 

no 

27*675 

14-67 

0*492 

66 01 

9*963 

117*36 

31*49:) 

20 

0*915 

70 

11*207 

120 

32*926 

30 

2*059 

73*35 

12*300 

130 

38*654 

36*67 

3 075 

80 

14*6.38 

140 

44*830 

40 

3*660 

90 

18*526 

146*70 

49*200 

44*01 

4 4*29 

100 

22*872 

150 

51*462 

50 

5*718 






1592d. The resistance of a sphere is stated not to exceed one-fourth of that of its 
gp-eatest circle. Tredgold, Carpentry^ and fr*m^ has minutely examined the effect of the 
afwjve forces, and the principle of forming the necessary resistance to them in the construc- 
tion of walls and roofs. See Hurricanes. Where the roofs of buildings, as in the country, 
are exposed to rude gusts and storms, it is necessary to increase the weigiit of the ridges, 
hips and flashings. 

1592e. The utmost power of the wind in England is said to he 90 miles per hour, or 
40 lbs. per square foot. Tredgold takes the force at 57| lbs. per square foot Dr. Niohol 
of the Glasgow Observatory, records 55 lbs. per square foot, or *382 lbs. per square ineh^ 
as the greatest pressure of wind ever observed in Britain (Rankine, Ctvii Kng, 538)! 
During the extremely heavy gale of January 16, 1866, the pressure in London was recorded 
as 33 Iba. i>er square foot j at Liverpool it was 30*4 lbs. The velocity of the wind on the 
fouth coast of England, during January 1 1, when it uprooted old elm trees, averaged 65 
miles an hour ; later in the day it was 90 miles ; the latter impetus is equal to the 40 Ibik 
per square foot, above mentioned. 

^ 1592/ Wind exercises a tendency to overthrow a building upon the external edge op- 

ponte to the line of its advance, equivalent to the surface of the face receiving the impul- 
non multiplied bv the force of the wind, and by a lever which on the average may lie taken 
to be equal lb kalf the height of the buildipgi To aeeure the stability of the latter in 
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CifAv. t BEAMS AIM> mLABa 

weight multipltftc by a lever eqttal to half the base niu«t eioeed the sum of the elemema of\ 
die wind*# aotUMi. 

1592.e* To determine the pressure of wind in pounds per square foot, equal to the sta* 
nility of a square stalk, multiply the weight of the stalk in pounds, by twice its width in 
feet at the ba<te, and divide the product by the square of its height iitjl^t, and by llie Mni 
of its top and bottom breadths in feet. 

Let tUBB weight of stalk in pounds » 90,000 

p OB pressure of wind in pounds per square foot equal to stability of stalk 
A n height of stalk in feet m 50 feet 
6 BB breadth of stalk at base in feet«t4 feet 
a S3 breadth of stalk at top in feet « 2 feet 
90 000 X 4 X 9 

Then " .2^v;od ’ (4 x v **P“*‘^® pounds per square foot. If the stalk be circular, then, to 
determine the pressure of wind, proceed as before, but replace the breadths by the dia^ 
meter, and multiply the result by 2. Carapin, Engineers* Pocket Remembrancer, 18dS. 


' Sect. X. 

BEAMS AMD T1LLARS. 

ITie woods used for the purposes of carpentry merit our attention from their 
importance for the purpose of constructing solid and durable edifices. They are often 
employed to carry great weights, and to resist great strains. Under these circumstances, 
their strength and dimensions should be proportioned to the strains they have to resist. 
For building purposes, oak and fir are the two sorts of timber in most common use. 
Stone has, doubtless, the advantage over wood : it resists the changes of moisture and 
dryness, and is less susceptible of alteration in the mass ; hence it ensures a stability which 
belongs not to timber. The fragility of timber is, however, less than that of stone, and its 
facility of transport is far greater. The greatest inconvenience attending the use of 
timber, is its great susceptiliility of ignition. This has led to expedients for another 
material, and it has become grtatly superseded by iron. 

1594. Oak is one of the best woods that can be employed in carpentry. It has all the 
requisite proper lies; such a? sise, strength, and stiffness. Oaks are to be found capable of 
furnishing pieces 60 to 80 ft. long, and 2 ft. square. In common practice, beams rarely 
exceed 36 to 40ft. in length, by 2 ft, square. 

1595. In regard to its durability, oak is preferable to all other trees that furnish equal 
lengths and scantlidgs : it is heavier, better resists tlie action of the air upon it, as well as 
that of moisture and immersion in the earth. It is a saying relating to the oak, that it 
grows for a century, lasts perfect for a century, and takes a century to perish. When cut 
at a proper season, used dry, and protected from the weather, it lasts from 500 to 600 
years. Oak, like other trees, varies in weight, durability, strength, and density, according 
to the soil in which it grows, 'fhe last is always in an inverse proportion to the slowne&s 
of its growth ; trees which grow slowest being invariably the hardest ai d the heaviest. 

1596. From the experiments made upon oak and other sorts of wood, it is found that 
their strength is proportional to their density and weight ; that of two pieces of the same 
species of wood, of the same dimensions, the heavier is generally the stronger, 

1597. The weight of wood will vary in the same tree; usually the heaviest portions are 
the lower ones, from which upwards a diminution of weight is found to occur. In full- 
gTown trees, however, this difference does not occur. The oak of France is heavier than 
that of England; the specific gravity of the femner varying from 1000 to 1054, whilst the 
latter, in the experiments of Barlow, varies from 770 to 920. I’lie weight, therefore, of 
an English cube foot of French oak is about 58 English pounds. Timber may be said 
to be well seasoned when it has lost about a sixth } art of its weight 

1598. In carpentry, timber acts with an altsolute and with a relative strength. For 
instance, that called the absolute strength is measured by the effort that must be exerted 
to break a piece of wood by pulling it in the direction of the fibres. The relative strength 
of a piece of wood depends upon its position. 'I'bus a piece of wood placed horizontally 
on two points of Aupport at its extremities, is easier broken, and with a less effort, than if 
it was inclined or upright. It is found that a smaller effort is necessary to break the piece 
as it increases in length, and that this effort does not decrease strictly in the inverse ratio 
of the length, when the thicknesses are equal. For instance, a piece 8 ft. long, and 6 in. 
square, placed horUontally, bears a little more than double of another, of the same depth 
and tbiokness, 16 ft. long, placed in the same way. In respect of the absolute force, the 
diSerence does not vary in the same way with respect to the length. The following are 
experixnenta by Eondelet, to ascertain the ahccdute fbroe, the ap^men of oak being of 
861 specific gravity, and a cube foot, tberelbro, wdghing 49^ Iha. 
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Fom of Fieceh drawn in tAe Direction of tkeir 
First eiperiment 

.. small rod of oak 0*0888 in. ( ■■ 1 French line) square^ and 2*14 

in. in length, broke with a weight of - - • 1 15 lbs. avoirdupois 

Another specimen of the same wood, and of similar dimensions, 

broke with ... - - 10.5^ 

Another specimen 

Tlie mean weight, therefore, was, in round numbers, 110 lbs. 

A rod of the same wood as the former, 0*177|uch (■■2 French lines) 

square, and 2*14 inches long, broke with a weight of • 4 59} lbs. ate ird pcia 

Another specimen - - • • - 418 

Anotlier specimen . - . . . 451 } 

The mean weight, therefore, was 456 lbs. for an area ^ in. ( >» 4 square lines 
French, or 110 lbs. for each, French line »« 0*0888 in. English)/ 

1599. Without a recital of all the experiments, we will only add, that after increasing 
the thickness and length of the rods in the several trials, the absolute strength of oak was 
found to be 110 lbs. for every -fJglQ of an inch area (sal French line superficial). 


The Strength of Wood in an upright Position^ 


1600. If timber were not flexible, a piece of wood placed upright as a post, should bear 
the weights last found, whatever its height ; but experience shows that when a is 
higher than six or seven times the width of its base, it bends under a similar weight before 
crushing or compressing, and that a piece Of the height of 100 diameters of its base is 
incapable of bearing the smallest weight. The proportion in which the strength decreases 
as the height increases, is difficult to determine, on account of the different results of the 
experiments. Rondelet, however, found, after a great number, that when a piece of oak 
was too short to bend, the force necessary to crush or compress it was about 49 72 lbs. for 
every of a square inch of its base, and that for fir the weight was about .56*16 lbs. 
Cubes of each of these woods, on trial, lost height by compression, without disunion of 
the fibres ; those of oak more than a third, and those of fir one half. 

1601. A piece of fir or oak diminishes in strength the moment it begins to bend, so that 
the mean strength of oak, which is 47*52 lbs. for a cube of an inch, is reduced to 
2*16 lbs. for a piece of the same wood, whose height is 72 times the width of its base. 
From many experiments, liondelct deduced the following progression : — 


For a cube, whose height is 1, the strength 
— — 1 2 , — 

— — 24, — 

— — 48] — 


60, — 

72, — 


= 1 
= i 
= 4 

"A 


Thus, for a cube of oak, whose base is I *066 in. area ( « 1 square in. French) placed 
upright, that is, with its fibres in a vertical direction, its mean strength is ex- 
pressed by 144* X 47*52 6842 lbs. From a mean of these experiments, the 
result was (by experiment) in lbs. avoirdupois - . . 6855 

For a rod of the same oak, whose section was of the same area by 12*792 in. high 
(*■12 French in.), the weight borne or mean strength is 144 x «5702 lbs. 

From a mean of three experiments, the result was • • • 5735 

For a rod 25*584 (-r24 French) in. high, the strength is 144 x -^g®-«»3421 lbs. • 3144 

For a rod 38*376 (*36 French) in. high, the strength is 144 x ^^*2281 lbs. • 23.36 

For a rod 51 *160 ( =* 48 French) in. high, the strength is 144 x 11 40 lbs. 

For a rod 63*960 (*60 French) in. high, the strength is 144 x 570 fos. 

For a rod 76*752 ( — 72 French) in. high, the strength is 144 x 285 Iba. 

F w a cul?e of fir, whose sides are 1 *066 in. area (-1 square in. French), placed as 

before, with the fibres in a vertical direction, we liave 144 x 56*16— 8087 lbs. • 8080 


* The French inch, eonsfitlna of 144 linea 
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Far a square rod, whose base was 1 *066 in. area (*1 square in. French), l2*79Sin. 

high, we have 144 x 6739 Ibi. .... 6863 

For a rod 25*584 (-24 French) in. high, 144 x ^^-4043 lbs. - - 3708 

For a rod 38*376 (-36 French) in. high, 144 x ^-2696 lbs. - - 2881 

Foi a rod 51 *160 (-48 French) in. high, 144 x ^-1348 lbs. 

For a rod 63*960 (—60 French) in. high, 144 674 lbs. 

For a rod 76*752 (—72 French) in. high, 144 337 lbs. 

The rule bjr Rondelet above given was that also adopted by MM. Perronet, Lam- 
blardie, and Girard. In the analytical treatise of the la8t>named, some experiments are 
shown, which lead us to think it not very far from the truth. From the experiments, more* 
over, we learn, that the moment a post begins to bend, it loses strength, and that it is not 
prudent, in practice, to reduce its diameter or side to less than one tenth of its height. 

1602. In calculating the resistance of a post after the rate of only 10*80 for every 1 *066 
superficial line English ( — 1 line super. French), which is much less than one quarter of 
the weight under which it would be crushed, we shall find that a square post whose sides 
».re l*066ft.( — 1 ft. French) containing 22104*576 English lines (*=20736 French), would 
sustain a weight of 238729 lbs. or 106 tons. Yet as there may be a great many circum- 
stances, in practice, which may double or triple the load, it is never safe to trust to a post 
the width of whose base is less than a tenth part of its height, to the extent of 5 lbs. per 
1 ‘066 line ; in one whoso height is fifteen times the width of the base, 4 lbs. for the same 
proportion ; and when twenty times, not more than 3 lbs. 

Horizontal Pieces of Timber, 

1603. In all the experiments on timber lying horizontally, as respects its length, and sup- 
ported at the ends, it is found that, in pieces of equal depth, their strength diminishes in 
proportion to the bearing between the points of support. In pieces of equal length between 
the supports, the strength is as their width and the squares of their depths. \Ve here con- 
tinue M. Rondelet’s experiments. 

1604. A rod of oak 2*132 in. (2 In. French) square, and 25*584 in. (24 in. French) long, 
broke under a weight of 2488*32 lbs., whilst another of the same dimensions, but 1 9*188 in. 
(18 in. French) bore 3353*40; whence it appears that the relative strength of these two 
rods was in the inverse ratio of their length. The proportion is 1 9 *1 88 : 25 *584 ; ; 2488 *32 ; 
331 7*76, instead of 3353*40 lbs., the actual weight in the experiment. 

1605. In another rod of the same wood, 2*1 32 in. wide and 3*198 deep, and 25*584 in. 
bearing, it broke with a weight of 5532 lbs. In the preceding first-mentioned experiment 
it was found that a rod of 2*132 in. square, with a bearing 25*584 in. bore 2488 *32 lbs. 
Supposing the strength of the rods to be exactly as the squares of their heights, we should 
have 4*54 (2*1 32'^) : 10*23 (3*1 98<) :: 2488*32 : 5598*7 lbs, ; which the second rod should 
have borne, instead of 5532 lbs. There are numberless considerations which account for the 
discrepancy, but it is one too small to make us dissatisfied with the theory. 

1606. In a third experiment on the same sort of wood, the dimension of 3*198 in. being 
laid flatwise, and the 2*1 32 in. depth wise, the bearing or distance between the supports 
being the same as before, it broke with a weight of 3573 lbs. : whence it follows that the 
strength of pieces of wood of the same depth is proportional to their width. Thus, com- 
paring the piece 2*132 in. square, which bore 2488 lbs., we ought to have 2*132 ; 3*198 

2488*32 : 3624*48, instead of 3573 lbs. 

1 607. From a great number of experiments and calculations made for the purpose of 
finding the proportion of the absolute strength of oak, to that which it has when lying 
horizontally between two points of support, the most simple method is to multiply the 
area of the piece in section by half the absolute strength, and to divide the product by the 
number of times its depth is contained in the length between the points of support 

1608. Thus, in the experiments made by Belidor on rods of oak 3 French ( — 3*198 
English) ft. long, and 1 French ( = 1*066 in. English) in. square, the mean weight 
under which they broke was 200*96 lbs. avoirdupois. Now, as the absolute strength of 
oak is from 98 to 110 lbs. for every in. ( = 1 French line), the mean strength will be 
104 and 52 lbs. for its half, and the rule will become (144 lines, being —1 French in.) 

^—207*30 lbs., instead of 200*96 lbs. 

1609. Three other rods, 2 Ffench in. square (2*132 Eng.), and of the same length be- 
tween the supports, broke with a mean weight of 1 71 1 *8 lbs. By the rule 

— 1658*88 lbs. avoirdupois. Without further mention of the #^riment8 of Belidor, w# 
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obaerre, that those of Parent and otherafive results yrhicli confirm the rule. Th# 
PP^erimentSf hovrever, of Butfbnt having been made on a larger scale* show that the strength 
pieces of timber of the same size* lying horizontally* does nOt dimmish exacUy in the pv*)* 
portion of their length, as the theory whereon the rule is founded would indicate. It be- 
comes* therefore* proper to modify it in some respects. 

'16ia BufFon’s experiments show that a beam as long again as another of the same 
dimensions will not bear half the weight ^at the shorter one does. Thus — 

A beam, 7 *462 ft. long, and 5 '330 in. square, broke with a 

weight of ... - . 12495*0(3 lbs. avoirdupois 

Another, 14-924 ft long, of the same dimensions, broke with a 
weight of . - - - - 5819.04 

A third, 29*848 ft. long, of the same dimensions, bore before 
breaking - ... - 2112*43 

By the rule, the results should have been, for the 7*462 ft. beam 12495*00 

for that of 14-924 - 6247*80 

for that of 29 *848 - 31 23 *90 

Whence it appears, that owing to the elasticity of the timber, the strength of the pieces, 
instead of fonning a decreasing geometrical progression* whose exponent is the same, forms 
one in which it is variable, llie forces in question may be represt*nted by the ordinates of 
a species Of catenui ian curve. 

1611. " In respect, then, of the diminution of the strength of wood, it is not only pro- 
portioned to the length and size, but is, moreover, modified in proportion to its absolute 
or primitive force and its flexibility ; so that timber exactly of the same quality would give 
results following the same law, so as to form ordinates of a curve, exhibiting neither 
inflection nor undulation in its outline: thus in pieces whose scantlings and lengths 
form a regular progression, the defects can only be caused by a difference in their primitive 
strength ; and as this strength varies in pieces taken from the same tree, it becomes im- 
possible to establish a rule whose results shall always agree with experiment ; but by 
taking a mean primitive strength, we may obtain results sufficiently accurate for practice. 
For this purpose, the rule that nearest agrees with experiment is — 

1st. To subtract from the primitive strength one third of the quantity which 
expresses the number of times that the depth is contained in the length of the 
piece of timber. 

2d. To multiply the remainder thus obtained by the square of the length. 

3d, To divide the product by the number expressing the relation of the depth to the 
length. 

Hence calling the primitive strength • - - ** a 

— the number of times that the depth is contained in the length = b 

— the de})th of the piece - - - e/ 

— the length - • - - «= / 

The general formula will be, ^ ~ 3 ^ ^ ^ 

h b S 

1612. Suppose the primitive strength a =64 *36 for each 1*136 square iine(^ = l line 
French), we shall find for a beam 5*3.30 in. square, by 19*188 ft. long, or 230*256 inches, 

230-206 

that the proportion of the depth to the length =43*2aa-5, 

1613. Hie vertical depth beii g 5*330 or 63*930 lines, d* will be 4089*88; substituting 

these values in the foramila p we have — =4067 99, instead of 

4120-20, the mean result of t^o beams of the same scantlings in the experiments of 
Biiffbn 

1^14. Mr. Gwilt has stated that the world gene^all^, the architect and engineer 
especiallv, are indebted to Buffon, from whom certain tables have emanated, which were 
the result of laborious experiments and deserved much consideration. These several 
tables have been omitted in this edition of the Encyclopaedia, as having been 8upcr‘»eded 
by ihe more recent and scientific investigations in England of Robison, Young, Bevan, 
Rennie, Tredgold, Barlow, Hodgkinson, Fairbairn, Laslett, with others, from some of 
yrlto6e treatises passages have been adopted herein. The results of theit more modern 
investigations have been to benefit both the archittot and engineer, by bringing the aid 
of mathmatioal investigations, to found upon their experiments safe and general rules 
for practioe. 
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Of the Sim»0ih of in itn Inclinalt Position, 

1622, If w« iuppose tjie vertical piece AB (Jig, 61Sa.) to become incUned to the bane, 
as BD, tiie aetlon of a vertical force at D will tend to cause the piece to beady and thereby 
to Jose much of its power of resistance to a fox6e acting in the 
directioH of iu leng^ Suppose the radius AB or BD to ^ 
represent the vertical mree acting at D on the piece BD then, 
by the ** resolution of forces*** it can be resolved into two 
forces, one acting in the dinciiun of its length, and the other 
acting at rightangles to its length. The former will be repre 
sented by tlie line D/, or the vertical force multiplied by the 
bine of tiie angle DBC ; while the latter, at right angles to BD, 
will act at D, tendhig to bend the piece BD about its base B, 
and will be repreaei^iigi by the line Bf or the vertical force 
multiplied by wfa df the angle DBC. The piece is ® ' 
supposed to be fixe4^«Pljr at B, and may be considered as a 
beam 6xed at one end and strained at the other by the force 
represented by Bf tendibig to break it about the end B. When the piece comes into the 
horizontal position, as BC, the vertical force acting at C will cease to produce any strain 
ill the direction of its length, and the transverse strain will bo represented by the line BC 
or AB acting at C, and straining the piece ahont {|ts fixed end B. 

1623. Example. Let AB be a piece of fir 20 feet long, the scantling being 
10 inches by 6 inches. First take it in the upright position AB, then (from par. 16316) 
the breaking weight W in tons of an oak pillar when the load acts vertically down AB is 

l-&&d3 18x63 

- X = 1 1 -24 tons. 



W- 
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And the strength of a pillar of Riga fir being (par. 1631c.) five-sixths that of oak, we 
have W = 9 *37 tons for Riga fir. 

1624. If we now place the piece in the horizontal position, as BC, the strain upon it 
from the load W, at C will be entirely transverse, and the breaking weight can be found 
Irom the formula (lC29p.) for a beam supported at both ends and loaded at the middle. 
But as the load is at one end in the present case and the beam fixed at the other, we take 
one fourth of the weight given in the above-named formula, so that we have 

Wj = ^ X = 24-08 cwt^. 1 -204 tons. 


1625. Now let the piece be placed in the inclined position, BD, making 60® with the 
horizontal, A load F, acting vertically at D, will be resolved into two others at right 
angles to each other, one acting longitudinally and equal to F x sin 60®, and the other 
tiansversely at D and equal to F x cos 60®, or -IF. which equals W, in the formula above 
for a beam fixed at one end and loaded at the other. Tlierefore the breaking weight 
applied vertically at D will be F=:2W, = 2 408 tons. 

1626. The breaking weight acting longitudinally is F x sin 60® = Ww9’37 tons, as 
found above. Therefore we have 


F 


W 

Bin 60° 


10-82 ton^ 


1627. This ^alue of F is, however, more than four times the value obtained for it when 
taking into consideration the transverse strain as found above, and we must take the 
smaller amount as the actual strength of the piece, which is therefore i educed in the 
proportion of 2*408 to 9*37, in consequence of its inclination from the vertical. 


1628. In Practical or Constructive Carpfntry, Chap, III. Seel. IV., Tables of scant- 
lings (or timbers are given more immediately useful to the practical architect. But in con- 
sequence of the very large amount of information obtained since the first edition of this 
work, resulting from the investigations of scientific and practical experimentalists, the fol- 
lowing condensed summary of the new ideas on the strength of BEAMS, GlRD£RS,paiid 
PILJLAUS, both in timber and iron, are submitted for the consideration of the student. 

1628(1. The term beam is applied herein to large rectangular sections; that of girder to 
large irregular Shapes : and those of bur and irons to small rectangular and irregular forms. 
16286. Beams and girders are calculated for the following classes of buildings:-- 
1. Light workshops and factories, public halls, churches, and other buildings in which 
people only accumulate, witli warehouses for light godds. ^ Fot all these an allow- 
ance of ij cwt, or 168 lb8.» per square foot of Boot: surface will include the weight 
of the joisting, the flooring, and the load upon it. 

It. Storehouses for heavy goods, or factories in which heavy machinery and goods are 
placed. For these an allowance of 2^ cwt., or 280 lbs , per square foot of floor sur- 
face will inci^id^ the same weights. 

III. Ordinary dwelfing houses. For these an allowance of Ij ewL, or 140 lbs., per squirt 
foot will iucliide the same weights. 
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IV The weight of a floor of timber has been calculated at 35 to 40 lbs. per square foot ; 
20 lbs. is usually allowed, A single jolsted floor without counter floor, from 1260 
to 2000 lbs. per square. A framed floor with counter flooring, from 2500 to 
4000 lbs. per square. Barrett’s svstera at 78 lbs. A half brick arch floor, 70 lbs. 
A one brick arch floor, 120 lbs. Though Tredgold allows 40 lbs, per square foot 
for the weight of a ceiling, counter floor, and iron girders, with 120 lbs. per square 
foot more supposing the floor to be covered with people at any time ss; to 160 lbs., 
as the least stress, yet a warehouse floor, as required at the docks, is there calcu> 
lated at about 17 lbs. including girders, which, with about 9 lbs. for plastering, 
allows 26 lbs. per sup. Toot. 

V Partitions, or any other additional weights brought upon the floor, must also be 
taken into consideration. This is calculated at from 1480 to 2000 lbs. per square. 
VI. The weight of the load to be carried must always include that of the girder itself. 

STRAINS ON BEAMS AND GIRDERS. 

i628c. These we shall consider under the heads I. I’KANSVERSE STRAIN 
(1628^.), which consists partly of the action of Tension as well as of Compression^ each of 
them being dependent upon the Cohesion of the material. Under 11. TENSION (1 630c.), 
will be considered the neutral axis (1630c.), deflection of beams (1630e.), with the modulus 
of dasticity (1630i.), impact or collision (1630o.), and the tensile stre-^gth (1630p.). Under 
III. COMPRESSION (16.301C.) is considered Deflection of pillars, and Detrusion 
( 163 In.). The subject IV. TORSION (163 lx.) closes this section. 

162Sd. Timber is permanently injured if more than even J of the breaking weight is 
placed on it Buflbn allowed which is now the curtom, for the safe load. Fairbairn 
states that for bridges and warehouses, cast iron girders should not be loaded with mure 
than i or J of the breaking weight in the middle. For ordinary purposes, J for cast iron 
is allowed for the permanent load (Barlow). A little more than | can be allowed for 
wrought iron beams, as that material, from its extensile capability, does not suddenly give 
way (Warr) ; but they should never be loaded with more than ^th (Fairbairn). Girders, 
especially those of cast iron, which are liable to be less strong than intended from irregu- 
larity in casting and cooling, should be proved before use to a little more than the extent 
of the safe load ; this proof, however, should never eitceed the half of the breaking weight, 
as the metal would be thoroughly weakened. Tredgold observes that a load of ^ ol the 
breaking weight causes deflection to increase with time, and finally to produce a permanent 
set. The Board of Trade limits the working strain to 5 Ions, or 1 1,200 lbs. per square 
inch, on any part of a wrought iron structure. 

] 628e. Of all the circumstances tending to invalidate theoretical calculations, the sun 
is about the worst. Mr. Clark writes, about the Britannia tubular bridge : Although 
the tubes offer so effectual a resistance to deflection by heavy weights and gales of wind, 
they are nevertheless extremely sensitive to changes of temperature, so much so that half 
an hour’s sunshine has a much greater effect than is produced by the heaviest trains or the 
most violent storm. They are, in fact, in a state of perpetual motion, and after three 
months* close observation, during which their motions were recorded by a self-registering 
instrument, they were (^served never to he at rest for an hour. The same may almost be 
said of the large bridget over tlie dock passages. The sun heats the top flange, whilst the 
wind, after sweeping along the water, impinges on the bottom flange, keeping it cool and 
causing it to contract, whilst the top flange is being expanded by the sun, so putting a 
camber on the l)ridge much exceeding the deflection caused by the heaviest working load. 
At the Mersey Docks the top flanges of the bridges are painted white, to assist in meeting 
the difficulty.” 

Transvekse Strain* 

1628^. The strength of beams in general is directly as the breadth, directly as the 
square of the depth, and inversely as the length ; thus But a certain 

supposed quantity must, however, be added to express the specific strength of any material, 
a quantity only obtained by experiments on that material. This supposed quantity U re- 
presented by S. We then obtain — breaking weight. Therefore, in 

experiments, a simple transposition of the quantities evolves the value of S; thus 
which S then becomes a constant, As regurda the usual form 
of a cast-iron girder, using C as a constant for a signification in a girder, similar to that of 
S in a beam, the formula ^ ^ weight. The values of S 

imd C are only applicable to a beam or girder of a similar sectional form to that flrona 
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which the value was derived, since this eomttant expresses tuo specific strength of tlmt fotm 
of section. 

1628 A. Another formula for estimating the strength of beams rests on the knowledge 
of the resistance (or r) offered by any material to fi:acture by a tensile or crushing force, 
and the depth of the neutral axis (or n) of this area in the beam ; the latter, of course, 

cannot be calculated, except from experiment The rule is ^ breaking 

weight. See Rxsistakcb, in Glossary. 


1628 t. Table of the Travsvxesx Strength of Timber: 1 Inch Square, 1 Foot Long. 
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\62Sk, The results of Barlow. Nelson, Moore, Denison, and some otljers. are collected 
in the above table, which gives a mean of the whole (Warr); Barlow’s values are also noted 
separately, being those usually supplied in the Handbooks; and obtained by Barlow’s for- 

mula,~~^ = S, from experiments on a projecting beam or arm; or from the formula 

S, when a beam supported at the ends is under trial, A measurable set is 

produced by a straining force very much less than that to which the material will be likely 
to be exposed in practice. Without having this principle in mind, the differences betweeit 
the actual breaking weight and the permanent set weight of some writers will be misun- 
derstood. The practical man, however, will use one third or some other proportion of 
these values, as noticed in par. 1628</. (See another Table, par. 1630s,). 

J628/. Tasle op the Transverse Strength of Metals: 1 Inch Square, 1 Foot Long, 


Rreaking One^tliird 
Weight. for art. 


Tredgold* 

(Safe 

Weights); 

iind 

others. 


Wrought iron, good English 


best Derbyshire and 1 
Staffordshire - I 


Scotch hot blast - 


Cast iron - 

»t »» 

Brass, cast 
Lead, cast 
Tin, cast - 
Zinc, cast • 


Hurst. 

Mold's* 

worth. 

Breaking Weight. 

lbs. 

2800 

11)^. 

S024 

Dobson. 


2016 

2016 

896 

896 

784 

728 


Ult. dt'flpct. 

1 74, hard. 

1 *36, soft. 

884 tons. For 


1628m. Fairbairn’s experiments on cast irons obtained from the principal iron-works, and 
made into bars 1 inch square and 5 feet long, proved that the longer beams are weaker than 
the shorter in a greater proportion than their, respective lengths; that the strength does not 
increase quite so rapidly as the square of the depth; that the deflection of a beam is pro- 
])ortional to the force or load ; and that a set occurs with a small portion of the breaking 
weight. 

Spec. Gray. Break. Wt. Ult. dt flpct. 

^L!TclTd bLf " 7-122 57Slbs. 1-74. bard. 

^ 1 6-916 SS7 lb.. 1 -36, «>ft. 

Mean value 440 lbs., affording for the specific strength, S* 1980 lbs., or •=*884 tons. For 
tlie rule including n, a comparison of two specimens gave 71 = 2*63. 

162871. Merries Stirling has considerably strengthened cast iron by adding a portion of 
malleable cast iion. Four experiments, by Hodgkinson, gave the following results : — 

No. 2 quality (20 per cent, scrap), bars 9 ft. long, 2 ins. square - S = 2248 
No. 3 „ ( 1 5 per cent, scrap). „ ,, „ - S = J682 

No. 2 „ „ „ „ bars 4 ft. 6 ins. long, 1 in. square S-2803 

No, 3 ,, ,, ,, ,, „ „ ,y • S = 1996 

His irons are also stronger under compression and tension. 

Tensile power, No. 2 - 1 1 *50 tons, I Compressive power, No. 2 - 54*62 tons. 

„ „ No. 3 - 10*47 „ I „ ^ »7 No. 3- 64*41 „ 

16280 . Hodgkinson also found the average breaking weight in pounds of a bar of cast 
iron, 1 inch square and 4 feet 6 inches long between the supports, to be as follows ; — 
Average of 2 1 samples of Ao( 62^ iron - - - 445*5714 pounds 

Average of 21 samples of cold blast iron « - - 456*9090 pounds 

The superior transverse strength of cold blast iron equals nearly 2j per cent. R. Stephen* 
son experimented, in 1846 and 1847, on bars of different kinds of cast iron, I inch square 
and S feet bearing. The results are given in the Civil Enginatr, 1850, pp. 194-9. 

Shapes of Beams and Oxeders. 

1628p. ** Calculation affords the following shapes for iron beams, as being enabled to do 
the mo^ work with tbe least expenditure of sul^tancc. Beams supported at one end t I. 
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If the load Ue terminal and the depth constant, the form of the beam in breadth should be 
wedjye.shaped, the breadth increasing as the length of the beam (the latter measured from 
the loaded end). II. If the breadth be constant, the square of the depth must vary as the 
length, or the vertical section wrill be a parabola. III. When both breadth and depth 
vary, the section should present a cubical parabola. IV. When the beam supports only 
its own weight, it should be a double parabola, that is the upper aa well as the lower sur- 
face should be of a parabolic form, the depth being as the square of the length. V. When 
a beam is loaded pvenly along its surface, the upper surface being horizontal, the lower one 
should be a RtrdigWt line meeting the upper surface at the outer end, and forming a trian- 
gular vertical section; the depth at the point of support being determined hy the length 
of the beam and tl>e load to be sustained. VI. If an additional terminal load be added to 
such a beam, the under surface should be of a hyperbolic curvature. VI I. And in a flanged 
beam, the lower flange should describe a parabolic curve (as in example IV.). 

lG28q. “ Seitms supported at both ends. I, A beam loaded at any one point, as scale 
beams and the like, should have a parabolic vertical section each way from the loaded point, 

A, 613A. II. In flanged beams, the 
lines may be nearly straight, and approach 
the straight lines more as the flanges are 
thinner. III. A beam loaded uniformly 
along the whole of its length, should hav€ 
an elliptic outline for the upper surface, 
the lower one being straight. This form applies to girders for bridges and other purposes 
where the load may be spread. IV. With thin flanges, a beam so circumstanced should 
be of a parabolic figure. V. If a flanged beam have its upper and lower sides level, and 
he loaded uniformly from end to end, the sides of the lower flange should have a parabolic 
curvature.” (Gregory.) VI. In the case of example III., Fairbairn observes that the 
greatest strength will be attained, while the breadth and depth is allowed to be diminished 

towards the ends. This 
diminution should take place 
in curved lines which are 
strictly paiabolic. The most 
convenient way of doing this 
is by preserving a horizontal 
level in the bottom flange, 
diminishing its width, as 
well as the height of the 
girder, as fly. 613c. Thus the 
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Fig. 613c. 



Fig. 613<f. 


Fig. 613c. 


spaces hb should be square on plan for the bearings on the wall, &c., and equal to the width 
of the bottom flange at the centre ; the intermediate length I to be curved to the form pre- 
scribed. The width of the bottom flange is to be reduced near the ends to one half of its 
size in the middle, and the total depth of the girder reduced at the ends in the same pro- 
portion. At the middle of the bearing, a flange may be cast on to connect the upper and 
lower flanges, an.l this will give additional stiffness to the girder. 

1628r. Gregory further remarks on this subject : when the depth of the beam is uniform. 
and (VII,) the whole load is collected in one point (as A, fly. the sides of the beair. 

should he straight lines, the breadth 
at the ends, B, being half that where 
the load is applied. 

VIII. When the load is uniformly 
distributed (fly. 613c.) the sides 
should be portions of a circle, the 
radius of which should equal the square of the length of the beam divided by twice 
its breadth. When the brwdth of the beam is uniform and (IX.) the load is collected 
in one point, the extended (under) side should be straight, the depth at the point 
where the load is applied twice that at the ends, and the lines connecting them 
straight {fly. 6136.) example I. When the load is uniformly distributed, X. the ex- 
tended (under) side should be straight, and the compressed (upper) side a portion of a 
circle whose radius equals the square of half the length of the beam divided by its depth. 
See examples III. and VI. When the transverse section of a l)eam is a similar figure 
throughout its whole length;* XI, if the load be collected at one point, the depth at this 
point should be to the depth at its extremities as 3:2; the sides of the beam being all 
straight lines. XII, When the load is uniformly distributed, the depth in the centre 
should Ijb to the depth at the end as d : 1, the sides of the beam being all straight lines. 

Various Laws APrECTiNo Beams and Girders. 

Tfl28a The principles on which the rules subjoined are founded may be seen in Gregory, 
mechanics^ jv, and Barlow, Strength of MateriolSf but divested, certainly, of the refine- 
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ment of Dr. T. Young's Modulus of tHasticiiy, and some otlier matters, whidh wo^aimcrt 
^ ^elp thinking unnecessary in a subject where, after exiiausting all the niceties of the queA* 
non, a large proportion of weight is considered too much for the constant load. 

1628t The trnnavmrse strength is that power, in the case of a beam, exerted in opposing a 
^force acting in a direction perpendicular to its length. The following formulae and rules 
"apply to the various positions in which a beam or girder is placed. 


I. If a beam be loose (or supported) at both ends, and the 
#eight be applied in the middle ... 

II. If a beam be loose at both ends, and the weight be ap- 
plied uniformly along the same length, it will bear twice 
the load placed in the middle . . - . 

If a beam be loose at both ends, and the weight be ap- 
^ plied at an intermediate point; the spaces m with ns^/- 

IV. If a beam be fixed at both ends, and the weight be ap- 
plied in the middle, it will bear one half more than if 
both ends be loose (I.) - - . . - 

V. If a beam be fixed at both ends, and the weight be ap- 
plied uniformly along the same length, it will bear three 
times more than the load in the middle of No. 1, than if 
both ends be loose ..... 

VI. If a beam be fixed at both ends, and the weight be ap- 
plied at an intermediate point . . . - 

VI T. If a beam be fixed at one end, and the weight be ap- 
plied at the other end, it will bear only one fourth of the 
weight carried by beam No. 1, of the same length 


Girder. 
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If a beam be fixed at one end only, and the weight be applied in the middle, it will 
bear half as much again as at the end. 

If a beam be fixed at one end, and the weight be appUtd uniformly along its length, 
it will bear double the load at the end. 

If a beam be fixed at one end only, it is as strong as one of equal breadth and 
depth, and twice the length which is fixed at both ends. 

If a beam be supported in the middle and h>aded at each end, it will bear the same 
weight as when loose at both ends and loaded in the middle (as I.) 

If a beam be continued over three or four points and the load be uniformly dis- 
tributed, it will suffice to take the part between any two points of support as a 
beam fixed at both ends. 

If some of the parts have a greater load than the others, it will be near enough in 
practice to take the parts so loaded as supported at the ends only. 

If a beam be inclined and supported at both ends, it has its breaking weight t((ual 
to that of the same beam when horizontal, multiplied by the length of the inclined 
beam and divided by the horizontal distance. 

Note. — In calculating for the strength of a beam or of a girder, it is usual to reckon 
on the ends being loose, from the difficulty of fixing the ends in a sufficient manner 
to warrant the rule in that case being followed: and when the ends are solidly em- 
bedded, they should penetrate the wall for a distance equal to at least three times the 
depth of the beam or girder (par. IfiSOm.) ; but this precaution is seldom carried out 
in practice. 

i628u. For the effect of running loads over bars, we must refer to Professor Willis’s 
experiments at Cambridge, given at the end of Barlow’s Strength of Materials, &c,, 
1851. 

1628w. Two geometrical methods of finding the best pioportion of a beam to be cut out 
of a given cylinder have been propounded, 'fbe stiffest lieam, says Tred^ld, that can be 
cut out of n round tree, is that of which tlie depth is to the breadth as a/S to 1, or nearly 
as 1*7320508 to 1 ; this is in general a good proportion for beams that have to sustain 
a considerable load. The required propor- 
tions are obtained by dividing a diameter 
as ab VO fig, 613/!, into two equal parts, oc 
and c6, then drawing with a and h as cen- 
tres two arcs through c to cut the circle 
ins and/; the points nebf being joined, the 
figure it that of the stiffest iveam that can 
be cut out of a cylinder, to resist a perpendi- 
mUar strain. It is also observed by Tredgold 
that the strongest beam which can be cut out of a round tree is that of which the depth 
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k to bfWth as ^ is to or nearly aa 1*4142156 to 1 ; or as 7 to 5. Its two sides 
must be to the diameter of the tree as the and to 1. Tie required proportions ans 
obtained by dividing a diameter a5, fig, 6 IS A., into three equal parts ae, cdy db^ and 
drawing the lines c« and df at right-angles to ah ; the points athf being joiped, the figure 
is that of the ttrongtst beam that can be cut out of a cylinder. The strength of a gquarc 
beam, fig. 613^.) cut from the same cylinder, is to the strength of the strongest beam 
nearly as 101 to 110, although the square beam would contain more timber nearly in the 
ratio of 5 to 4*714. The stitfest beam is to the strongest as 0 97877 to 1, as regards 
power of bearing a load ; but as 1 *04382 to 1 as regards amount of deflection, in equal 
lengths between the supports. 

1628m;. BufTon, during his extensive series of experiments on oak timber, from 20 to 28 
feet in length, and from 4 inches to 8 inches square in section, found that the heart-wood 
which vs as densest was also strongest, and the side on which the beam was laid also affected 
the strength ; for when the annual layers were horizontal, and the strength 7, the layers 
laid vertically gave a strength of 8. He also found that beams which had each supported, 
without breaking, a load of 9,000 Ihs. during one day, broke at the end of five or six 
months with a weight of 6,000 lbs., that is to say, they were unable to carry for six months 
two-thirds of the weight they bore for one day. 


TaANSveasK Sxctions. 

1628x. The transverse section of a cast iron girder previous to Hodgkinson*s experimenti 

, was that of Tredgold, consisting of equal flanges at top and bottom, as A, 

fig.6l3i\ and that of Lillie and Fairbaim, in 1825, with a single flange, as 
B ; Hodgkinson deduced a section of greatest strength having areas of flanges 
as 6 to 1, as C. Taking this form as unity, the ratios will stand : — 

' — For Hodgkinson and Fairbaim, as - - - 1 : *7.54 

i For Hodgkinson and Tredgold, as - • • 1 : *619 

For Fairbaim and Tredgold, as - - - - 1 : *820 

(Fairbaim, Application, &c. p. 25: Tredgold. Cast Iron, 1824, p. 55, describes 
the advantages of his own form of section.) 

1628y. Hodgkinson’s complete section for a cast iron girder is shown in fig. 

X 6\3j. Its chief principle is, that the bottom flange must contain six times the 
area of the top flange. The several dimensions are taken thus : — I. For the 
depth, the total dimension D. II, For the bottom flange, the width B, and 

— for the two thicknesses, one is taken at the centre bb ; the other b at the end. 

Fig.6i3t*. jpj^ Pyj. pyp flange, the width T, and for the two thicknesses, one is taken 
at the centre W, the other t at the end. In this manner the dimensions of the flanges are 
quite independent of the thickness of the rib. IV. For the rib 
the two dimensions r and rr are measured as continued to the 
extreme top and bottom surfaces of the girder, with the same 
view of making these dimensions independent of those of the 
flanges, and promoting exactness in defining the entire section. 
Hodgkinson s complex mle for obtaining the weight a girder 
will carry, is 6 cP— (6 — c?j*BsW. Here tons, or 

b eaking weight ; I feet, or length between supports ; d who’e 
depth ; d^ depth to bottom flange ■, b breadth of bottom flange ; 
and tiiickuess of vertical rib. I'he simp'er rule usually em- 
ployed, as — = W tons, or the breaking weight which should 
not be less than four times the permanent load distributed ; and 
it gives a result less by 7 per cent, than the complex rule above 
described, therefore an excess of strength is obtained. 

1628;2;. The proportions of the rib are undetermined, but it 
is evident that they should bear some ratio to those of the 
flanges. It must be sufficiently rigid to prevent lateral weak- 
ness. Moreover the very theory which maintains the principle 
of the neutral axis (par. 1630c) also recognises the increase of the forces of compression and 
extension upward and downward from the neutral aais, and would therefore lead to the 
adoption of a rib tapered in both directions. In practice it is found desirable to taper the 
rib so as to meet each of the flanges with a thickness corresponding to that of the flange, for 
if any very great disproportion exists, the operation of casting the beam cannot be so 
perfectly performed, from unequal slirinkage of the metal, and an imperfect easting or one 
having flaws in it, renders futile all calculations of strength. 

1629. Hodgkinson gradually varied the form of section of girder in hla experiments until 
the widtlis and depths of the flanges were as follows i—>Top flange 2*85 inches wide, 0*51 
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tech deep; bottom flange 6*67 inches wide, 0*66 inch deep; the areas being *720 and 
4 ‘4 inches. The rib was *266 inch thick, and the total depth 5^ inches. The constant or 
C was found to be 514 for cwts., or 26 for tons. (Warr.) 

16290. It will scarcely be within our province to describe all the forms of sections, and 
the results of the experiments made by Fairbairn in obtaining his bojt beam or plate girdtr 
in wrought iron, but it is to he noted that all the cylindrical tubes broke by extension at 
the rivets before the tube could fail by compression. Fairbairn in his Application of Cant 
and Wrought Iron to Building Purposes, edit 1857-8, p. 80. notices that although the plate 
girder be inferior in strength to the box beam, it has nevertheless other valuable properties 
to recommend it. On comparing the strength of these separate beams, weight for weight, 
it will be found that the box beam is as 100 : 9.‘J. The plate beam is in some respects 
superior to the box beam; it is of more simple construction, less expensive, and more 
durable, from the circumstance that the vertical plate is thicker than the side plates of the 
box beam. It is also easier of access to all its parts for the purposes of cleaning, &c. 

1629b, Fairbairn has fornved a comparison between a wrought if on and a cast iron g rder for 
a span of 30 feet. The plate girder, fig. 61^h, would be 31 feet 6 inches in length, and would 
be composed of plates 22 inches deep and -^ths thick ; with angle iron ^ ^ 

|ths thick, riveted on both sides at the bottom of the plate, and 


?tTri 


JILJ 


inches, and the bottom 5\ inches. The breaking weight of this || | 

beam, taking the constant at 75, would be = W ; or 

= 27 -5 tons in the middle, or 55 tons distributed equally over the 
surface. In the edition of 1857-8, the angle irons are described as 

3 inches by 3 inches, J inch thick for the bottom, and 4 inches by 

4 inches, i inch thick at the top ; it would, therefore, be 8| inches 

over at the top, and about 65 inches at the bottom. Now a cast < isj > 

iron girder of the best form and strongest section and calculated Fig. 6i,u-. 

to support the same load, would weigh about 2 tons, the plate beam about 18 cwts., or 
less than one half. To secure uniformity of strength in a rectangular box beam, the top 
is required to be about twice the sectional area of the bottom ; hence resulted the use ot 
cells in that portion. 

1629c. Pig. 6131. is e. plate beam having a single plate for the vertical web, while each 
of the flanges consists of a flat bar and a pair of angle irons riveted to each o’ her and to 
the vertical web. Fig. 6\3m is a 



box beam, in which tliere are two n - '^ 

vertical webs. Ftg. 6\3n. is a pi tie 
girder of greater dimensions than ^ 
fig. 6134 ; the flanges contain more 
than one layer of flat bars, and the 
web, which consists of plates with 
their largest dimensions vertical, is 
stiffened by vertical T iron ribs at 
the joints of those plates, as shown 
in the plan or horizontal section 
lettered A. The pieces should abut 
closely and truly against each other, 
having end surfaces made exactly 
perpendicular to the axis of the Fig. oisw. Fig. eisn. 

beam. The thickness of the web is seldom made less than fths inch, and except for the 
largest beams, this is in general more than suffleient to resist the shearing stress. Above each 
of the points of support, the vertical ribs must be placed either closer or made larger, so 
that they may be jointly capable of safely bearing as pillars the entire share of the load 
which rests on that point of support. A pair of vertical T iron ribs riveted back to back 
through the web plates (as A,/p. 613n.) maybe held to act as a pillar of cross-shaped section. 

1629d. The rib or web of a plate beam, as fig. 613(, having little or nothing to do with 
the pressure directly, has been replaced in some cases by simple upright struts or diagonal 
braces between the flanges, which in cast iron girders are in one casting, but experience has 
proved this not altogether politic, particularly in cast iron. Hodgkinson remarked that 
such beams were weaker than those with a solid rib. Rankine observes that transverse 
ribs or feathers on cast iron beams are to be avoided, as forming lodgments for air bubbles, 
and. as tending to cause cracks in cooling. Open work in the vertical web is also to be 
avoided, partly for the same reasons, and partly because it too much diminishes the resist- 
ance to distortion by the shearing action of the load. 

1629a Where the span renders it impracticable to roll a beam in one piece,** Fairbairn» 
page 91, notices that “convenient weights might be rolled into sections of the proper form 
—and being united by properly proportioned covering plates at top and bottom, and to 
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the joints (pflf. ICJJOy.), and all the riveting be well executed* tbc beam will be equal in 
Rtrengtli to one ** of an entire length. I bis construction may be carried to a ?pan of 40 to 
50 feet. In practice it is found necessary to confine the use of cells to spans exceeding 
100 or 150 feet : within these limits the same objects are most economically obtained by 
the use of thicker plates” (page 215). “ The more nearly the bottom approximates to a 

solid homogeneous maMi, the better it is calculated to resist a tensile strain” (see pages 248 
to 256 for full instructions as to riveting plates; and Ktrkaldy, Experiments^ page 
196, for compnrison of strength). As the bending moment of the load onagirdcr diminishes 
from the middle towards the ends, and the shearing force from the ends towards the 
middle, it follows that the transverse sections of the bottom plates may be diminished 
from the middle towards the ends, and that of the vertical web from the ends towards the 
middle, so as to make the resistance to bending and shearing respectively vary according 
to the same law. Consequently, towards the centre of a girder for a large span, the 
bottom plate is usually increased by additional plates to secure the requisite strength in 
the sectional area, giving the underside of the plate a bellied form. C. Graham Smith, 
Wrought Iron Girder Work, deserves attentive perusal by the student. It isprint.‘d in the 
British Architect^ for June 1877, pages S82 to 385. 

1620 /. The results of various testings of a new manufacture of girder patented about 
1866 by Messrs. Phillips are here recorded. A double weight in a cast iron girder is re- 
quired to give equal strength with one of wrought iron. A riveted plate girder is not always 
adaptable for general purposes. The new system consists in riveting plates to the top and 
bottom flanges of rolled iron beams, and so strengthening 
them as to obtain results apparently disparaging to ordinary 
plate girders. 'J’be experiments noticed tiere in an abridged 
form were on a patent girder of 22 lbs perfootrun, with a web 
plate, as h,Jig. bl3o., and 20 feet bearing, as compared with 
a riveted plate girder of 9 in depth; it gave a breaking weight 
of 7 tons and a safe lond of 4 tons ; the formula for the break- 
ing weight of an ordinary plate girder would give tons. 
When two of the 8-inch rolled girders were riveted together 
with a plate on the top, as B, the metal being about 40 lbs. 
per foot run, the girder was found to resist 20 tons, even then 
not breaking, but becoming twisted. An ordina»‘y riveted 
plate girder of 40 lbs. per foot run, with a web of 12 inche«, 
with double angle irons of S inches hy 3 inches and ^ inch 
thick, would break with a strain of 9 tons. A simple web 
plate girder, with angle irons top and bottom {Jig, 613/i;.), 
gives C * 60 *, a plate on top and bottom in addition {Jig 613/.) 
gives C = 75 ; and a box beam {Jig, 613m.) gives €=*80. The rolled girders made by the 
Butterley Company give C«57 to 88. The example A gives C*=210; and the example 
B, 300. Other experiments are required fully to prove the superiority of the new system 
over the beams and girders of the old sections. The details of the above testings are given 
in the Builder^ p. 148; Mechanics^ Magazine^ p. 129; Engineering^'^. 139; &c., all for the 
year 1866. 

Condition of Breaking Weight in the Middle, 




Pig. VAKIOU8 FORMS IN USE FOR BEAMS, GIRDERS, AND IRONS. 

Application to the manufacturer selected must be made for any special lengths and 
strengths of rolled iron joists and girders, riveted and compound, &c. The former can 
be oiitained from 3 inches deep by Ij inches up to 22 inches deep by 8 inches, being from 
6 feet to 36 feet in length, with top and bottom flanges of usual proportions. The latter 
can be obtained of the same lengths. One manufacturer advertises the following makes. — 
Rolled girders up to 19} inches deep and to 38 feet long, Zore’s patent girders up to 
8 inches deep and to 34 feet long. Channel iron to 12 inches wide and to 32 feet long. 
Angle iron to 12 J united inches and to 30 feet long. Tee iron to 12 united inches and 
to 30 feet long. Flitch and sandwich plates to 14 inches wide and to 36 feet long. Riveted 
girders made up from stock to all sections. Bulb tees up to 10 inches deep. Rounds 
to 6| inches. Squares to 5 inches. Flats to 14 inches. Chequered plates up to 8 feet by 
4 feet. 

The opinion is gaining ground that most of the constants in use for calculating the 
strength of beams are too high, A companson of Tredgold, Barltfw, and Clark, will show 
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a difference of something approaching 100 per cent: Tredgold the highest, Clark the 
lovrest, and Barlow about midway. New sets of experiments are desirable, especially for 
large scantlings. From 1666 D. Kirkaldy has made a number of experiments on full* 
site timbers, and of late years Mr. Lanza has made some at the Massachusetts Institute 
His restdts show that the ordinary formulas require revision. For instance, a spruce beam 
12 inches by 2 inches and 15 feet long broke with a central load of 5894 lbs. According 
to Tredgold's formula, it ought to have carried a load of 8928 lbs. before breaking. This 
result was corroborated by other tests, and the general conclusion arrived at is that, whereas 

we have been accustomed to use as a constant in the familiar formula W 4 cwt. for 

fir or pine beams (in fact, in one of his examples 530 lbs. is used), we ought really to use a 
constant of not more than 2j[ cwt. The more thoroughly large size specimens, whether of 
wood or iron, are tested, the more will our knowledge of their strength be increased, and 
wc shall be leSs dependent upon theories. (J. Slater, 1887). As an instance, put forward 
to long since as 1871-72 by Captain (now Colonel) Seddon from experiments by D. Kir- 
kaldy on (1) white Riga fir, and (2) red Dantzic fir, v/here each piece was 20 feet long— - 

White Higa fir was 18 inches gquare=169 sqnaro inches area. 

Ultimate stress 831,260 Ibs.slOOO lbs. per square inch. 

or ]47‘88 ton8=126*04 tons per square foot. 

Gave way at knots 2 feet 9 Inohos from ceutre. Deflection *642. 

Bed Dantsic fir was 13*5 by 13*2=: 178 square inches area. 

Ultimate stress 309,120 lbs. = 1742 lbs. per square inch. 

or 138-00 tonB= 112*02 tons per square foot. 

Gave way at knot 0-9 off centre. Deflection -648 only. 

Tranioctionst Koyal Institute of British Architects, 1871-72, pp. 156-164, 

Strictly speaking, the law that the breaking weight depended on the variations of stress 
was known before 1849, when it was shown that cast iron bars broke with half the statical 
breaking, weiglit when subjected to continued repetitions of load. Subsequently Sir W, 
Fairbairn carried out an experiment on a riveted girder subjected to continual loading 
and unloading for a period of two or three years. It broke with two-fifths of the statical 
breaking load, and after repairing, with oiie-thi|<d the statical breaking weight, after over 
one million changes of load in each case. statical breaking stress was not, as com* 

monly assumed, the exact measure of the sillitural value of a material. (Prof. Unwin, 
in Builder, 1887, p. 741). 

1629y. Problem I. — To find the breaking weight of a beam, the load being in the 
middle and all the dimensions known. The ends loose or suppoited. 


For A, Timber beams ; — 

= W lb,. I cwt, 

I feet 1 I feet 


h d'^ 3 tons 
/feet 


W tons. 


o4dS 
I ins. 


Wlbs. 


Here S, in the first formula, represents the value of the breaking weight in pounds in the 
middle, taken from the preceding table : in the other two it would be deduced from it ; 

thus, taking Riga fir x j | j ^’ °3*21 for cwt., and — — '160 for tons: h breadth in 
inches ; </ depth in inches ; I distance between the points of support, in feet ; a area of 
section. These letters will be continued in these problems, until other values are attached 
to them. W will always represent the breaking weight. 


1629A. For B, Wrought or cast iron rectangular teams:—* 

»£^_wib.. I i£^-=wcwt.. I ^-wibfc 

Here F represents the weight in pounds borne by a rod 1 inch square, when the strmn is 
as great as the rod will bear without destroying part of its elastic force, a 15,300 for cast 
iron. From a mean of 265 experiments by Hodgkinson and Fairbairn, it appears (by 
Gregory) that a weight of 454*4 pounds in ^e middle of a bar of cast-iron, I inch square 
and 4*5 feet bearing, produced firaoture. Therefore, for a bar of any other dimensions^ 
we have ; — 

1629i« For O, Cast iron girder (Tredgold*s section). 

x(l— qxj5*) = W lbs. Here q, difTerenee between the breadth in the middle and the 

extreme breadths *^5 as found to answer in practice; and p, depth of the narrow part in 
the middle* *7 as found to answer. When the middle part of the beam is omitted, except 

sufficient uprights to connect the top and bottom bars, then x (I — p*) *’W lbs. Hera 
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d whole depti) ; and p depth of part omitted. If the thickness of the web be about ^tb 
or ^gth of the depth of the beam, then — 


I inches 


W cwts. 


I 


adO=26 
I inches ^ 


W tons. 


ad 0=2166 
I feet 


W toDi^ 


Here 514 cwts. may be used for side castings, or 536 cwts. for erect castings. Tlie oth# 
quantities are obtained thus: - 25*7, called 26 tons; -j^-«26*8, called 27 fans. 

When I is used in feet, f§»2'166 : a represents area of bottom flange in inches. 


1629A For B, Cast iron girder (Hodgkinson’s pattern) : 


ad 0=614 
I luciiea 


W cwts. 


adO=26 
I inches 


W tons. 


ad 0=2-1 4 
licet 


= W tons 


2ad 

1ft. 


= W tons. 


ad 

1ft. 


= P tons. 


Here a and d as before; P permanent load distributed, or about one-fourth of the 
breaking weight distributed; and multiplied by 2 when the ends are fixed one-half 
liW. XVom the experiments above quoted from Gregory, we obtain — 

!l^^ = Wlbs. I ei^ = Wcwts. 1 2l|l?? = Wton8. 

1629/. Gregory’s work also states an arbitrary formula given by Mr. Dines, which he 
found to be tolerably correct in all cases where the length of the girder did not exceed 25 
feet ; its depth in the centre not greater than 20 indies ; the breadth of the bottom flange 
not less than one-third, or more than half, the depth ; the thickness of the metal nut letis 
than j^j^lh of the depth. Then — 

= W lbs. I ^ [bd‘-(b-i,)d,^] = 'Wewts. 

^ [6 rf* - (i - = W tons. 

Here 6 entire breadth of bottom flange; thickness of the vertical part ; d depth of 
whole girder ; d^ depth without the lower flange, all in inches ; / length in feet. 


1629m. Hurst, Handbook^ notices that the area of the top flange should be J of that of 
the bottom flange when the load is on the top ; and ^ when the load is on the bottom flange ; 
Molesworth, Formula, has ^ for the latter; he notes that if the depth of the girder be ^ of 
the span, then o4 17 = W tons, the weight being distributed. When the depth is To> 
a5 = W tons, the weight being distributed. The depth at the ends may equal — . Ap- 
proximate rules for these girders have been given in the rocket-book for 1865, as / x P = d x a, 
d X 2 X P 

~-j- = P, — j- = a. Here I feet ; P tons distributed ; d depth of girder ; a area of bottom 
flange, both in inches. 


1629h. For B, Wrought iron tube or beam, or box-beam i — 

7 I^® = Wton.. 1 = W tons, when rf is moro than i 

Here a area of the bottom flange; C coefficient determined for this particular form of tube. 
In the table given by Fairbairn (pp. 116-17), a area of the whole cross section, the con- 
stant C= ]7'8 tons, for a tube having the top flange** *142 thick, twice the area of the 
bottom one; the tube being 9*6 inches square, and 17*5 feet long between the supports. 
Such a beam deflected 1 *76 inches with a breaking weight of 7,148 lbs. 


l629o. Hurst states it is usual to camber a riveted girder, so that on receiving the per- 
manent load it may become nearly horizontal. If the required rise or camber equals e in 

the middle in inches, d being in inches and i in feet, we have ^Kae. For girders uni- 
formly loaded and of uniform section throughout the length, Ka *018. When the section 
IS also made to vary so that the girder will he of equal strength throughout, Ka *021. 
Molesworth notes the area of top flange as 01*18 ; Hurst says a 1-75. If the depth of 
the ^rder be ^ of the span, then W a l3*3o tons; if then Wa I6a thus. The riveU to 
be inch and incli in diameter, placed 3 Inches apart in the top and 4 inebe^ apart in 
tlie bottom flange. 
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l629/>. For y, Wrought-iroH pfate giriUr : — 

W cwts.: area of the top flange being J greater than the bottom flange, and the 
, thickness of the web about 51 or ^ of tlie depth of the beam. tons, in which 

case C » 75 for deep plates, as 22 inches ; or « flO for less depth, as 7 inches. ■» W 

tons, when d is more than and the area of the top flange is 1*75 of the bottom flange. 

Here a area of bottom flange in inches ; some calculators deduct tlie rivet holes from its 
tptal width. For depths under i2 inches, the width of the top flange should be half tlie 
depth; and when over 12 inches, one-thii'd. With the latter proportion, feathers or 
stifl'eiiing pieces should be used to supply the deficiency in lateral stiffness occasioned by 
the reduced width of flange {par. 1629c.). The usual thickness of web for all depths 
under 3 feet is | inch. Fairbairn ( Tubular Bridges^ p. 247) discovered that the top flange 
should have an urea double that of the lower on% to give the strongest form of wrought iron 
beam, a contrary principle to that obtained in cast iron. 

1629^. To find the area of either of the flanges at the centre of a girder supported at 
both ends, the formula is — Here W represents live and dead loads uniformly 

distributed in tons ; I span in feet ; d depth In inches ; and s safe strain per square 
inch of metal on the flange, in tons. Therefore, say g^ct^ea “* square 

inches, excluding rivet holes in the bottom flange. This formula is the equivalent of 
War weight runxli ^ When the sectional area of the top flange is to be greater 

than that of the bottom flange, multiply the latter area by 1*2. The average sectional 
jirea of a theoretically proportioned flanged girder may be taken at |rds of the central 
sectional area. To find the sectional areas of either flange at any point along the whole 

length of the girder, the formula is excluding rivet holes in bottom flange. 

Here W weight per foot run in tems ; x lesser segment into which the span is divided ; 
l~-:t greater segment; 5 and d as before. To And the sectional area at any length of the 

web, the formula is — .sa square inches. Here x is the distance from the centre ; W and 

s as befq^u* The vertical strain, at the centre of the beam, when one-half of the girder is 
fully loaded, is equal to ^ of the fully loaded beam, that is |W x 1. At the ends or pillars, 
the vertical sixain is greatest, and is equal to x L The strain at the centre, when the load 

is uniformly distributed, is obtained from the formula « s. Here W distributed load in 

tons ; / length in feet; d depth in feet ; s strain in tons of compression in the top flange and 
tension in the bottom flange. Half the load collected at the centre of a girder being equal 

W I 

to the load distributed, the above formula becomes At any other point, ratios of 

strain will be as the square of half the span to the square of the segments into which a 
given point divides the span. The approximate strain at the centre, per square inch, on 
^ , W I • 

any beam, may be obtained from the formula Here W distributed load in tons; 

I length in terms of tlie depth ; a sectional area in square inches ; and « strain in tons per 
square inch. To find the sectional area of a flange for a plate girder lixed at one end and free 

at the other the formula is "O* exclusive of rivet holes in the top flange ; W weight in 

tons at the end of the girder; x length in feet from loaded end to the point where the sec- 
tional areas are required ; d depth in feet ; t safe strain per square inch in tons. When the 
load is uniformly distributed, using the same notations as before, except that W in tons is 

the load per foot run, the formula is {Engineer*^, /Architect's, Packet- bookyl865,) 


1629r. For O, Rolled irons or bars : — 

^9 ^ « W tons. Here a area of bottom flange includes to above the upper part of 
“ the swelling for flange, as 60 (fig, 6l3g,) ; or to the 

i whole of the #ngle in plate girder I*. A railway bar 
is often useful in country places ; the intricate formulae 
for the various parts will be found in 

Barlow^ the Engineers 4*/?., Pocket-book for 
1861. . ■ . 



FIf. 6i3q, 


I629i* For B, Tee irons, or Rolled T irons : 


adOssi 


W tons. 


ItBCt 
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1629/. For S, Rwerud Tti iron %: — 

Wl»en X is one-fburth of tlie table or flange h c, and the form as 5 : 12 of a rectangle, then 
It was stated in the Otdhum Mill Report that this form of beam» which 


might be considered to support a weight of say 1000 lbs., may be broken if reversed, that 
is, the flange placed uppermost, as T* ^ith a weight of say 340 lbs. Hodgk!n«on experi- 
mented on two bars 4 feet S inches long, the flange 4 inches wide, rib inch deep, with 
a thickness of metal of about i inch. One bar was tried with the flange uppermost, the 
other bar with the flange downwards. The former broke with 2^ cwt., the latter with 
9 cwt. Experiments on three girders of this shape, the web being 2 inches high and 
^ inch thick, the flange 2 inches wide by ^ incii thick, and 24 inches long, were made by 
Cooper of Drury Lane. He stated that the gain in strength over a flitch 0 2 inches by 
I inch was 25 per cent. ; the loss in stiffoe'is being 30 per cent. The strength arising from 
the accumulation of the quantity submitted to tensile action 
bears out an adequate result, or 580 Umesits own weight, instead 
of 40:), as D 2 inches by ^ inch, and 0 02 inches by J inch each, 
placed ^ inch apart, showing over them an increase of strength 
of nearly 50 per cent. In using this form of section, it makes ai 
no diflference whether the load be placed wholly on the top of 
the vertical web, or on the lower flange ; the result obtained in ^ 
either case was the same. — Builder ^ 1845, vol. iii. p. 593. The 
results of some other experiments on this useful form of iron 



are given in the Engineer' t Pocket-book for 1861, p. 205. The formula W tons is 

also applicable to the trough-shaped section, as N (^Jig. 613r.), as to the inverted Tee or 
^ shape M, taking the two vertical ribs to be equivalent to one rib of the same depth and 
double the thickness. The thickness of the horizontal and vertical parts of these girders 
should be equal, or nearly equal, so as to obtain as near an equality in cooling as possible. 

I629u For X, Mixed beanrs ; Flitch beams and double jiilch beams : — These beams ai^e 
composed of an iron plate (cast or wrought) placed betwen two pieces of, fir timber, 
fig> 613s., or of a plate placed on each side of the solid timber 
beam, jig. 613/. These plates agam may have a table or 
flange, as in the case of the single plate; or of a half flange, as 
in tbe case of the plates on each side of the beam. All these 
should be bolted, or otherwise secured together, to render 
tlum as homogeneous as possible. Hurst gives the formula 

j“j;^(C 5 + 30/)=3 W in cwts. Here t breadth of the one, or Fig. 613 #. Fig. eta. 



tw Of wrought iron flitches ; h breadth of wood, both in inches ; C, coefficient = 4 teak, 3 oak, 
2‘5 fir, and 2*0 elm. Fairbairn considers that “ theaddition of tbetimber on each side of the 
plate gives increased stiffness, and renders it le^ liable to warp under strain. It is called a 
sandwich beam.” He states this beam “to he weak, comparing the results with those of 
the simple plate girder ; and its elasticity, although considerable, is nevertbele<%s so imper- 
fect as to render it inadmissible for the support of great loadth whether proceeding from a 
dead weight, or one in motion over its surface. With riveted angles or flanges, tbe timbers 
on each side might have been useful in preventing lateral flexure, but they would not have 
contributed, in any great degree, to the vertical bearing pow'ers of the beam.” {Application^ 
&c., p. 284-5.) Holied flat irons can now' be obtained about 13 to 14 inches deep, from 
§ inch to an inch in width, up to 30 feet in length, and for special cases somewhat longer. 

1629v. The method of trussing a beam is explained in Carfentkv {par, 2021, et seq.), 

I629ic. The formula for finding the strength for examples IV. and 675., are^ = 5j 

j Here I length in feet ; d depth in feet — both measured from the points 

16 

of intersection of the stay, tension rod, and top beam ; W load in tons uniformly dis- 
tributed; h horizontal thrust on beam in tons ; and s strain on inclined part of tension rod 
m tons. When the truss has more than one stay, 5, /, and d will represent the same ; and 
h^ tensile strain on the horizontal portion of the rod. The strain on the inclined tie rod 
will be + n the number of times that the horizontal distance between the 

pier and the nearest stay is contained in 1. If any load be placed on the middle, the strain 
^ will be doubled. If any load be placed on each of the stays, then I will represent the 
distance of each loaded stay from the itearest pier; d depth as before; h horizontal 

thrust on the part next the pier ; s tlki8lbtii^n,.4heh of the inclined ties. Then « A ; and 
v/^+W*«ij. . To resist the struns of ^^clined tie rods with safety, allow an inch of 
f^^onal area in the tie rod for every 5 t<ms of strain. Tbe stay, being in compression, 
•hottld be calculated as a column capable of supporting the load if in the middle, or one 
iialf if distributed The beam, though In oompression, iSould be capable of supporting tbe 
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load between the stays, as a beam exposed to transvcn'se stnun, according to the rules belbrf 
given. Tie rods» when exposed to great strains, are not generally of much value, be^buM 
the iron stretohes. 

1629r. Mr. Cubitt experimented on an equal flanged cast iron girder, 27 feet lon|^ 10 
inches deep, and 4 inches broad across the flanges ; the rods were 1 inch diameter. Whesi the 
ends of the rods were placed above the beam, it was found to be weaker than having no 
rod at all. Wiien the fastening was made at the upper end of tiie girder, and giving a 
distance to the rod of 6j inches below the girder instead of an inch, an increased stiffness 
was obtained of above a ton (Warr, p. 259). Some experiments are recorded in tbe 
Builder, 1857, on two beams of Dantzic timber, each 28 feet long, H inches square, with 
and without a tie rod, Barlow records an experiment (p. 158) on four beams, two being 
trussed similarly to the figure on plate xxxix. of Nicholson’s Carpenteri New Guide, 
Mr. Cooper’s experiments on trussed beams are given in the Builder, 1845, p. 612. For 
Trelli* ffirdtre, another mode of trussing a beam, Fairbaim, p. 129, uses the same formula 
as for the plate girder F, but with the constant 60. For this, the student is referred to tlie 
Application {pc. of Iron, enlarged edition, 1864, 


1629y. 


Oiher conditions than that of the Weight in the yUddle. 

To find the ultimate strength of a beam (section JEL or S), wlien a weight 
is placed somewhere between the middle and the end. Rule—* 
Multiply twice the length of the longer end, A, fig. 613m, by 
twice the length of the shorter end B, and divide the 
product by the whole length C, which will give the effec’- 
live length to be used as the divisor for the calculation 
of strength under the conditions of the beam : — Thus say 
rur. eisn. a i^eam is — 



2xl0)x(2x5) 
15 long 


= 13*33 effective length ; 


= 13,762*64 lbs. weight. 


Hurst puts it as, qI- lengths from each end. 

1629z, Barlow (p, 39-40) has stated a case where a beam has to support two equal 
weights l^tween the points of support, FF', as at D and E, Example I. fg. 613i>, 
then since IC«iC = JI/, and W=:W‘, the general expression becomes 

} X And if we suppose further ID=s/E, then it becomes simply ID.W=/. 

D 0 

Ow 1 





1 i 

r ; 

h 

A 

A 

r 

i - 1 

1 1 


Ow 

ng. eisv. 


Now, if both weights act at the centre, it appears 
from the preceding investigation, that ^It. (2W) 

*= J Ii.W«= IC.W=/. Whence the strain in 
the two cases will be to each other as ID to 1C ; 
and lienee the follouing pradtical deduction: — 

When a beam is loaded with a wel^^ht, and that weight h appended to an inflexible bar, 
or bearing, as D£, in Ex. 2, the strain upon tbe beam will vary as the distance ID, or as 
the difference between the length of the beam and the length of the bearing*, for the 
bearing DE being inflexible, the strains will be exerted hi the points E, exactly in 
the same manner as if the bearing was removed, and half the weigMUKL on at each of 
these points. This remark may be worth the consideration of in various 

architectural coniitructions. He also puts the case of a beam, which, iflUad^Wing fixed at 
each end, merely rests pn two props, and extends beyond them on each nde eqj|^ half their 
distance, as Ex. 3 : if the weights W W' wer-e suspended from these latte^jfeints, each 
equal to one-fourth of the weight W, then this would be double of that which would be 
necessary to produce the fracture In the common case ; for, dividing we'^ht W into 
four equal parts, we may conceive two of these parts employed in producing the strain 
fracture at E, and one of each of th© other parts as acting in opposition to W and W , 
etnd by these means tending to produce the fractures at F and P. lliis is the ease 
nrhich has been erroneously confounded with a former one (fixed at each end), but the 
distinction between them is sufficiently obvious; because here the tension of the fibres, lit 
the places where the strains are excited, are ail equal; whereat in the fomw^ tbe middle 
one was double of each of the other two. 

1630. Experiments are recorded in the Chil Engineer Journal, 1849, xi, page 44, on 
parallel bars of cast iron, 4 feet 8^ inches long and 4 inches square, pkice4 OB tieo 
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gupports €C (jlg. 613t(r.)«. Wgightg were placed at each end at equal duteneee (rom 
the iopportg, and the weight! bemg gradually 
increaged) the bar broke gimultaneously through 
at ££. On another trial, a bar broke only 
in one point F, being a little nearer to the 
iniddle. This was considered a sufficient proof 
that a portion of the metal m^ht be removed 
from the middle of the bar without diminisb- 
ing its lateral strength, and titat by adding this 
metal about the points ££^ the lateral strength 
would be increased. 

Varioug Problem. 

1630* I. When a beam (as sections A and B), with the ends supported, is to be cal* 
culated to support a permanent vreight in the middle, the formulas for obtaining tho 
breadth and depth are and W weight to be supported, S safe 

weight, or ) of the ultimate strength of an inch bar ; h and d in inches. 

II. When a similar beam for obtaining the breadth and depth had the ends fixed, the 


Fig. 61310. 


formula for the breadth is 


/ w 




’S3 (PIS’ 

III. When a similar beam projects from a wall, and is loaded at the ends, the formula 
for the depth is 

IV. When a similar beam has to support a load placed at some distance from the 
end {Jig, 61 Sk), the effective length must first be obtained by the rule, par. 1629y. 'fhcn 

the formula for the depth is *= <P. 

To find the diagonal of a uniform square cast iron beam, to support a given strain in 
the direction of that diagonal, when the strain docs not exceed the elastic force of the 
material (Tredgold): — 

V. When the beam is supported at the ends, and loaded in the middle, the formula is 

I w , 

2T2 for cut iron “ diagonal in inches. 

WkB >c a 

VI. When a similar beam has not the strain in the middle of the length - 


/53 


> y diagonal in inches. Here a and b refer to Jig. 613u. 


16306. To obtain dimensiong^ ^c. of beams and girdgre : — 

I. To find the depth of a beam, the length, breadth, and weight being given. For 

Aand B, no breadth or depth be gpven, let no any 

number, then 1 ^ ” ^ feet^W JU. ^ 6=, nth part of d. 


^ W not exceeding the clutic force . • 

®> V (s»uor6<»r*(i-?3xW) For 

II. To find the breadth of 
AandB 


16 


-=(f. ForB, 

beam, the depth, length, and weight being given. 
l feet W lbs. , . , r? ^ r 

~ h inches. For B, 


For 


-^5 SB 0 incnes. r or as, » 

The proportion between the breadth and depth which will afford the best result 
is 6 : 10 depth, in timber. The formula for the least breadth a beam for a 

given bearing should have, ia “ l>»-eadth. 

HI. To find the lengthy the w^ht, depth, and breadth being given: — 

For A and B, 

TV. To find the oonetant S, the length, depth, breadth and breaking weight per foot m 
length, inch square, being given, For A and B, ■» S. 

V. To find the area of the bottom fiange, the length, load, and depth being given. 
For % I«d7n too. dl.t.1 . !...^ ^, ^ 

beam, or tension not more than 5 tons per square inch. 

\ To find the multiple of depth and area of the bottom flange, the length and load being 
given. For B girder, I Pwd x a. 

VII, To find the area of the top flange. For B girder, bottom J. 

I HI. To find the area of the side plates. For B girder, } area of bottom. 


TiasioK, no*. 

n$ tseatrat eueie, A timber b^am aoppoirted at the ends and preesed down in 
ibt middle b)^ a weight, will have itgtknrir fibres extended, whik the upper fibres are 
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pushed together. Since there are these two strains, there will be some line or point ia 
the depth which is labouring under neither the one nor the other ; this is the neutml axis 
The furtl^er the fibres are f.om the neutral line, the more they will resist deflection from 
the load. It might be inferred that the material should be placed so far above and below 
the neutral line as other circumstances will allow, in order that they may be in a position 
to exerciw the greatest power. The most simple application of these views is shown in 
Laves s girder (described in CAAPENrav). “As ca^ iron resists fracture about six tiniiH 
more powerfully under compression than under tension, it is useless to give as much ai^ 
of material in the upper or compressed, as in the lower or extended, flange of a cast iron 
beim. Ho^k^n {Ex^mental Reaearchu, 1846, p. 484-94) states that the position 
of the neutral aus m cast iron rectangular beams, at the time of fracture, is situat^ at 
about Y of the whole depth of the beam below its upper surface. The sectional area of the 
top flange of a cast iron girder must be rather more than | of the bottom flange, to keep 
the position of the neutral axis at ^ of the depth. In sudden ftacturei it was from i to i 
of the depth. ® « 

1630d. Tredgold, Irm, 1st edit. 1822, p. 53, considered the line of neutral axis in this 
^tiw to be in the middle of the depth. He notices the curious fact put forth br 
Du Hamel, who cut beams one-third, one-half, and two-thirds through, and found the 
weights to be boime— by the uncut beam 45 lbs. ; and by those cut 51 lbs., 48 lbs., and 
42 lbs. respectively, which would indicate that less than half the filires weie engaged in re- 
sisting extension, although it does not prove that two-thirds of the thickness contributed 
notliing to the strength, as Robison imagines. Barlow found that in a rectangular beam 
of fir, the neutral axis was about five-eighths of the depth, as sliown by the section of frac 
ture. Warr gives for cast iron, the value of n or neutral axis 2*63 ; n«6 when the line 
mny come m the middle. Attention should be given to the highly valuable paper bv the 
Astronomer Royal (Prof. Airy), On the Strains in the Interior of Btams and Tubular 
Bruges, read in 1862 before the British Association at Cambridge. It is given in the 
Athenaeum for October 11 ; and its further elucidation in the last edition (18641 of 
Fairbairn’s Application of Cast Iron, §-c, or 

The deflection of a beam supported at the ends and loaded in the 
middle, is directly as the cube of the length, inversely as the cube of the depth and in 

v.r.ely “ breadth; thererore. bSS “ B eams have been „id to 
bear considerable deflection without any injury to the elasticity of the material BufTor 
and Tredgold considered the elasticity to remain perfect untd one-third of the breaUne 
weight IS laid on. Hodgkiuson was perhaps the first who oracticallv ^ 

cast iron beam, a j^^nd part of the breaking weight caused a visible set^after that weieh^ 
removed ; while another beam took a visible set with ^th part of its break ig ^ 
He found tim m cast iron beams to be as tlielquare of the load aiipbJd He 

also found that cast iron beams bore t«o. thirds, and even more, of tlieir breakinz weirfit 
lor long periods, without any indication of failing. Gregory ( Muhanic, /h, P. r ‘ 
4th edit. 1862) considers that, though the above rule may b? Lrrect for 
m length, it does not apply when they are much longer’! Th"mal CubittTjT*, t k* 
experiments that, when the length became about 20 feet, the set was onlv .« n 
and that with larger beams the set was still less. FaitbaTrrfound tt’^ ?Aov 
a*ba'’r*T/'i^"’' ‘®““<ied on clastic limits, since it was evident that, while the^clSity of 

abac ismjured M soon as a weight was applied, the particles or fibres ake un^Lh 
positions until the antagonistic, forces in the beam are brought nearly to l! iv*^ u 

be^m " ‘'>«*ub«tquent deletion oftSe 

1630/ Fora r^Ungular beam of cast imn supported at both ends and loaded in tbemiddle 

.0 the extent of its elastic force, deflection. For similar beam., loaded uni- 

formly, multiply by -025 in place of 02. t. i , 

ultimate strength of a girder of the Usual proUtioL may be a^proWefv"^ that the 
from Its deflection under proof, on the assumption that a lid eqnri to half 
weight wiU cause a deflection of ,1, of its length f Dobson I Thl "“f breaking 
greatest depth of a beam to the spaTis so regulfted that 

deflection to the span shall not cxreed a limit which exnerienel harT^'°V*u*^® grwtest 
with convenience^ That proportion, from various examples, appems toTe for foe worUng 

“si 

Cubitt, on cast-iron girders (as section B) whose dimensions or^ 

the load in the centre is taken as jths of the breakimr f **?\*f^ /ound that when 
be .is«i,(rfdepfo ill centre; /length in feet), -I. When^.b^ 
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equal, and the girder parallel, or equ9l depth throughout, deflection. II. 'When the 
flanges are not equal, and the girder is not parallel, deflection. III. When the beam 

has no top flange, and the depth varies, deflection (Gregory). 

16304. The formulas given by Hurst, Handbook, ^e, for finding deflection, which occur 
^ under Stiffness of beama, are, I. When supported at the ends and loaded in the middle, 

For eylinderis ,4 ^. Inch.. "• 

111. If the beam be fixed at one end and loaded at the other, the deflection == 16 times the 
product. IV. If fixed at one end and uniformly loaded, 6 times. V. If supported at both 
ends and uniformly loaded, (ths. VI. If fixed at both ends and loaded in the middle, |th, 
VII. If fixed at both ends and uniformly loaded, ^^hs. He gives the following : — 


Tablx or THE Relative Strength of Bodies to Resist Deflection = C. 


Wrought iron - 

•067 

Baltic oak 

- 1-120 

Ash 

- 1*176 

Cast iron - 

•112 

Yellow fir 

^ 1-120 

Beech 

- 1 *434 

Teak 

•851 

Memel fir 

- 1-008 

Elm 

• 1 *904 

English oak 

i^344 

Red pine - 

- 1-232 

Mahogany 

- 1 *300 

Canadian oak - 

1*008 

Yellow pine 

. 1-254 




VI 11. The deflection of a rectangular beam is to a cylindrical one, as 1 to 1*7. IX. When 
the deflection is taken as ^th of an inch per foot in length (which is considered to be safe 



for 5*5 or i2C for g'jj. XI, For cylinders, ^p^sWC® diameter. XI. For an uniform load 
take |ths, as before. • 

1630t. The modulus of elasticity, or resistance of materials to stretching, is the term 
given to the ratio of the force of restitution to the force of compression. It is the measure 
of the elastic force of any substance. By means of it, the comparative stiffness of bodies 
may bo ascertained. Thus from the following table it will be perceived that a piece of cast 
iron is 10*7 times as stiff as a piece of oak of equal dimensions and bearing. Resilience, 
or toughness of bodies, is strength and flexibility combined ; hence any material or body 
which bears the greatest load, and bends the most at the time of fracture, is the toughest. 
I'he modulus is estimated by supposing the material to present a square unit of surface, 
and by any weight or force to be extended to double, or compressed into one-half the 
original length ; such a weight svill represent the modulus. 


Table of the Modulus or Elasthhtt; with the portion or rr (limptinq the Cohesion 
or the Material, or) which would Tear them Asunder Lengthwise. 


Lsslib, 

Bbvan. 


Teak 

Feet. Part. 

6,040,000 or 168th 

Fir, bottom, 25 1 


Feet. 

7,400,000 

Oak . 

4,150,000 „ 144th 

years old - J 


Beech 

4,180,000 „ 107th 

Petersburgh Deal 

- 

6 ,000,000 

Elm - - . 

5,680,000 „ 146th 

Yew 

• 

2 ,220,000 

Memel Fir 

8, 292, COO „ 205th 

Stones, ^c. 


Christiania Deal- 

8,118,000 „ 146th 

Dinton •> 

. * 

2,400,000 

Larch - • 

5,096,000 „ 12l8t 

Ketton - 

m m 

1,600,000 


Jettemoe 


635,000 


Reigate - 


621,000 



Yorkshire paving 


1,320.000 

Yellow Pine 

Feet. 

- 9,150,000 

PortUmd stone 


1,570,000 


- 11,840,000 

Slate, Leicester 


7,800,000 

Finland Deal 

6 ,000,000 

Glass-tubes • 


4,440.000 

Teak • • 

4,780,000 

loo - 


6 .000,000 

Maliogany 

. 7,500,000 

White marble - 


2,150,000 

Dry Oak • 

• 5,100,000 

JtfsiaU 


Oak . 

• 4,350,000 

Steel . 

m 

9,900,000 

Idneoliis. Bog Oak 

- 1,710,000 

Bar iron 

• 

9 ,000,000 

■Lance-wood • 

. 5,100,000 


• 

8,450,000 


F F 2 
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Table or the Modules of EtAsriciTr, 


Thcogold and o hers. 


Beech 
Elm - 

Larch 


to 


to 


Fir, Red or Yello\r 
^ White . 

„ Yellow American 
„ Mar Forest - 
„ Scotch 

„ Riga - 
„ Memel 

Birch 
Chesnut 
Walnut 
Cedar 
Red Pine 


Spruce Fir - 


Christiania Wldte Deal 

American White Spruce 
Weymouth or Yellow Pine 1,633,500 
' 1,252,200 


lbs. avoir, per sq. inch* 
' 1,350,000 R 

1.345.000 

700.000 R 

1.340.000 

1.363.500 

1.740.000 

900.000 R 

1.360.000 

2.016.000 

1.830.000 

1.600.000 
845,066 
951,750 

1.687.500 

1,328,800 
1,957,750 
1,536,200 

1. 645.000 R 

1.140.000 R 

1.432.000 

486.000 

1.460.000 R 

1.900.000 R 

1.400.000 R 

1.800.000 R 

1.672.000 

1.804.000 

1.244.000 


to { 
to 


Pitch Pine - 
Mahogany - 

Good English Oak. 
Oak - 


to 


to 


\ 1,225,600 
-r 1,255,000 R 
I 1,596,300 

1,700,000 
-f 1,200,000 R 
\ 1,714,500 


Trbqolo and others. 


Oak, Adriatic • 

„ Canadian 

tf African • 

„ Riga - 
„ Dantzic 

American Red Oek 
Saul - - - 

Teak, Indian 

Poon 
Cowrie 


Metals, 

Cast steel • 

Best shear steel, not hard- 
ened 

Cast brass - 

»» t* “ 

Cast iron 

average 

Cast lead - 
Cast tin 

Zinc - - • 

Gun metal 
Brass wire - 

Iron^ire ^ 

Stones, jri 

Portland stone 
Slate, Welsh, average 
Window glass 

»» »» • 
White marble 


lbs. avoir, per tq. Inch. 

974,400 

2.148.800 

1.728.000 
2,282,300 

1,610,500 

1.998.000 

2.150.000 R 
1,958,700 

2.420.000 R 
2.167,074 

2.414.400 R 

1.689.800 

1.982.400 


( 2 ) 


13.680.000 
j 29,000,000 

8.930.000 

9.170.000 R 
f 18,400,000 

1 17,000,000 R 

720,000 

4.608.000 
13,68 ),000 

9.873.000 

14.230.000 R 
17,C00,000 R 

25.300.000 R 

1.530.000 

15.800.000 

8.580.000 
8,000,000 R 

2.520.000 


R, from Rankine, Civil Engineering. 


1630A. Hence, the modulus of elasticity being known for any substance, the weight may 
be determined which a given bar, nearly straight, is capable of supporting. For instance, 
in hr, supposing its height 10,000,000, a bar one inch square and 10 feet long may 
begin to bend with the wciglit of a bar of the same thickness, equal in length to 

•8225 X 10,000,000 feet = 571 feet, that is, witi) a weight of about 120 lbs; neg- 

lecting the effect of the weight of the bar itself. If we know the force required to crush 
a bar or column, we may calculate what must be the proportion of its length to its-depth, 
in order that it may begin to bend rather than be crushed. (Gregory, p. 382.) 

16301. For a rectangular beam supported at both ends and the weight applied in the 

middle, Gregory, p. 388, gives the formula deflection in inches in the middle. 

Here M modulus of elasticity in pounds ; I length in feet ; W weight in pounds; ^breadth and 
d depth both in inches. Fenwick, AffcAanics q/* Construction, gives the formula or 
« deflection. Ht re I length is in Inches; and I moment of inertia of the section, 
wfiich for a rectangle, **^*5 td*. 

1630WI. As it may often be necessary to calculate the deflection for an arm from that of a 
beam, or vice versd, we notice the statement made by Barlow, edit. 1837, that “the deflection 
of a beam fixed at one end in a wall and loaded at the other, is double that of a beam of 
twice the length, supported at both ends, and loaded in the middle with a double weight,*’ 
But by his editor in 1851, the word double vrus altered to equal. Certain experiments made 
by us on both the beam and the arn», t^ded to prove that the former was correct {Builder, 
1866, p. 124); but scientific investigations show that mathematically the latter is correct | 
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hut AS they mainly depend upon the perfect manner in which the tail of thcf arm is secured, 
the former, or doitbU deflection, is recommended to be anticipated in practice. 

16d0ft. There is no such thing as permanent elasticity in any rigid material, and the only 
possible way of constructing a beam which will return to its original form after the load 
is removed, is a compound or trussed beam, put together in such a way tliat the permanent 
alteration of one material counterbalances that of the other. All beams, without excep- 
tion, will settle in the course of time, even with the lightest load. Not only the load, hut 
ihe changes of temperature afford a permanent cause of this settling. Facts on this point 
lire difficult to obtain, as the experiments require to be extended over years, and on the 
same piece of material. Iron rode, one inch square, which may carry 60,000 lbs. before 
they are lorn, stretch permanently by a load of less than 20,000 lbs. The best wrought 
iron cannot bear more than one-eixth of its load, without being permanently altered. 
I'hese data apply only where the material is permanently at rest ; if motion or accidental 
increase of burden happens, the above rules and numl)ers are considerably modified. As 
elasticity in material varies as much as its strength, and does not follow the same rules as 
cohesion, it is advisable to make experiments in each particular case where important 
structures are to depend upon the smallest quantity of material. (Overman). 


1630o. Impact or Colli eion. A second force, after direct pressure, is that of impact, says 
Fairbairn, involving a proposition on which mathematicians are not agreed. For practical 
purposes, we may suppose a heavy case equal to 2,240 lbs. or one ton, falling from a height 
of 6 feet upon the floor. According to the laws of gravity, a body falling from a state of rest 
obtains an increase of velocity in a second of time equal to fiet and during that period 
falls through a space of 16 ^'q feet. This accelerated velocity is as the square roots of the dis- 
tances ; and a falling body having acquired a velocity of 8*05 feet in the flrst foot of its 
descent, and 6 feet being the height from which a weight of one ton is supposed to fall, we 
/lave ^^6 X 8'05 = 2*449 X 8-05 = 19 7 14 for the velocity in a descent of 6 feet. Then 
19*714 X 2240 = 44,159 lbs. or nearly 20 tons, as the momentum with which the body impinges 
on the floor. In the present state of our knowledge, this momentum may probably be taken 
as the measure of the force of impact — “ On the effects of impact, the deflections produced 
.^y the striking body on wrought iron are nearly as the velocity of impact, and those on cast 
lion greater in proportion to the velocity. The experiments and investigations made for the 
Commissioners on Railway Structures are extremely valuable. Their results showed that ‘‘the 
power of resisting impact increases with the permanent load upon the beam ; the greater 
the weight at rest upon the beam, the greater must be the momentum of a striking body 
in order to break it. This is satisfactory, as it diminishes the risk from falling weights in 
warehouses ; the more nearly the weight upon the floors approaches the point at which 
danger begins, the greater is their power of resisting sudden impacts. Comparing the 
mean results of the experiments on bars not loaded, “ we find that the transverse is to the 
impactive strength as 2685 ; 3744, or as I : 1*39. Similarly, when the bar is loaded with 
28 lbs. in the centre, the transverse is to the impactive strength as 2685 I 4546, or as 
1 ’ 1*69; and when 391 lbs. is spread uniformly over the bar, the transverse is to the im- 
pactive strength as 2685 I 5G99, or as 1 I 2*12.’* — (Fairbairn, p. 228). 


I630p. Tensile strength Is that power of resistance which bodies oppose to a separation of 
their parts when force is applied to tear asunder, in the direction of their lengths, the 
fibres or particles of whiclr they are composed. Tredgold's assertions of the principles have 
been combated by Gregory, to whose work we must refer the student for the reasons he 
gives. If apiece of No. 10 iron wire bears a tension of 2 , 000 lbs. before it breaks, ten 
wires will bear ten times 2,000 lbs. If the sections of 50 wires of this number, form the 
contents of one square inch, then it will bear a stress of 50 x 2000 lbs. before it is tom 
asunder, provided the wires are so arranged that each will carry its full weight. But it 
does not follow that a bar of wrought iron of one square inch will carry an equal weight, 
not even if the irpn be of the same quality. If a solid iron rod of one square inch will 
carry 50,000 lbs., it does not follow that a rod of 10 square indies in section will carry ten 
times as muchl When welded together, the capacity for resistance appears to be weakened. 
Ill is observation applies to almost every kind of material, and varies only in degree. The 
tables of cohesion are generally computed to the tearing of the material, but our calcula- 
tions should never go beyond the excess of elasticity, for fear of injuring the material. 
(Overman.) 

I 6 . 3 O 7 . If the strain upon a rod or strut be greatest on any one side, that side must 
sustain the wlmle force or break. This consideration is of great practical moment in 
estimating the value of all kinds of ties, as king and queen posts, Ac. — (Iredgold). 

I630r, The formula for the strength of tie- rods, suspension bars, &c. is C tons x area 
of wetion in inches wW tons — a quarter to be taken fbr safe weight— or Clbs. xarea of 
•®®tion in inches ^W lbs. . C being obtained from one of the columns in Tables I and IL 
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If the weight to be sustained be given, and the sectional dimensione of the ber be 
required, divide the weight given by one-third or ono-quarter of the cohesive strength, 
and the square root of the quotient will be the side of the square. If the section be 
rectangular, the quotient must be divided by the breadth. 

Table I., or the Absolute Cohesive Powsa (oa Breariko Weight) of MrrAis.; 
Sectional area, 1 inch square, 1 foot in length. 




IQ 

METALS. 

Brante, 1817, and oUMm. 



Bar Iron, Swedish • - . 

H „ H •■oiled 

„ ,1 „ - - R 

„ „ Ruisiaw • . - 

*» *t t» • ■ ® 

„ EngUth 

„ „ Mean strength,* R 

„ ,, Charcoal, R - - 

„ „ Lancashire, - R 

„ „ Low Moor, - R 

„ „ ,, crosswise 

„ „ Welsh - - - 

„ „ Staflbrdsliire, - R 

„ „ Lan.irk shire, - R 

Bridge Iron, Yorkshire, - R 

„ „ „ crosswise 

„ „ Staffordshire, R - 

„ „ crosswise 

Rivet Iron, Low Moor) 
and Staffordshire, > 

Bushellf^d Iron from Turnings 
Scrap, Hammered - . . 

Angle Iron, various Districts • 

Strap « ,1 ■ • - 

Plates:— (Rauk.'oo. 

„ Yoikshire * 

„ Bessemer, roll'Hl, M 

r, !! boiler - K 

,, Staffordshire- • 

„ M crosswise - 

„ „ BB, charcoal 

,, „ crosswise - 

„ ■ „ BB 

„ „ „ crosswise 

„ II Best - - 

1 , fi II ctosswise 

„ „ Common 

„ „ „ crosswise 

„ Lancashire • • . 

„ „ crosswise - 

„ Durham - • - 

„ „ crosswise « 

Steel and Steely Iron 

Bars, cast . - - . . 

„ Blistered ... 

„ Shear • - - 

Plates, average . . R 

Bars, Cast, Rolled, and Forged 

,1 II ♦» II ■ I 

lbs. 

66,000 
72 064 
f 41,261 
{ 48, 9.^3 
69,470 
f 49,504 
1 69.096 
66.872 

"63.620 
f 63,776 
1 60.110 
64,200 
62,400 
f 60,075 
} 66,390 
16,265 
f 66,716 

1 6 >,231 
f 61,327 

1 64.795 
49,930 
43.940 
47,600 
44,385 

69,740 

55,87S 

63.420 

C 60,056 
{ 61,260 
f 4I,3>-6 
1 66.937 

f 52.000 
( 68.487 

70.000 
72,6 i3 
68,319 

f 46,404 

1 66,996 
f 44,764 
( 61,251 
45.010 

41.420 
f 49,945 

1 69,820 
f 64.820 
( 40,470 

61,280 

63.820 

60.820 
62,826 

r 43,433 
} 63,849 
r 89,514 

1 48,848 
61,246 
46,712 

131,266 

133,162 

127,632 

80.000 
( 92,016 
{ 132,900 

130,000 

Tons. 

29-*) 

26*70 

21-93 

27 00 

69-93 

69-43 

66-97 

Bars, Cast, Blistered, Rolled, ) 
and Forged - 3 
„ „ Shear, liolled, ) 

and Forged - j 
„ „ Bessemer’s, Rol- ) 

led and Forged j 
t, „ Bessemer’s, Cast) 

Ingots . • 3 

„ „ Bessemer’s, Ham- ) 

mered or Rolled 3 
„ „ Spring, Ham- ) 

mered or Rolled j 
Homogeneous Metal:— 

Bars, RoHcd .... 

II 1* - . • • 

Forged - - • 

ruddled Steel : — 

Bars, Rolled and Forged • • 

If 11 *1 • 

Plates Cast Steel 

„ „ crosswise 

„ „ hard ... 

,, ,, Soft - . . • 

Homogeneous Metal, First 
Quality .... 

,1 „ crosswise . 

„ Second Quality . 

„ 1 . crosswise 

Puddled Steel .... 

„ ,, croiswise - - 

Iron, Cast*’ .... 

It 11 .... 

*, horizontal . G 

„ „ vertical . G 

„ Carron, No. 2, cold Blast 
„ Bessemer, . - M 

I. .1 Ingot) p 

(see also in text) > i 

Gun Mctul, hard » 

., ,, Mushets • R 

Copper, Wrought ... 

„ Cast • 

„ Sheet • • R 

„ Bolts • • R 

„ Wire . • R 

Brass, Yellow Cost ... 

„ Wire - . - T 

Zinc - • - . R 

Tin, Cast .... 

.1 1. - - • R 

Bismuth, Cast . 

Lead, Cast • . . . 

„ Sheet, . . • R 

Iron Wire, Eitglisb, l-lOtblsL ) 
diameter - • . } 

ft i» II Telford • 

„ Ruuian,l.20th In. I 

diameter • - - J * 

lbs. 

104,298 

118,468 

111,460 

63,024 

152,912 

72,529 

on/, 47 

93.600 
89,724 

C 6 >,768 
i 71,484 

90.600 
94,752 

r 76,594 

1 96,280 
r 69,082 

1 97,150 
m,9D0 

85.400 

96,280 
97,150 
72,408 
73,580 
f 71,532 

1 102,593 

C 67,686 

1 85,365 

93.600 
17,628 
19,488 
19,006 
18,650 
19,488 
16,683 

41.600 
41,242 

36,363 

103.400 
33,8!t2 
19,696 

30.000 
Sfi.lOO 

60.000 
17.958 
49,000 

7 to 8,000 
4,736 
4,600 
8,250 
1,824 
8,800 

• m 

• • 

Tods. | 

t 

7.87 

Tate 

16*23 

15-08 

2*11 

1*45 

0 81 

36- 0 

88* 4 

60- 0 


Tables I. and II. are derived chiefly from the summary in Rankine*s Civil Engineering. 
p. 511, obtwned from the experiments of Clay, Fairbairn, Hodgkinson, Mallet, Morin, 
Napier, Napier and Sons, Rennie, Telford, and Wilmot Most the remainder are from 
Iteunie and other authorities. 

1630i. English boiler-plates are stated to be of two classes: Yorkshire^ and tha manu* 
lacture of other districts, classed as Stafforddiire. 





CUAt, h, 


BEAMS AND PILLARS. 


439 


Tabli II.) or THi Absoloti CoHiftivB PowBE (or Briakiiio Wiioht) or THE Timbers 
ustTALLT SMFLoviD. SeotioiiRl area, 1 inch square, 1 foot in length. {See 1628i.) 


TIMDER. 

1817, and othen. 


TIMBER. 

Rcnni«, 1817, and othan. 


Cobattra I Ctdiealva 
Power, I Power. 


Turtosa, or African Teak 
Teak, or Indian Oak 


Poona or Peon 
Cowrie - - - 

ShuI - - - - 

Fir or Pine, American 
„ New England 


Spruce 

American, white 


Weynioulh or Yellow 
Pitch . - - 

Mar Forest 
Scotch - - - 

Menriel - . , 


Deal, Christiania 
„ middle - 
Oak - - - 


„ English . 

„ American Red 
Cedar . - . 


Chesnut, Spanish 


Mahogany, Honduras 
„ Spanish - 


Hempen Rope, 1 sq. in 
tioii, I foot=*578 lbs. 

1 in.circumf.= 046 lbs. 
Ditto, Cables - 


1630t Tlie tensile strengtii of cast iron was long very much overrated when Tredgold 
estimated it at 20 tons. Captain Brown, however, put it at 7*26 tons; G. Rennie {Phil. 
Trans. 1818) obtained 8*52 and 8*66 tons; Barlow conjectured at least 10 tons from 
tiieoretical principles ; Hodgkinson made tlie following experiments more recently ; 


Name and Quality of Iron. 


Hot Blast Iron. 


Cold Blast Iron. 



1630u The mean of several experiments on the ultimate cohesive strength of a wrought 
iron hart 1 inch square section, was; — 

No. 11 experiments by Captain Brown, gave - - 56,000 lbs. =25*00 tons. 

No. 9 >, by Telford, „ - - - 65,520 „ =29 25 „ 

No. 10 „ by Brunei, „ - - - 68,992 „ =30*80 „ 

No. 4 „ by Barlow, „ - - - 56,560 „ =25*25 h 

Mean 61*768 lbs. « 27*575 tons. 

No. 3 experiments by Brunei, on hammered iron, gave 30*4, 32*3, and 30*8 tons 
respectively. 

Several experiments by Cubitt, gave • « « 58,952 lbs. =26 tons 6*3 owt 

Breaking 

Highest Lowest Mean Weight, 

tbs. lbs* lbs. Tons, 

188 bars, rolled, experimented upon by Kirkaldy, 68,848 44,584 57,555 =25} 


188 bars, rolled, experimented upon by Kirkaldy, 68,848 44,584 
72 angle irons „ „ „ 63,715 37,909 

167 plates, leng^ways „ „ J, 62,544 87,474 

160 plates, eroMmys „ h 60,756 32,450 


54,729 — 24j 

! - 21 » 
<6,171 / 


Re state, that 95 tone tor bare and SO tone for platea, are the amounts genenll, amumed. 
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1630v. The detailed expciiments bv Messrs* Clarke and Falrboim, on the streeg^ ol 
titm plat€$, are given In the work by the latter* and in the EnginB^a* PoekH Book ibr 1 861 
and 1865. Clarke assumes the ultimate tensile strength of wrought iron plates at 20 ton* 
per square inch, and of bars at 24 tons, and that within this former limit, its extension may 
be taken at 199 ^ of the length, per ton, per inch square of section. 

The ultimate strength of plates drawn in direction of 1 experiment 1, 19*66 tons 

the fibre - -••-•-J „ 2, 20* 2 „ 

,, ,, „ M broken across the > „ 1, 16*93 „ 

fibre -------- > „ 2, 16* 7 „ 

Tlie ultimate axtenaion was twice as great when the plate was broken in the direction of the 
fibre. The best scrap rivet iron, made by Messrs. Mare at their London works, broke on 
an average with 24 tons per square inch ; the mean ultimate extension, which was unifomv 
was j of the length. (See 1 63 Ir.) 


Compression, &c. 

1630tc. Compreaaion is the second of the forces under which Transverse strain is com 
prised. The following facts appear to be well established as to materials under a crushing 
force. I. The strength is as the transverse area or section. II. The plane of rupture in 
A crushed body is inclined at a constant angle to tlie base of the body. 111. The measure 
of compression ‘Strength is constant only within certain proportions of the hciglit and 
diameter in any specimen, llodgkinson found tlmt twelve cylinders of teak wood fur- 
nished the following results : — 

I inch duim. inch dtara. 2 inch diam. 

Crushing weight - - - • 2439 lbs. 10,171 lbs. 40,304 lbs. 

Proportion of weights - - - 1 „ 4*17 „ 16*5 „ 

The areas being as the squares of the diameters an exact proportion would have been 1,4, 
and 16 ; but some materials may possibly be found to have an increased apparent strength 


Table I., of Exferibients on Timber Pillars, made by the Committee of the 
Institute of British Architects, 1663-64, 


Wood. 

Crushed 

at 

Per 

square 

inch. 

liemaiks. 

4 inch cube. 

tons. 

tons. 


Moulmein Teak - - - 

50* 8 

3*17 

Crushed endways ; fibres torn 

Archangel Deal - - - 

28* 8 

1*11 

apart. 

Shafts, 12 ins. long, 3 ins. diam. 
Moulmein Teak - - - 

18*25 

2 68 

J Lost J of its length. Point of 
f yielding of its length. 

„ same piece with 6 ins. sawn off 

18* 7 

2*64 

Moulmein Teak - - - 

16* 0 

2*26 

Ditto. 

„ same piece, ditto 

17*75 

2*50 


Deal, Archangel - - - 

19* 1 

2*70 

J Lost ^ of its length. Point of 

„ same piece, ditto 

19* 3 

2*73 

) yielding of its length in both. 

„ Archangel • 

16* 3 

2*30 

„ same piece, ditto 

19* 4 

2*74 



Table II., of Compression or Timber. 


Wood. 

Crushing 

Strength. 

Wood. 

Crushing 

Strength. 

Wood. 


Christiania - I 
white Deal - ( 
English Oak 
Quebec Oak 
American red > 
Oak - . \ 

American Fir / 
and Fine « \ 

lbs. 

6,000 

9,509 

5,982 

6,000 

5,430 

American ) 

white Spruce 3 
Walnut - 
Red Deal ^ 

Yellow Pine 

Elm 

Larch 

Spanish Alahogany 

lbs. 

6,844 

6,645 

6,167 

6,375 

10,331 

5,568 

S,198 

Cedar 

Blue Gum 

West India Ebony 
Morra 

Indian Teak op 1 
MoufmeinTeak J 

lbs. 

5,768 

12,100 


UpMUt givea the power of Oak as 6,853 lbs., and of Fir as 8,089 lbs. (See par, 1601.> 
Rennie (inch cube, crushed) En|^ oak, 3,860 lbs, j a piece 4 mcl%h^ 5,147 Ibt. 
Rim, Jy984 Ibf. { Wifte Deal, 1,928 lbs . ; American l,6iai Ibfc 
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Tablx III. or CoMpmissioK or Txmbxii. (Ho^gkinsdn imd olhefi). 


Wood. 


Damp, 

9 Ins. nigh 
and 

inch diam. 

Inch ^Iffh 
generally* 

Wood. 

Damp. 
il ins. high 
and 

iaah dlam. 

Diy. 

loch nigh 
generally. 

1 

1 Alder 


lbs. 

6,831 

Ibi 

6,960 

Oak, Dantzlc - 

lbs. 

lbs. 

7,731 

Beech 

• 

7.733 

9,363 

„ English - 

6,484 ' 

10,058 

American Birch 

• 

11,663 

„ Quebec - 

4,231 

5,982 

English Birch 
Cedar 


3,297 

6402 

Pine, Pitch 

6,790 

6,790 


5,674 

5,863 

„ YeUow,full ) 

5475 

5,145 

Red Deal 

. 

5,748 

6,586 

of turpentine { 

White Deal 


6,781 

7,293 

„ Red 

5,395 

7,518 

Elm 


. 

10,331 

Teak 

• 

12,102 

Spruce Fir 


6,499 

6,819 

Larch 

3,201 

5,568 

Mahogany 


8,198 

8,198 

Walnut - 

6,063 

7,227 


1630ar. It is now a well ascerta^uied circumstance that the crushing strength of a body 
varies according to its relative height and breadth. Hodgkinson remarks, ** When bodies 
are crushed they give way by a wedge sliding off in an angle dependent on the nature of 
the material ; and in cast iron the height of this wedge is about 1^ of the diameter or thick« 
pess of the base of the wedge.” Gregory puts the angle of tins wedge at 34°. If tlie body 
to be crushed is shorter than would be sufficient to admit a wedge of the full length to 
slide off, then it would require more than its natural degree of force to crush it ; because 
the wedge itself must eitiier be crushed, or slide off in a direction of greater difficulty. 
If, on the other hand, the height of the body to be crushed be much greater than the 
length of the wedge^ then the body will sustain some degree of flexure, and fracture will 
be facilitated in consequence. Phtl. Trans., 1840, exxx. page 419. Wurr sajs, “It is 
highly probable that none of Hodgkinson*s values would agree with the most careful trial 
on any similar woods.** See 1502a, et seq. 

1630y. The power of resistance to compression of castdron was heretofore very much 
overrated. It has now been well ascertained by experiment that a force of 93,000 lbs. 
upon an inch square will crush it : and that it will l^ar 15,300 lbs. upon an inch square 
without permanent alteration. 


Tablx of the CojiraEssioN or a Cast Iron Bar (as a pillar), 10 feet long 
and 1 inch square. 



Comprrtbion 
per Ton. 

Total 

Compression 

Total Per- 
manent Set. 

■ 

Compression 
per Ton. 

Total 

Compression. 

Total Per- 
manent Set. 

Tons. 

Inch. 

Il cli. 

Inch, 

Tons. 

Inch. 

Inch. 

Inch. 

1 

•020330 

•020338 

•000510 

9 

•022374 

•201373 

•024254 

2 

•021038 

•042077 

•002452 

11 

•022567 

•248237 

•032023 

3 

•021618 

•064855 

•00^340 

13 

•023014 

•299187 

•043318 

5 

•021594 

•107872 

•009188 

15 

•023539 

353092 

•0609 D5 

7 

1 

•021950 

*153654 

•015243 

17 

•024805 

•421695 

•086298 


1630x. Hudgkinson*s experiments in 1851 on the ultimate strength of cast iion, the pieces 
being jdaced in an iron box or frame, gave a mean in 81 trials of 107,750 lbs. per square 
inch, or 48 tons 2 cwt ; and the crushing force to the tensile, as 6*507 to 1. Ilennic*8 
calculations gave only 40 tons per square inch for the lowest estimate. 


Table of the Crushing or Cubes op Iron. 


Materials. 

Crushing Weight. 


Crushing weight. 


Square inch. 



jSquare inch. 

A cube of J inch side 

Soft cast iron , . , 

lbs. 

lbs. 



■Hi 

1,439 

92,138 

Cubes of J inch side 

9,773 

156,368 

ditto, 2 heights • 

2,116 

135, 4S4 

Horizontal casting 

10,114 

161,824 

ditto, 3 or inore « 

1,758 

118,524 

Vertical casting . 

11,110 

177,760 

< Overman) 

Guides of { inch side •— 
Cast copper. . • • 
Cast tin • . . . 
Cast lead • . « • 

L v; ^ ‘ ^ ^ . 

7,318 

966 

483 

(Rennie) 

Directly cast, not cut flom a I 
larger piece « * « • J 
Same iron, but twice melted, 
once in tiie cupola, and 
once in th# reverberatory 
fnmttoe, and east In cube ^ 

219490 

263^675 

(Rennie) 
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Hodgkinion, ** considering the pUInr as haTing two functions, one to support and 
other to resist flexure, it follows that when the mate^ is incompressible (supposing such 
to Oxist), or when the pressure necessary to break the pillar is tftry small on account of the 
greatness of its length compared with its lateral dimensions, then the strength of the whole 
transverse section of the pillar will be employed in resisting flexure ; when the breaking pres- 
sure is one half of what would be required to crush the material, one-half only of the strength 
may be considered as available for resistance to flexure, whilst the other half is employed 
to resist crushing ; and tvhen, through the shortness of the pillar, the breaking pressure is 
so great as to be nearly equal to the crushing force, we may consider that no part of the 
strength of tlie pillar is applied to resist flexure.** Thus he assumed that the real breaking 
weight would be equal to the breaking weight as obtained for the long columns, multiplied 
by the force requisite to crush it without flexure ; and divided by the same two quantities 
added together, minus the pressure which it would support as flexible, without being 

Wc 

weakened by crushing. The formula thus found for calculating the strength was 

4 " 

Here W breaking weight of long pillars, and c crushing force of the iron. (^Warr and 
Gregory.) 

I $3 la. Eulert)^ating on the strength of pillars purely on theoretical grounds, showed 
that the strength varied as the fourth power of the diameter, and inversely as the square of 
tlte length of the pillar. The strength of similar pillars increases as the square of their 
diameter; and as the area is as the square of the diameter, the strength increases as the 
area of the pillar (Warr.) 


16316. The strength of a pillar or a column, or the pouer of resistance to compresaive 
force, is obtained by the law that the resistance to crushing is as the cube of the 
thickness multiplied by the width, and this divided by the square of the length. Therefore 
in colunms of equal length and thickness, the resistance is as their width ; and in equal 
lengths and widths, it is as the cube of the thickness. If the width and thickness be 
equal, or if tlie pillar be square, the resistance is inversely as the square of its length. 

la. The formula for a rectangular piUar of oak, is lbs. Ras .3,960. 


16 . 

Ir. 

11 «. 

116 . 

He. 


„ cast iron, is R = l.'),300. 

„ wrought iron, is Il=- 17,800. 

solid eylindtr of oak, is h=W lbs. R* 2,470. 


cast iron, is lbs. R=i 9,562. 

wrought iron, is lbs. R = ll,125. 

Here /length m feet; 6 breadtii in inches; d diameter in inches; R resistance to com- 
pressive foroe , W breaking weight of the pillar or cylinder. (Tredgold, Cast Iron ) 

1631c. The relativ e strengths of long columns of different materials, but of the same 
dimensions, are as follows • — ^ 

Cwtiron. CaiUteel. Wrought Iron. Dantrlcoak. ReU deal. 

1,000 2,518 1,745 108*8 78*5 (Gregory) 

lOO Ifto Enghahoak. Bad Pine. Teak. ^Larch. Kl«. 

18 '5 19 IS 10 (Hurrt.) 

1631<i. Hodgkinson, Gut Inm, IMS, state, that there are general propertie. common to 
wrought iron, steel a.^w^ It appeared from experiment. th.t^oS| ^rd^ pX™ 

“5^ ?*■ ‘’'® “‘r 1 ?® ’ *««»• Pillars* were, therefore, 

tried, a middle dmmeter of from to 2 inches the ends being 1 inch. The streneth 

wasnot increared accordmg to the increase of the middle diameter, but appeared to be 

from to or from one-seventh to one-rightb ; they did not, however, fnreture in 

the mi^le, as did those of uniform diameter. He found tliat 

The strength, as dependent on the diameter, was on the mean . 8*736 
w ♦» »» length, „ „ • J *7 

I. The formula given by him for wild cylindrical paiars(when I exteei. 90d) with 

flat ends and fixed, is = W tons or (33,.<J79 lbs. 1 4-901 tons). The 

formula ^for^ m^^ with rounded ends (or when I is less than 30dand axeeading 

“ •77Trr—-Wtonsor(98, 928 lbs-44-16 tons). Here d extpmal diamrtar 
inehes; I length foet ; ^ of W to be taken for safe weight 
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IJ. For thart pillan, below 90 times th«r diemeter in height with flat ends, or 15 time# 
their diameter in pillars with rounded ends, the above fonnulm do not apply. 

III. For mdid columm, when the length is less than SOd, the formula is « W*. Here 

W* crusliing weight of short column in tons ; a sectional area of solid part of 
columns in inches. In hollow columns the thickness of metal should not be less 

than \V* tons. Here W as found above for long columns; C 

crushing force of material x sectional area of column; and W‘ crushing weight 
of short columns. 


163 le. The formula for a rectangular pillar of oak, fixed at 
both ends - - - - - 

i, M cylindrical pillar of cast iron, fixed 

at both ends - • - - 

„ „ rectangular strut of wrought iron, 

fixed at both ends ... 


A pillar rounded or joined at both ends ^ » 

the case may be. (Rankine, from Gordon, and Hodgkinson.) 






1631y. In order to give lateral stiffness to a flat-ended pillar, its ends should be spread 
so as to form a capital and base, whose abutting surfaces should be ** faced *’ in the lathe, 
or planed, to make them exactly plane and perpendicular to the axis of the pillar. For 
the same reason, when a cast iron pillar consists of two or more lengths, the ends of those 
lengths should be made truly plane and peipendicular to the axis of the pillar by the same 
process, so that they may abut firmly and equally against each other ; and they should be 
fastened together by at least four bolts passing through projecting flanges. (Rankine.) 


1631/1. Hollow Cofwwns.— ‘With an equal quantity of metal, a round column cast 
hollow is far stronger than one cast solid. The best form for coat iron columns is to make 
the inner diameter five-eighths of the size of the exterior diameter. The ring thus formed 
of the section of the column increases in strength according to the thinness, hut the size of 
it must be kept within practical limits. If, in casting a hollow column, the core is driven 
to one side, the column of course cannot be loaded to its full resistance ; it will not carry 
more than the thinnest part of it is strong enough to bear. Hollow columns, therefore, 
require particular care in casting them. Hodgkinson noticed in hollow pillars above 30 
times as long as their diameter, that although the pillars were generally thicker on one 
side than the other, yet in bending, the compressed was always the thinner side ; and as 
cast iron resists compression with above six times the force with which it sustains tension, 
no danger resulted from this almost unavoidable difference of thickness. 

1. The formula given by him for a hollow cylinder not less than 15 times its diameter 

in height, with rounded ends, is ^7 — saW tons. 

11. For the same when not less than 30 times its height, with flat ends and fixed by discs, 

. 44*3 ton* 85 

,g 1 5- W tons. 

HI. When the length is equal to 20 diameters, the value of W is *=7 7,81 7 lbs. or 34*7 
tons. 

Gregory has adopted an average of in both of these formulae. 

I V. For short pillars^ below those lengths, the formulae do not apply, as the strength of 
the column becomes modified in consequence of its being then partially crushed as 
well as bent. 


Sttoscheons and Struts^ 

163 It. Gordon's formula fiir the ultimate strength of wrought iron struts of a solid 
rectangular section fixed at the ends* as deduct fixun Hodgkinson^ experiments, U 
y,,oso 

. (b least thickness). For other forms of cross section, approximate 

rules have been given. But it may be, in many cases, more satisfactory to take into 
account the least radius of gyration ” of the cross section; and for that purpose the 

30,0CO - 

fimnula may be put in the following shape ; Here r* is the mean of the 
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cqtmres of the diBtances of the particles of the cross section from a neutral axis traversing 
its centre of gravity in tiiat direction which makes r* least For hinged ends, take j-, ox 
9,000 is to be substituted for 36,000. The value of for a solid rectangle, least dirneni 

8ion»&, then For a thin square cell, 8ide«i6, then For a thin rectangular celh 

breadth « h, depth « A, the cylinder, diameter = fc, then For a thin 

b* 

cylindrical cell, diameter *6, then For an angle iron of equal ribs, breadth of each « 6, 
then For an angle iron of unequal ribs, greater lesser = A, then For a 

cross of equal arms For H iron, breadth of flanges — 6, their joint area — B, area of 
web — A, then (Rankine, who follows out the subject further.) 

1631 A. Siancfigofis of cast iron are recommended to be used in lieu of cast iron colutnus. 



Hg G\5» 


The form shown in Jig. 613;r. is generally considered as the best for use; 
the flanges which divide the length into three equal parts, are found to 
odd considerably to tlie strength of the casting in resisting the tendency 
of its load to produce deflection from the vertical position. Hodgkin* 
son's experiments show that while cast iron is the better material for a pillar 
whose length does not exceed 26 times the diameter, wrought iron is the 
better material when the length exceeds that limit. For pillars with hinged 
ends, about 13 times is the limit, but these results are roughly approximate 
only. In order to stiffen wrought iron struts, they are made of various forms 
in cross section, such as angle iron, X *>*or>* double X iron, channel iron, &c. 
The cross is a very convenient form as in cast iron ; it is generally built by 
riveting bars of simple forms together. 'I'hus it may be made up of X irons 
riveted back to back, or four angle irons riveted back to back ; or by one flat 


bar, two narrower flat bars, 
and four angle irons, ail 
riveted together, as fg. 
Glfiy., and as used for the 
strut diagonals of the War- 
ren girders in tiie Crumlin 
viaduct. The stiffest form 
for a wrought iron strut is 
that of a cell or built tube, 




Fig. 614a. Fig. 614ft. 


fig. C14a., which may be cylindrical, rectangular, or triangular, as Jig. 6116. When a 
wrought iron strut is considered as hinged at the end, that is generally effected by its 
abutting at each end against a cylindrical pin, by which it is connected with some other 
piece of the fmme-work, in the manner already described for tie-bars. To fix its ends in 
direction, as it seldom has large abutting faces, it is in general necessary to fasten it to 
the adjoining pieces of the structure by several bolts or rivets. 

16,31/. Cast iron, from its great resistance to crushing, is peculiarly well suited for struts, 
especially those of moderate length. The best form containing a given quantity of metal is 
that of a hollow cylinder (^g. 614c.); tlie thickness of metal is seldjin less than of the 
diameter. I, The formula for the cylinder has already been given ; II. for a cast iron strut 

80,000 

df a cross shape {Jig. 614</.) the whole width being d, then "" 14. «= W lbs. per square inch 


80 000 

of sectional area. III. For a hollow square {Jig. 6 1 4/. diagonal, = W as before 

80 r 800 d-! ' 

IV. For a hollow cylinder (/y. 614c.), </=diameter~rf =xW, as before. These 


formulae refer to struts fixed at both ends. V. When they are hinged at the ends, the 
second term of each division is to be made four times as great. 

16Slm. With the ends fixed; 1. the formulae for a hollow tube {Jig, 614c,)a = 8CX)0, then 
16 a (or lectio n al area l nche> ) 

1 + *= W tons, 

0 D\ or (diam. inchea) 



Fig. 614c. Fig. 614<f. Fig. 614«. Fig. G\4/, 

II. ‘Thi formulae for a cross with equal arms {Jig. 614d) a = l000. 

HI. The formulae for an angle with equal sides {Jig, 6i4«) anlOCX). 

IV. Wlien hinged at the ends, take f. 


1631«. Detrumont or tkoaring, denominates that kind of firacture, which would occur in 
the use of shears if their edges were blunt ; or when the puneh of a punching machine 
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makes a hole in a plate. Fairbairn has deduced the following laws from his experiments : 
I. That the ultimate resistance to shearing in any bolt or rivet, is proportional to the sec- 
tional an>a of the bar torn asunder. II. That the ultimate resistance of any bar to a 
shearing strain is nearly the same as the ultimate resistance of the same bar to a direct 
longitudinal tensile strain. 

Table of the Resistahce or Materials to Shbariko aeo Dxstortiok. 


Materials. 

ReiUtance to Shearing, 
per square inch. 

Transverse Elasticity, or 
Resistance to Distortion, 
per square inch. 

Brass wire, drawn 

lbs. avoirdupois. 

lbs. avoirdupois. 

• 


5,330,000 

Copper . • « 

- 


6 ,200,000 

Cast iron - - - 

27,700 to 32,500 

2,850,000 

Wrought iron 

Pine, red - - - 

50,000 


8,500,000 to 9,500,000 

500 to 800 

62,000 to 116,000 

Fir, Spruce - - 

600 


— 

Larch - - - - 

970 to 1,700 

— 

Oak, English 

2,300 


82.000 

Poplar 

1,800 


— 

Ash and Elm 

1,400 


76,000 

Deal - - - - 

592 ' 



Cast iron - - - 

Wrought iron 

73,000 7 
45,000 to 53,000 

. Warr. 

Rankine. 


163 lo. To find the length between the end of a beam and the foot of a strut or of a 
rafter, necessary to resist the thrust of the latter, so as to prevent the detrusion of the 

beam, the formula to be used is ^ = the length in inches. Here b the breadth of the beam 
in inches ; h horizontal thrust in pounds; and S, the cohesive strength in pounds of a 
square inch of the material. Tredgold states that 4 is a sufficient value for a factor of 
safety in this case ; S=*600 lbs, per square inch for fir, and 2,300 lbs. for oak. The strap 
or bolt usually employed to bind the rafter and beam together, should be at as acute an 
angle as possible, and holds the rafter in its place sliould the end of the beam give way. 

1631/). Iron fastenings to joints. In forming eyes by welding, at the end of iron bars 
for chain links and other purposes, the bar is found to be weaker than in its plain form. 
In iron plate work, tlie joints are made by riveting on which the whole efficacy of the 
built-up plate work depends. Taking the strength* jjpf the plain plate as 100 , a double- 
t -8 

oooo I oooo 
ooooi oooo 
ooooioooo 
oooo 1 O OOP 

Fig. 614^. 

riveted plate will be 70; and a single-riveted, 56. Again, with single plate jointings 
having a top and bottom covering plate over the joint, and with half- inch rivets, as A, 
61 the plates were torn asunder through the rivet-holes, ,>vith 24 41 tons in the 
square inch. With a double plate, having a single covering plate on the side of tiic joint, 
as B, the plates broke asunder by shearing off the rivets close to the plate, with 18*73 tons 
per square inch ; but the rivets having been made larger, a similar strength to the previous 
experiment was realised. A plain plate broke with 22*78 tons mean value. 

163 19 . Fairbairn recommends the flanges or double plates to be used as long as possible, 
and the joints to be carefully united by covering plates, chain-riveted, as C, with three or 
more rows of rivets according to the widths of the plates. Eight rivets are required in 
each of the lines, four on each side of the joints, to give sufficient strength, and the area of 
the rivets collectively should be equal to the area of the jointed plates taken transversel,?^ 
through one line of the rivets, Che area of the parts punched out in that line lieing deducted. 
These proportions give the required security to the joint, and afford nearly the same 
strength to a tensile strain as the solid plate ; that is, if the covering plates be as much 
thicker as will give the same area of section through the rivet- holes as the unperforated 
double plate, {par, 1629c.) 

16Slr. Rivets arc made of the most tough and ductile iron. It is essentially necessary 
that the rivet should tightly fit its hole ; and the longitudinal compression to which rivets 
are subjected during the formation of its bead, whether by hand or machinery, tends to 
produce that result. The diameter of a rivet for plates less than half an inch thick, is 
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tbout double the thickness of the plate. For plates of half an inch thick and upwai4s, 
about oDoe and a half the thickness of the plate. The length of the rivet before clenching 
(which is effected whilst the rivet is red-hot), measuring from the head, equals the sutn 
of the thickness of the plates to bo connected, added to 2^ inches multiplied by the 
diameter of the rivet. A good rivet may be bent double whilst cold without showing any 
signs of fracture ; and the head when hot should stand being hammered down to less than 
^ in. in thickness without cracking at the edge. They should also stand having a punch 
of nearly their o\vn diameter driven right through the shank of the rivet when hot, 
without cracking the iron round the hole. ( C. G. Smith.) 

1631s. Steel rivets, fully larger in diameter than those used in riveting iron plates of 
the same thickness, being found to be greatly too small for riveting steel plates, the pro- 
bability is suggested that the proper proportion for iron rivets is not, as generally assumed, 
a diameter equal to the thickness of the two plates to be joined. The shearing strain of 
steel rivets is found to be about a fourth less than the tensile strain. (Kirkaldy). 

1631^ In the bridge over the Thames for the Charing Cross Railway, the holes were 
drilled and not punched. This is a point upon which engineers differ considerably ; but 
ir ost firms ))unch the holes. At Fairbairn’s works at Manchester, drilling holes was con- 
sidered to be more expensive witiiout adding to the strength. Mr. Parkes thinks that the 
punching ir\jured the iron considerably, and thought Fairbaim*s experiments went to show 
it. (Society of Engineers, Trantactions^ 1865). 

^ 163 1 ti. Pinff, hfys, and wedges are exposed, like rivets, to a shearing stress. Tlie formula 
for finding their proper sectional area is the same. They must be held tightly in their 
aeats ; and in order that a wedge or key may not slip out of its seat, its angle of obliquity 
ought not to exceed tlie angle of repose of iron upon iron, which, to provide for the con- 
tingency of the surfaces being greasy, may be taken at about 4°. (Rankinc). 

46 Sir. If a holt or screw has to withstand a shearing stress, its diameter is to be deter, 
mined like that of a cylindrical pin. If it has to withstand tension, its diameter is to be 
determined by having regard to its tenacity. In either case the effective diameter of the 
bolt is its least diameter; that is, if it has a screw upon it, the diameter of the spindle 
inside the thread. The projection of the thread is usually one-half of the pitch ; and the 
pitch should not in general be greater than one-fifth of the effective diameter, and may be 
considerably less. In order that the resistance of a screw or screw-bolt to rupture, by 
stripping the thread, may be at least equal to its resistance to direct tearing asunder, the 
length of the nut should be at least one half of the effective diameter of the screw; and it 
is often in practice considerably greater ; for example, once and a half that diameter. The 
head of a bolt is usually about twice the diameter of the spindle and of a thickness which 
is usually greater than |tbs of that diameter. (Rankine). 

163ltt;. Washers are flat plates of iron, placed at the sides of timbers to secure them 
against tlie crushing action of the head and nut of a bolt whilst being screwed up. For 
fir, the diameter of the washer is made about Sj times that of the bolt; and for oak, 
about 2^ times. When a bolt is placed oblique to the direction of the beam which it 
traverses, a notch should be cut in the timber perpendicular to the bolt, to receive the 
pressure of tlie washer equally, or notched to receive a bevelled washer of cast iron, onf* 
side of which fits the wood, and the other fits the axis of the bolt. 


Torsion. 

1631af. Torsion, or the resistance of bodies to being twisted, is found ; I. When a body 
is fastened at one end and a force is applied at the other. II. When the force at one end 
is greater than at the other end. III. When the forces at the ends are in opposite directions, 
and are so applied as to twist the body. As this fact chiefly, if not entirely, concerns machinery 
in motion, we refer the student for more specific details to Warr, DynamicSt p. 269, who gives 
a table of ** modulus of torsion *’ of various timbers and metals, derived from experiments 
made by Bevan, in Phil T/ans. 1829, p. 128. Approximate formulee are given by Hurst:— 

1. When the shaft is circular, And^~«sW. II. When the ^ft is square, 

Here d diameter inches ; W weight pounds permanently sustained by the shaft; 

i length of lever ia feet, at the end of which W acts ; s side in inches ; and C, cast steel 590 ; 
wrought iron 335; cast iron 330; gun metal 170; brass 150; copper 135 ; lead 34. 

1631y. In the Artixan for 1857 and 1858 is an instructive Enquiry into the Strength qf 
Beams and Girders^ by S. Hughes, deserving attention. The chief authorities for the data 
soDtamed in that article, and also in this section, are quoted herein. 
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WoBKiNG Strength op Materials. 
Safe loads in lbs. per square inch 






Tension. 

Pressure, 

ShoariBg. 

Wrought-iron bars 




10,400 

10,400 

10,000 

7,800 

„ plates - 

- 

- 

- 

10,000 


Brawn iron wire 

- 

- 

- 

13,200 

— 

- 

Cast iron - • - 

- 

- 

- 

3,600 

10,000 

17,700 


Soft steel, unhardened 

- 

- 

- 

17,700 

13,200 

1 „ hardened and tempered 

- 

35,400 

35,400 

26,600 

Steel wire - - - 

• 

- 

- 

27,300 

— 

— 

Timber, Ash a - 

. 

- 

- 

1,700 

940 

— 

b - 


- 


— 

510 

— 

„ Oak a - 

- 

. 

- 

1,660 

940 

100 

b . 


- 

- 

— 

610 

— 

„ Beech a - 

- 

- 

- 

1.700 

940 

85 

b - 

. 

- 

- 

— 

610 

— 

„ Pine a - 

- 

- 

- 

1,000 

620 

55 

b - 


. 

- ^ 

' — 

310 

— 

Good brickwork - 


- 

- 

— 

140 

— 

Ordinary „ - - 

- 

- 

- 

— 

85 

— 

Stone 

- 

- 


— 

200 

— 


a, Stress parallel to the fibres ; h ditto perpendicular to the fibres. 


The above values of the safe load may be taken for structures subject to travelling loads. 
When subject to dead loads, these values may, in the case of iron and steel, be 
multiplied by 5 . G. S. Clarke, Graphic Strains^ 4to, 188t), p. 138. 

1632a. Table of Strength op various Timbers. 

The primitive horizontal or transverse strength of oak is taken at 1000; its supporting 
or primitive vertical strength at 807 ; and its cohesive cr absolute strength at 1821; 
being deduced from pieces 19*188 lines English square. The relative strengths of 
other woods are given : — > 


Species of Wood. 

Prlmitiye 

horizontal 

Strength. 

Primitive 

vortical 

Strength. 

Absolute 

cohesive 

Strength. 

Species of 
Wood, 

Primitive 

horizontal 

Strength. 

Primitive 

vortical 

Strength. 

Absolute 

cohesive 

Strength. 

Acacia (yellow) 

780 

1228 

1660 

Fir 

918 

851 

1250 

Ash 

1072 

1112 

1800 

Oak 

1000 

807 

1821 

Beech - 

1032 

086 

2480 

Pine-tree - 

882 

804 

1141 

Birch - 

853 

861 

1980 

Poplar - 

586 

680 

940 

Cedar - 

627 

720 

1740 

Service-tree 

965 

981 

1642 

Cherry-tree - 

961 

986 

1912 

Sycamore - 

900 

968 

1664 

Chestnut 

957 

950 

1944 

Yew-tree- 

1037 

1375 

2287 

Elm 

1077 

1076 

1980 

Walnut - 

900 

753 

1120 


STEEL. 

1j 633. Steel is now largely superseding wrought iron in all uses to which the latter 
material was usually applied. Nearly every section of L» T» C* s-® rolled 

joists I, are now made in steel to specification. Eailway metals or rails have been made 
of steel for some years. Plates, sneets, and bars for every purpose of bridge girder, 
roof, and boiler making, are now commonly in use, as also for cyliudrioal and octangular 
columns which have to carry great weights; also for ship armour and gun mounts. 
Steel is most useful when bulk and weight is a consideration ; the constzuctional cost, 
as a rule, can be brought down almost to that of iron ; the price per ton is more, but less^ 
weight is required. The kind mostly used is called mild steely containing about 018 per 
cent, of cai^'bon, bearing a tensile stress 30 to 35 tons per S(^uare inch with the fibre, and 
28 to 80 across the fibre. Much higher results can be obtained for special purposes, but 
the manufacture for ordinary structural purposes cannot be fully relied upon beyond 
10 tons tensile. The Committee of the Bntish Association advised a maximum of 
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9 tons per square inch as working tensile stress, but Mr. Stoney considers 8 tons per inch 
ample. Many engineers are content with 7i tons. 

1633a. But Mr. Arch. D. Dawnay has found, from a large series of experiments upon 
the actual beams, &c , that ordinary mild steel scarcely exceeds 7 tons per square inch, 
while many inferior makes have not exceeded 6 tons. For important works, the architect 
or engineer may specify certain results as being required, and they can always get it, 
though, of course, at a special price. In many ways cast mild steel is superseding 
cast Iron, especially in machinery, spur and other wheels, shaft, gearing, &c. A saving 
of 40 per cent, is shown over the use of cast iron. Some makers anneal their castings, 
thus raising the modulus of rupture from 7 to 12 tons, and at the same time increasing 
the ductility. Steel castings are more liable to defects than ca^t iron. {See 1769.) 

1634. In the paper read April, 1880, by A. B. W. Kennedy, M.I.C.E., at the Boyal 
Institute of British Architects, On Mild Steel and its Application to Building Bur- 
poses^ he mentions that out of the great number of qualities of mild steel which are 
made, there are two classes of special importance for constructive purposes. 1. The very 
mild steel accepted by three companies for shipbuilding purposes : the Admiralty limits 
for tenacity are 26 and 30 tons per square inch; Lloyd’s limits are a ton higher; and the 
Liverpool Underwriters’ a ton higher still, or 28 to 32 tons per square inch. The first 
two also require the ultimate extension of the piece before fracture to be not less than 
^0 per cent, in an 8-inch length. Such steel requires practically no annealing, and is not 
more injured by punching than wrought iron, and in many cases less. 2. The steel 
which has a tenacity of about 10 tons per square inch more than the former, or about 
40 tons per square inch. It is much harder and considerably less ductile, and much less 
suitable for places where much work has to be done on it. But it can be obtained just 
as uniform in quality as the milder material, and its superior tenacity gives it greater 
advantages where it can be used substantially in the form in which it leaves the rolling- 
mill. It will extend 10 to 12 per cent, in 10 inches before fracture. 

1634a. The tests commonly enforced are of three kinds. 1. The tenacity of the steel 
must lie between certain definite limits. 2. The samples tested must have a minimum 
percentage of extension, in a specified length, before fracture. 3. For “temper” test, 
sample strips heated to a low cherry-red, and cooled in water at 82® Fahrenheit, must 
stand doubling round a curve whose radius is not more than one and a half times the 
thickness of the strip. All the tests are made upon sample strips of from 0’6 to I’O 
square inches in sectional area, cut from the plate, bar, or angle iron, the strips being 
generally of the same thickness throughout, parallel for a length of 8 or 10 inches in the 
centre, and being wide at the ends where held in the machine. 

1635. Table op Safe Distributed Loads on Kollbd Iron Joists I, and on Steel 
Joists I, at about a Quarter Beeakino Weight. 
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This table afifurds an approximate view of the relative strengtii of joiata of the 
nateriala.— 1887« 1 
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CHAP. ir. 

MATERIALS USED IN BUILDING. 


Sect. I. 

I 

STONE. 

1636*. it 18 almost superfluous to say that the choice of stone for a building intended to 
be durable is of the very highest importance. ** In modern Europe/* it has been observed, 

** and particularly in Great Britain, there is scarcely a public building, of recent date, which 
will be in existence a thousand years hence. Many of tlie most splendid works of modern 
architecture are hastening to decay in what may be justly called the infancy of their exist* 
ence, if compared with the dates of public buildings that remain in Italy, in Greece, in 
Egypt, and the East** 

1 637. The various sorts of stone take their names either from the places where they are 

quarried or from the substances which principally enter into their composition. The term i 
^ Freestopj^** which is used in a very arbitrary way, is, as its name implies, that sort I 

can be wro ught w ith_the mallet and chisel, or cut witk-A he sae^ an operation which cannot 
he performediupon graliilt? wlii^liariSiieM requires it to be dressed with pointed tools of 
diflTerent weights and size& It includes the two great general divisions of Limestone and 
San drtone. The limestone of Portland is that which has for many years past been ebiefly 

in the metropolis. Latterly, other sorts have found their way in from tjie provinces ; 
and though, from many circumstances, we do not think it likely tliat Portland stone, from 
its flicility of transport and other causes, will be altogether superseded, there is no doubt 
that its use is on the wane from the introduction of provincial sorts. 

1 638. We shall proceed, after some preliminary observations, to give, from the Report 
addressed m 1839 to the Commissioners of Woods and Forests on the occasion of select* 
mg the stone for building the new Houses of Parliament, a \\ew of the principal sorts of 
stone found and used in the island. A new edition was printed in 1845. 

1639. The qualities requisite for a b uilding stone are hardness , tenacity, and coma ( 
pacing It is not the iiardest stone winch has always the greatest tenaaty or toughness, 
foTITfli^tone, though much softer, is not so easily broken as glass. 

16<K). The d^au and dattrucHo n of stone are accelerated by nearly the same causes as 
those which (kstroy rocks themselves on t^ surface of the globe. Such causes are of two 
kinds : thte^V decomposition yd thosqj^ysinte gr a^ip n. The forme r affects^ chemical^ 
^agge in stone iMeB, the latter a meeiti^cal aivlsion and “separation ofTlielJart^ 
The effects^o? the cbemioaf and mechanical causes or the decomposition of stoned 
buildings are much modified, according to their situation, as in the town or country. 

In pQi mloiis ^ aipftfcy towns tfap of -tha atmosph ere accelerates decomposition more 
thiHk ip those itljMted in tl^ opto country , (par, 1667.) 

1641. "^«‘ As regafds tlie sanSitones that are usually employed for building piirpos^ and 

which ore gener^ly composed of either quarts or siliceous grains, cemented by siliceous, 
argillaceous, oalrareous or other matter, their decomposition is effected according to the 
nature of the cementing substance, the grains being comparatively indestructible. With 
respect to limestones composed of carbonate of lime, or the carbonates of lime and uuq^* 
nesia, ^ther nearly pure or mixed with variable proportions of foreign matter, tbeir 
decomposition depend^ under similar circumstances, upon the mode in which their com* 
potnent parts are aggregated, tlj^pae which arn most crystalline ^ 

dur^le, while tbcM which partake least of that character suffer most from expoaure to 
a^^heric influences 

1642. «Tho varieties of Umestones termed Oolites (or Roestones) 1>ebg composed of 

oviform bodies cemented by calcareous mattto of a vamd character, wOl of necessity 
suflfer unequal decomposition, unless such oviform bodies and the cement be equally 
coherent and of the same ehemioal eomposition* The limestones which are usually termed 
* sAeto.* from fogmoH eith y b roken or, ner fitf t f ea s i l -sh e l ii Jiicn^ ted by 

c^Uoareoiis in an unequal mannsr, in eonsequenee eTlhb shells 

which, being for the most part crystalline, oflbip the greatest amount of r esi sta nc e to the 
dheoinpo^y elfoets of the atmoiq>bere. 

164$!, ** Sandstones, from the mode of their formations, are very frequently l a inin a te d. 
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more eqpeeially when miceeeous, the plalen of mica being generally deposited in pSenee 
paralld to their beds. Hence, if such stone be placed in buildin|pi with tlm planet of 
lamination in a vertical position, it will decompose in Hakes, aoocnrdmg to the thiekneis of 
the laminm ; whereas, if H be placed so that the places of la^^on be horizontal, th^ is^ 
most commonly upon its natuj^ bed, the amount of decomposition will be comparatively 
immaterial. 

1644. ** Limestones, such at least as are usually employed for building purpose^ are not 
liable to the kind of lamination observable in sandstones ; nevertheless, varieties exist, 
especially those commonly termed sAeliEy, which have a coarse laminated structure, generally 
parallel to the planes of their beds, and therefore the same precaution in placing such stone 
in buildings so that the planes of lamination be horizontal, is as necessary as with the 
sardstones above noticed. 

1645. ** The chemical action of the atmosphere produces a change in the entire matter 
j of the limestones, and in the cementing substance of the sandstones aoccording to the 
[ amount of surface exposed to it The mechanical action due to atmospheric causes occa- 
sions either a removal or a disruption of the exposed particles, the former by means of 
powerful winds and driving rains, and the latter by the congelation of water forced into or 
absorbed by the externid portions of the stone, lliese effects are reciprocal, chemical 
action rendering the stone liable to be more easily affected by mechanical action, which 
latter, by constantly presenting new surfaces, accelerates the disintegrating effects of the 
former. 

1 646. ** Buildings in this climate are generally found to suffer the greatest amount of 
decompoution on their southern, south-western, and western fronts, arising doubtless from 
the prevalence of winds and rains from those quarters ; hence it is desirable that stones of 
great durability should at least be employed in fronts with such aspects. 

1647. “ Buildings situated in the country appear to possess a great advantage over those 
in populous and smoky towns, owing to lichens, with which they almost invariably become 
covered in such situations, and which, when firmly established over their entire surface, 
seem to exercise a protective influence against the ordinary causes of the decomposition of 
the stone upon which they grow. 

1 648. ** As an instance of the difference in degree of durability in the same material 
subjected to the effects of the atmosphere in town and country, we may notice the several 
fhrsta of columns and other blocks of stone that were quarried at the time of the erection 
of St Paul's Cathedral in London, and which are now lying in the island of Portland, near 
the quarries from whence they were obtained. These blocks are invariably found to be 
covered with lichens, and although they have been exposed to all the vicissitudes of a marine 
atmosphere for more than 1 50 years, they still exhibit beneath the lichens, their original 
forms, even to the marks of the chisel employed upon them, whilst the stone which was 
tajeen from the same quarries (selected, no doubt with equal, if not greater, care than the 
blocks alluded to) and placed in the cathedral itself, is, in those parts which are exposed to 
the south and south-west winds, found in some instances to be fast mouldering away. 
Colour is of more importance in the selection of a stone for a building to be situated in a 
populous and smoky town, than for one to be placed in an open country, where all edifloes 
usually become covered, as before stated, with lichens ; for although in such towns those 
fronts which are not exposed to the prevailing winds and rains will soon become blackened*, 
the remainder of the building will constantly exhibit a tint depending upon the natural 
colour of the material employed. 

1 649. « Before we proce^ to adduce a few examples of the present condition of the 
various buildings we have examined, we would wish to observe that those which are highly 
decorated, such as the churches of the Norman and pointed styles of architecture, afford a 
more severe test of the durability of any gpven stone, all other circumstances being equal, 
than the more simple and Jess decorated buildings, such as the castles of the fourteenth and 
fifteenth centuries, inasmuch as the material employed in the former class of buildings it 
worked into more disadvantageous forms than in the latter, as regards exposure to the 
effects of the weather ; and we would ftirther observe, that buildings in a state of ruin, 
from being deprived of their ordinary protection of roofing, glazing of windows, Ac., con- 
stitute an equally severe test of the dui^ility of the stone employed in them. 

16.50. ** As examples of the degree of durability of various building stones in parricular 
localities, the following may be enumerated. Of the sandstone buildings which we ex- 
amined, we may notice the remains of Ecclestone Abbey, of the thirteenth century, near 
Barnard, Castle, constructed of a stone closely resembliiy that of the Stenton querry in the 
vicinity, as exhibiting the mouldings and other deeoratioii% even to the dog%-tooth orna- 
ment, in excellent condition. The circular keep of Banuard, ap^mreatiy also built of the 
same ma t eri a l , is in fine preservatioa Untern Abbey may also be aotliM ns m ssadstoni 


* We must take leave to question this stttementi as, for Inataaos. to St Bm]1*s Cathedral an Sad fi n 
northern front peculiarly black, whilst the south front and soutb-westera anaie are connaraHvelr WhiM 

This we have always ceosidered to have arisea froaa the more ooMtaat aotfon^the eon*! ray* mpCtotliiSn 
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^dliee that to A oonoadefable extent renited deeomposition ; £br although it k decuvct^ 
in aome parts, H is nearly perihct xn others. Some portions of Whitby AbSey are likewise 
in a perj^ state, whilst others are that yielding to the effects of the atnurapfaere. llie 
older portions of XUpon Cathedral, constructed of sandstone, are in a £ur state of preserr- 
ation. Riraulx Abbey b another good example of an ancient sandstone builda^ in a 
ikir condition. The Norman keep of Richmond Castle in Yorkshire affords an instance 
of a moderately hard sandstone which has well resisted decomposition. 

1651. ** As examples of sandstone buildings of more recent date in a good state of piesexr* 
ation, we may mentiim Hardwicke Hall, Haddon Hall, and all the buildings of Craig* 
leith Stone in Edinburgh and its vicinity. Of sandstone edifices in an advanced state of 
decomposition we may enumerate Durham Cathedral, the churches at Newcastle upon 
Tyne, Carlisle Cathedral, Kirkstall Abbey, and Fountains Abbey. The sandstone churches 
of Derby are also extremely decomposed ; and the church of St. Peter at Shi^esbury is in 
such a stiUe of decay that some portions of the building are only prevented from fidling by 
means of iron ties. 

1 659. <* As an example of an edifice constructed of a cakiferous variety of sandstone, we 
may notice Tisbury Church, which is in unequal condition, the mouldings and other enrich- 
ments being in a perfect state, whilst the asUer, apparently selected with less care, is &8t 
mouldering away. 

1 65S. ** The choir of Southwell Church, of the twelfth century, may be mentioned as 
affording an instance of the durability of a magnesio-calctferous sandstone, resembling that 
of Mansfield, after long exposure to the influences of the atmosphere. 

1654. “Of buildings constructed of magnesian Umestone we may mention the Norman 
portions of Southwell Church, built of stone similar to that of Bolsover Moor, and which ore 
throughout in a perfect state, the mouldings and carved enrichments being as sharp as 
when first executed The keep of Koningsburgh Castle, built of a magnesian limestone 
from the vicinity, is also in a perfect state, although the joints of the masonry are open in 
consequence of the decomposition and disappearance of the mortar formerly witliin them. 
The church at Hemmingborough, of the fifteenth century, constructed of a material re- 
sembling the stone from Huddlestone, does not Exhibit any appearance of decay, llckhill 
Church, of the fifteenth century, built of a similar material, is in a fair state of preservation. 
Huddl^one Hall, of the sixteenth century, constructed of the stone of the immediate 
vicinity, is also in good condition. Roche Abbey, of the thirteenth century, in which 
stone from the immediate neighbourhood has been employed, exhibits generally a fair state 
of preservation, although some portions have yielded to the effects of the atmosphere. 

1655. ** As examples of magnesian limestone buildings in a more advanced state of 
decay, we may notice the churches at York, and a large portion of the Minster, Howden 
Church, Doncaster Old Church, and others in that part of the country, many of which are 
■o much decomposed that the mouldings, carvings, and other architectural decorations are 
often entirely eflikoed. 

1656. “ We may here remark, that, as far as our observations extend, in proportion as die 
stone employed in raa^esian limestone buildings is crystalline, so does it appear to have 
resisted the decomposing effects of the atmosphere ; a conclusion in accord^ce with tlie 
opinion of Professor Daniell, who has stated to us that from the results of experiments, 
he is of opinion * the nearer the magnesian limestones approach to equivalent proportions 
of carbonate of lime and carbonate ^ magnesia, the more crystalline and better they are in 
every respect.* 

1 657. ** Of buildings couabructed of oolitic and other limestones, we may notice the church 
of Byland Abbey, of the twdfth century, especially the west front, built of stone from the 
immediate vicinity, as being in an almost per^t state of preservation. Sandysfoot Castle, 
near Weymouth, construct^ of Portland oolite in the time of Henry Vlll., is an example 
of that materia in excellent condition ; a few decomposed stones used in the interior (and 
which are exceptions to this &et) being from another oolite in the immediate vicinity of 
the castle. Bow and Arrow Castle, and the neighbouring ruins of a church of the four- 
teenth c^tury, in the Island of Portland, also afford instances of the Portland oolite in 
perfect condition. The new church in the island, built in 1 766, of the variety of the Poi*t- 
land stone termed roocA, is in an excellent state throughout, even to the preservation of the 
marks of the chisel. 

1658. “Many buildings constructed of a material shnUar to the odUa of Anoaster, 
such as Newark and Grantham Churched and other edifices in various parts of Lincoln- 
shire, have scarcely yielded to the effects of atmospheric infftifneea ^ Windrush Church, 
htiilt of an oolite firom the neighbouring quarry, ia in excell^t condition, whilst the Abbey 
Ohureh of Bs^, constructed of the oolite in the viomiW of that city, has suffered much 
firom deeoihpo^^n ; as is also the case with the cathedral, and the churches of St. Nicholas 
and St Midxael in Gloucester, erected of a stone ftom the oolitic rooks of the neighbour- 

165^ “ Tha obutches of Stamford, Ketton, CoUey Weston, Kettering, and other placet 

0 a 2 
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In tliat part of the oountry» attest the durability of the Slielley oolite, termed Samadt 
with the exception of those portions of some of them for which the stone has been til* 
selected. The excellent condition of those parts which remain of Glastonbury Abbey ^ow 
the value of a shelly limestone similar to that of Doulting, whilst the stone employed in 
Wells Cathedra], apparently of the same kind, and not selected with equal care, is in parts 
decomposed, llie mansion, the church, and the remains of the abbey at Montacute, as 
also many other buildings in that vicinity, constructed of the limestone of Ham Hill, are 
in excellent condition. In Salisbury Cathedral, built of stone from Chilmark, we have 
evidence of the general durability of a siliciferous limestone ; for, although the west front 
has somewhat yielded to the effects of the atmosphere, the excellent condition of the build- 
ing generally is most striking. 

1660. “ In the public buildings of Oxford, we have a marked instance both of decom- 
position and durability in the materials employed ; for whilst a shelly oolite, similar to that 
of Taynton, which is employed in the more ancient parts of the cathedral, in Merton 
College Chapel, Ac., and commonly for the plinths, string-courses, and exposed portions of 
the other edifices in that city, is generally in a good state of preservation, a calcareous stone 
from Heddington, employed in nearly the whole of the colleges, churches, and other public 
buildings, is in such a deplorable state of decay, as in some instances to have caused 
all trades of architectural decoration to disappear, and the ashler itself to be in many places 
deeply disintegrated. 

1661. **In Spofforth Castle we have a striking example of the unequal decomposition 
of two materials, a magnesian limestone * and a sandstone ; the former employed in the 
decorated parts, and the latter for the ashler or plain facing of the walls. Al^ough the 
magnesian limestone has been equally exposed with the sandstone to the decomposing 
effects of the atmosphere, it has remained as perfect in form as when first employed, while 
the sandstone has suffered considerably from the effects of decomposition. 

1 662. ** In Chepstow Castle, a magnesian limestone in fine preservation, and a red sand- 
stone in an advanced state of decomposition, may be observed, both having been exposed to 
the same conditions as parts of the same archways ; and in Bristol Cathedral there is a 
curious instance of the effects arising from the intermixture of very different materials, 
a yellow limestone and a red sandstone, which have been indiscriminately employed both 
for the plain and decorated parts of the building ; not only is the appearance in this case 
unsightly, l^t the architectural effect of the edihce is also much impaired by the unequal 
decomposition of the two materials, the limestone having suffered much less from decay 
than tl^ sandstone. 

1663. “Judging, therefore, from the evidence afforded by buildings of various dates, 
there would appear to be many varieties of sandstone and limestone employed for building 
purposes which successfully resist the destructive effects of atmospheric influences ; 
amongst these the sandstones of Stenton, Whitby, Tintern, Rivaulx, and Oagleith, the 
magnesio-calciferous sandstones of Mansfield, the calciferous sandstone of Tisbury, the 
crystalline magnesian limestones, or Dolomites of Bolsover, Huddlestone and Roche Abbey, 

I ilie ooaies ol’ Isy land, Portland, and AticMter, the Shelly oolites and limestones of Barnack 

' and Ham Hill, and the siliciferous limestone of Chilmark appear to be amongst the most 
durable. To these, wluch may all be considered as desirable bulling materials, we are inclined 
to add the sandstones of Darley Dale, Humbie, Longannet, and Crowbank, the magnesian 
limestones of Robin Hood's Well, and the oolite of Ketton, although some of them ma> 
not have the evidence of ancient buildings in their favour." The Report upon which we 
have drawn so largely, and from which we shall extract still larger drafts, then proceeds to 
close by a preference to limestones on account “ of their more general uniformity of tint, 
their comparativel 3 r homogeneous structure, and the frcilit^ and economy of their con. 
version to building purposes," of which it prefers the crystalline ; on which account, and ipi 
combination with a close approach to the equivalent proportions of carbonate of lime and 
carbonate of magnesia, for uniformity in structure, &cility and economy in conversion, and 
for advantage of colour, the parties to the Report prefer tbe magnesian limestone or 
dolomite of Bolsover Moor and its neighbourhood. The Report deserves every commend- 
ation ; upon the whole it has been well done, and is the first soientifie step the government of 
this country has ever taken in respect of practical architecture. It, moreover, only cost tbe 
moderate sum of :^1,400, including the many collections of specimens deposited in various 
mstitutions for reference. 

1664. The following table presents a synoptical, and, to the architect, important view of 
the relative value, in every respect, of the principal species of stone which the various pro- 
vinces of England afford for building purposes. It is taken from the Report so much 
quoted, the list of stones being considerably abridged. We should direct attention to 
toe fact that facilities of conveyance have greatly modified the cost of each stone in London, 
It will be well also to notice the valuable “ Quarry Returns** of building and other stones, 
the produce of the United Kingdom of Great Britain and Ireland, published in tl^ 
Memoin of Me GeolttgicfU Survey of Great JSriiain, Ac., and edited by Robert |iunt, bepig 
Part 11. fur 1858, but published in 186Q. 
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Hill, near of Barn- aibceous ce- length accord- 8 7f ouildinga in 


ment, slightly 
calcareous, oc- 
casional plates 
of mka. 


and ing to 
breadth* quality, 
fipom 0 
in. to lu 
ft. thick. 


Edinburgh, ton. ment, slightly and Ing to EdInbiKgh ; 

calcareous, oo- breadth, quality. the Goltego 

casional plates firom o (1680), Regis- 

^ ofmka. in. tolo t>7 (1774), 

1 ft. thick. courts of law. 

Custom 
House, Royal 
Exchange, 
Maiional Mo- 
nument, and 
numerous 
churches, and 
now using for 
repairs at 
Black friars 
Bridge. 

Ckawbaki, Dukeof Ho. Fine quartsose Light fer- 129 2 6 ft. thick, Is. for 2 2 A Roman bridge 


Horrow- 

stones, 

Linlithgow- 

shire. 


Bawk, Duf- 
field, Derby- 
shire. 


mil ton. grains, with ruginous 6 ft. blocks 

an argillo-si- biown. broad ; of not 

liceous ce- 10 ft more 

ment, some- long. than 5 

what ferru- cubic 

ginous : dis8o> ft. 

minated mica. 

Mrs Stra- Quartz grains of Light 182 14 IRO ft ; Is. Id. 
than. moderate size, broan thickest the 

and decom- with beds a hite 

posed felspar, dark about stone, 

with an ar- brown 4 ft. ; Dd the 

gillo-siliceous and JW# half the broan 

cement, ferru- purpUiM depth stone 

ginous spots, tints. brown, 

and occasion- half 

ally plates of white, 

mica. 


Ddxb’sQuar- Duke of] Quartz grains, Red, Ya- 144 8 • 

MiBa Unlf T)M«nn- I 0pn«>rnUv I 


Euand Edoi, 
near Hali- 
fax, York- 
shire. 


HIES, Holt Devon- generally rled 

Stanwell shire. coarse, with with 

Bridge, decomposed green, 

Derbyshire. felspar, and an brown, 

argillo-sili- and 

ceous cement ; grey, 

ferruginous 
spots, 

EuamdEdo*, - - Fine quarts Light gr^ 4 

near Halt- grains, with brown, 

fax, York- an argillo-sill- 

thlre. ceous cement, 

micaceous in 
planes of beds. 

Gathbrlby John War- Quartz grains of Cream. 136 13 1 In 8 tons, 8d. for S 


(A. D. 140.). 
old church of 
Kiunell, of the 
twelfth cen- 
tury. 


St Mary's 
Bridge, Re- 
porter Office, 
Mechanies* 
Lecture Hall, 
and Bishop 
Ryder’s 
Church now 
building 
^erby} ; also 
Duffielu 
Bridge and 
chimney 
shafts to 
Grammar 
School, Bir- 
mingham. 

Penitentiary at 
MiUbank, and 
the ailing lu 
parts of Wa 
terloo Bridge, 
London. 


Moor, near ton, Esq. 
Richmond, Gis- 
Yorkshire borough. 


moderate sise, 
and an argillo- 
stliceous ce- 
ment; Iterru- 
ginous s;)ots 
and plat4« of 
mica. 


a bed 12 tks 12 
ft. deep, ft bed. 


1 Aste Hall nead., 

Richn^^^m 

Purte^^^y 

Tees t Skeltom 
Castle, Dor-i 
lington Town] 
Ml, Lock- 
bum Hall,) 
and nomerauiii 
modem build-)' 
logs. ^ 










UKAl^ tl. 


BTOm> 
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QiMmfMMl. P i y tot ard 
wfm9 w w i rt dit UMuny. 


8AKDST0NBS — etm/AiwA 



Gati*ok. Gat-lL6rd Mon- IFlna siliceous GreenUh 103 I 85 to eo ft 1 4 


ton, Surrey, son. 


grains, with a light 
calcareo-ti- brown. 
Hceous ce- 
ment, contain- 
ing green sili- 
cate of iron 
and plates of 
mica. 


Glammis, Earl oflSiUceous grains Purple IGl 2 Any prac- 0 7 
Forfarshire. Strath- of moderate grey. ticablo to 


morels site ; cement 

trustees. slightly cal- 

careous; mica 
abundant in 
planes of beds. 


Ubddon, near Mrs. Be- Coarse quarts Light 
Newcastle, wick, near grains, and de- brot 


Northum- 

berland. 


wick, near 
Newcastle 
upon 
Tjne. 


oarse quarts i^ignc 
grains, and de- brown 
composed fel- ochre, 
spar, with an 
argillo-sili- 
ceous cement, 
ferruginous 


180 11 Beds 4 to 0 6 

12 1>. to 
thick. 0 10 


Hollington, Sir J. Gib- Quarts grains of Light 133 1 30 to 40 ft. 0 7 

Stafford- bons, moderate sise, brown- squalls, to 

shire. Bart., near with an argil- ishgrey. and 8 ft. 1 0 

Staines, lo.siliceous oe- thick. 

Middle- ment ; plates 

sea. of mica. 


Humbib. Earl 
Humbie, Hope- 
Linllthgow- tuun. 
shire. 


nMk^ffiHfuirts Pale grey White 90 cubic I 0 
gfeiiar^ with and 140 8 ft. and to 
siliceous ce- light grey up- 1 10 

meat ; slightly brown. 185 18 wards, 

calcareous ; if re- 

mica chiefly in quired ; 

planes of beds. thickest 

bed 8 ft. 


Longawntt, Thistees of Fine quarti Light fhr- 181 11 4to5tom; 0 8 

near Kin- late Lord grains, with rugln- thickest to 

cardine. In Kehh. lEiceous ce- ous bedsbft. 2 C 

Pertbsufe. meat, contain- brown. 

tng oxide of 
iron I « few 
fflates of mice. 


• - Hampton Court 
and Windsor 
Castle, Ac. ; 
many 

chui^es In 
Surrey ; Town 
Hall and 
Almshouse 
Establishment 
at Croydon : 
and sereral 
modem build- 
ings in the pa- 
rish of Gatton. 
about Glammli Castle 
19#. and Inver- 

per quharity 

ton. Castle, sup- 

posed of the 
tenth century ; 
Cortachy 
Castle ; and 
in modern 
buildings ; 
Lendertis 
House, &C. 

1 t Church at Hed- 

to don, steeple, 

2 0 1764 j Norman 

chancel ; co- 
lumns of por- 
tico to theatre, 
and Grey Mo. 
Dument at 
Newcastle ; 
and nearly all 
the buildings, 
ancient and 
modem, in 
and about 
Newcastle. 

2 6 Trentbam Hall, 
Drayton Ma- 
nor, Heath- 
house, and 
rarlous public 
and prirate 
buildings in 
Staffordshire ; 
Tow n Hall, 
Derby ; Mear 
Hall, Che- 
shire, Ac. 

2 6 Newliston 
to House, Kirk- 

8 2 listen; Dum> 

das Castle; 
additions to 
! the Royal In- 

stitution; front 
of Surgeons* 
Hall, tmre of 
I Ttoa Church, 

{ and various 

other public 
buUdings in 
Edinburgh ; 
also in Glas- 
gow. 

1 8 Stoodt House, 
to Amsterdam ; 

8 6 Exchange, 

Edinburgh ; 
Tulle Mare 
Castle, Perth- 
shire; and part 
of a street in, 
Perth. 
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Hunlocht, In iohnMaihe. Fine ftUc«oui Bod and 180 9 Of large 
Boat«ihire. ton, graini, with an vartega- sisei 

of Ben- argiilo.ftil{. ted. beds fil 

netifield. ceoot cement t to 6 It. 

ndcaceout. thick. 


IfYLKertcLby James 
or Rinooo- Mylue, 
Dia, near Esq. 
Dnodee, in 
Pertluhuro. 


Fine ailiceotis 1^lrpl{8h ifiO 0 Any prac- 
gralns, with a grey. tlcable 

calcareo-argU- site, 

lo-sfhoeous 
cement ; mica- 
ceous in planes 
of bedk 


Park Sprinq, Earl of Car- Fine quartz Light fer- 151 | 10 to 12 ft. 
I near I ceds, dlgan. grains, and de- nigin- long; 

Yorkshire. composed fel- ous thiAest 

spar, with an brown bed 2 ft. 

arglllo-sili- 4 in. 

I ceous cement ; 

I mica chiefly in 

planes of b^. 

Pensheb, near Marquess of Coarse quarts Pale 134 6 Any prac- 


Houghton- I London- 


Pyotoykes, Alexander 
near Dun- Cla} hills, 

dee, Forfar- Esq , In< 
shire. nergow- 

rie. 


grains, with 
an argillo-sili- 
ceous cement ; 
plates of mica. 


134 ft Anyprac- 0 8f 
tlcable 


Siliceous ^ains Purplish Ifjg 9 Thickest 0 10 
of moderate grey. bed 3 to to 


of moderate grey, 
size, with a 
calcareo-argil. 
lo-siliceous 
cement j mica- 
ceous. 


bed 3 to to 
4 ft. 12 


ScoToATB The free. 
HbAU, Hud- holders ol 
dersfleld, Onley. 
Yorkshire. 


STANcupr, or A H Heath- 
Darley cote, Esq , 

Dale, near Block- 
JiakeMdl, well. 

Derbyshire 


- Quartz grains, Light 158 0 Thickest 0 8 

tf of moderate greenish bed 3 ft. 

size, with an grey. C in 

arglllo-sUl- 

ceous cement ; 

mica in planes 

of beds, and 

occasional WSM 

•pecks of car. ^ 

bon. 

- Quarts grains of Light fer- 148 8 Df Yory I 8 

, moderate site, rugin- large 

and decom- ous size, 

posed felspar, brown. 


and decom- 
posed felspar, 
with an argil- 
lo-sillceous 
cement, ferru- 
ginous spots, 
and plates of 
mica. 


flTEKTON.near Duke 
Barnard Cleve- 
Castle, Dur- land 
bnm. 


. • Cathedral 

Church of 
Ross at Fort- 
rose, A n. 1124; 

I Inverness Old 
Bridge, Crom 
well Court, 
Ac. 

- . Old steeple of 
Dundee, 12th 
century, well 
preserved ; 
Royal Asylum 
of Dundee, 
Ac ; Bell Rock 
lilghthouse. 
Royal Asylum 
of Perth, Kin- 
fauns Castle, 
Castle Hunt- 
ley, Ac. Ac. 

2 U Commercial 
to buildings at 
2 5 Leeds, from 

the old quarry, 
which is of ex- 
actly similar 
stone to that 
of this quarry. 

1 7 Pensher Cha- 

pel ; Scotch 
(hurcb. Sun. 
derland; Sun- 
derland Pier, 
Seaham Har. 
hour, Victoria 
Bridge, on the 
Wear, Ac. 

2 I Extensively for 

to the works at 

2 5 Dundee Har-. 

hour, Ac. 1 


I 3 York Castle; 
Bath Hotel, at 
Huddersfield. . 


8 8 Abbey In Dartey 
Dalei^Stancliff 
Hall, Birming- 
ham 1 Gram- 
mar School, 
Birmtimham ; 
and Kiting- 
ham Railway 
Station 
Housm. 


of Fine quarts Ferrugte- 148 8 16 to 90 ft. 0 
grains, and de- ous light long, 8 

composed fel- brown ft. to 8 

■par. with an ft. to 

argUlo-sUl- thick- 

ooous cement, 
ferruginous 
•pecks, and 
•ome plates of 
mica. 


Keep of Bar- 
nard Castle; 
JotaC Stock 
Bank, and 
MarketHo^, 
Barnard Oat* 
tie 




fl. ST0NB., ;447 


&ANDST0KB8^MnMMiML 



PcMBflotor of 
Quony. 

Gemponeet Parts 
of Stoat. 

Colour* 

Sr 

ill 

1 

% 

While asti* 






l2|l 

11^ 






n 


i. d. 

BQ 


Wbitiy Com- 
pany’! 
Aiblahy, 
near Whit- 
by. York- 
ihire. 

Mrs. Helen 
Noble. 
York. 

Siliceous grains 
of moderate 
slse, with an 
arglllo-sili- 
ceous cement ; 
some plates of 
mica and spots 
of carbon dis- 
seminated. 

Light 

brown. 

« 

126 11 

188 a 

40 x 25 ft. 

0 10 

1 8 

Some parts pf 
Whitff^ Ab^ 
bey i New Li- 

brary at Cam#> 
brid^ 1 Batbs 
and Town 

Hall at Whit- 
Jty { coiDoterT 
at Highgote ; 
Hungorford 
Market, &c. 

Whitby Com- 
pany’! Eo- 
ToN Quar- 
ries, being 
Amcliffit^ 
Julian 

Parkt Prod- 
damt^ and 
LeauRiege, 
near mit- 
by. 

Robert Cary 
Elwes, 
Esq., 
Great Bil- 

lin. 

ampton- 

shlre. 

- 

Pale, to 
dark 
brown. 

- . * 

127 14 

Amcllffe, 

15x10x9 

Prod- 

dams, 

10x8x8 

Lease 

10x0x5 

0 11| 

1 9| 

Orosmont Ab- 
bey and 

Bridge ; Egtoa 
Bridge; Lon- 
don and Bir- 
mingham 
Railway t 
Whitby and 
Pickering 
Railway. 

Whitby Com- 
pany’s 
Snraton, 
near Whit- 
by. 

Charles 

Saunders, 

Esq., 

Sneaton 

Castle. 


- -W 

134 13 

24x0x3^ 

1 1 

1 11 

Parts of Whitby 
Abbey, and a 
portion of the 
parapet of old ’ 
Blackfriars 
Bridge, Lon- 
don. 

Whitby Com- 
pany’sNbw- 
ton Dali, 
near Whit- 
by. 

R. W. Skel- 
ton, Esq., 
near Pick 
ering. 

• 

. * 

181 n 

6 ft. by 4 
ft. and 
18 in. 

0 10 

1 8 

Lewisham 

Church. 


LIMESTONES. 


Ntmt of 
Quarry, 
viMndl 


B»En, T»e«r 
Axmlnster, I 
Devoathire. 


CftlLMARKy 

near Salli-| 
bury, Wilt* 
ibii^ ' 


Lord RoUe. 


Howoh 

Wood. 

Wlrk»l I 
forth. Dwi 
hsnhhr*. 


Pnmri«tor « 

Oiuny* 


Compomnt Part# 
of Stoat. 

Colour. 

Chiefly carbo- 

Light tint 

nate of lime. 

bf 

friable. and 

brown. 

with partial 


indurations. 



Earl 

Pem- 

broke. 


/PMlip OalU 
t Eiq.. 
Hapton 
Hall, near 
Wlrkt. ^ 
vorth. 


-I 

>s£ 

►I 


Carbonate 
lime, with a 
moderate pro- 
portion of flll- 
oa, and occa- 
•lenal graini 
of alllcato of 
iron. 


of Light 

nr- 

brown. 


Compact carbo- Warm 
VL9Xfi of Itme. light 
with enorlnal, grey, 
fragmeiiti 


lb. oa. 

m 12 ! 


Ift3 7 


158 7 


»|i| 

li|t 

41 

Ih 

III 

11^ 

Where uaed. 


s. d. 

t d. 


6 to 7 (t. 
long, 8 
ft. wide, 
and 2 ft. 
thick. 



In the churches 
of the vicinity; 
St. Peter’s 
Church, Exe- 
ter, in ex- 
posed parts ; 
Colyton 
Church, Char- 
mouth, &C.&C. 

10 cWt. to 
3 terns. 
SeTeral 
beds; 
thickest 
bed 

about 8 
ft. 

1 6 
to 

8 0 

4 10 
to 

5 4 

Salisbury Cathe- 
dral, WUton 
Abbey, Snd 
many other 
ancient and 
modem build- 
ings in the vl 

dntty- 

100 feet 
cube; 
beds 
vary In 
thick- 
ness 

from 8 
to 10 ft. 

8 0 
to 

4 0 

4 10 
to 

5 10 

At Chatsworth. 
BelYolr Castle, 
Trraithain 

Hall, Drajrton 
Manor, Bir- 
mingham 
Grammar 
School, At. 


* Frdm my own experlmenU. 
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Name of 




OuarTT, and 
wfiara dtuatad. 

Prorriator of 
Qun?. 

CrmtNmwit Parts 
oTHtana. 

Cdoor. 



Bolsovicr, Earl Bath- Chlell} earbo- Ligbt yel- 151 11 A61l.cabe,] 
near Chef> urit. nate of lime lowiih in bedf 

terGeld, and carbonate brown. from 8' 

Derbyshire. of magnesia ; in. to Si 

semUcrystal- ft.thick. 

line. 


BaoDtwonTll, Lord Ren. Chiefly carbo. Light 133 10 Thickest 
near Don- dlesham. nate of lime brown bed 8 ft. 

caster, and carbonate tint. Bin. 

Yorkshire. of magnesia, 

with sub-ooli- 
tlc grains } fri. 
able. 


• • IDoncaster Old 
I i Church and 
Mansion- 
hernse, Brock- 
letby ilaU, ftc. 


Caoibt. neat* Sir Josbph Chiefly caibo- Cream. 1S6 9 Central 
DooGaster* Copley, nate of lime beds 

Yorkahire. Bart and carbonate (the 

of magnesia, best) 4 

iHth snb-ooU- ft.thick. 

tic and Irregii- 
larly formed 
oolitic grains ; 


1 10 pMr and Ifar- 

1 ^n’l, to High 






















CmMf. IL 


STOKE. 



OOLITIC STONES. 
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OOUTIC STONES 


itoMor 

QMmr>«n4 

v&Miltiwtad. 

Prnprteeor 

UW* 

CompoMitt Pam 
ofStOM. 

Ceieor. 

ifl 

ill 

i 

it 

li 

Wb«i««Md* 





lb. os. 


s. d. 

s. d. 


BATH I/01>0B 
HiLL.Combe 
Down, near 
Bath, So. 
meraetihire. 

W. V. Jeh- 
kins. Esq., 
Corobe 
Grove 
House, 
Bath. 

Chiefly ^rbon- 
Rte of Ume, in 
ocdltic grains. 

Cream. 

116 OQ 

12to96ft 
cube. 
Thick- 
est bed, 

44 ft. 

0 6 


Restoi^oa of 
Henrr VIl.’s 
chapel, twenty 
years since. 
Kennet and 
Avon Canal, 
and otbei 

works. 

Bath Baym> 
TON Quarry, 
Box, near 
Chippenham 

Thomas 
Strong, of 
Box, near 
Chippen- 
ham. 

Chiefly carbon- 
ate of lime, in 
moderatelyflne 
oolitic grains, 
with fragments 
of shells (wea- 
ther bed). 

Cream. 

123 00 

Up to 10 
tons. 
I’hlck- 
ost bed, 

6ft. 

0 7 

1 11 

L^cock Abbey, 
Longleat, Bo. 
wood, south 
front of Wll- 
ton House, 
Windsor .Cas- 
tle, &c. 

Bath 
(DIIIIWK*! 
Quarry), 
Monkton 
Farleiffh, 
near Bath. 

Wade 

Brown, 

Esq., 

Monkton 

Farleigh. 

Chiefly carbon, 
ate of lime. In 
oolitic grains 
of moderate 
sise. 

Cream. 

122 10 

120 to 125 
ft. Se- 
veral 
beds, the 
deepest 
about 

4 ft. 2 in. 
thick. 

0 6 

1 10 

Buckingham 

New Palace ; 
St. James’s 
Square, Bath. 

Cranmorb, 
near Doult- 
Ing, Wilt- 
■hire. 


Carbonate of 
lime, with a 
few oolitic 

grains, and an 
abundance of 
small shells, 
commonly In 
fragments, 
often crystal- 
line. 

Light 

brown. 

134 4 

Of large 
size. 

The 
thickest 
beds will 
work 

20 in. 

0 7 


Cathedral of 

Wells, Glas- 
tonbury Ab- 
bey, &c. 

lUvDOK, near 
Grantham, 
Lincoln* 
•hire. 

John Archer 
Houblon, 
Esq , near 
Bishop’s 
Stortford 

Carbonate of 

lime, with ooli- 
tic grains^ften 
ciTstalline. 

Brownish 

cream. 

133 7 

14ft.x3ft. 

X4 ft. 

0 8 

2 4 

Lincoln Cathe- 
dral, Boston 
Church, Gran- 
tham Church, 
Newark 

Church, and 
most of the 
churches in 
the neighbour- 
hood, and in 
the lower part 
of Lincoln- 
shire ; Culver, 
thorpe House, 
Behoir Castle, 
&c. 

Kbtton, In 
Rutland- 
shire, near 
Stamford. 

LordNortb- 

wick. 

Oolitic grains of 
moderate sise, 
slightly ce- 
mented car. 
bonoteonime* 

Dark 

cream 

colour. 

128 3 

Up to 100 
ft., beds 
vary 
very 
much : 
one 3 ft. 

6 In. 
thick, 
callra 
rag. 

1 9 

8 4 

Cambrl^,Bed- 
ford, Bury St. 
Edmund’s, 
StamfordyLon- 
don, &c. ; 

many of the 
ancient and 
modern build- 
inn at Cam. 
bridge; also in 
the modern 
works of Pe- 
terborough 
and Ely Ca- 
thedral, and at 
St. Duiistan’s 
New Church, 
in London. 

POfTLANO 

^(Traob 

<^A«RT>, 

Jihrador 

Partihmd. 

Meatrs. Wes- 
ton. 

Oolitic carbon- 
ate of lime, 
with a few 
feiljmeiits of 

Whitish 

brown. 


flaa. 

» H 

2 I 

Various public 
builditigi hi 
Londou. 









arojufi^ . 




OOLITIC 


QninfftMa 

w&rcnnuM^ 


PORTLANP 

(Kiko Bar- 
row Bart 
End Qdar. 
RV)ai]Jolning 
WAYCRorr, 
I»lsnd of 
FortUuid. 


Portland 
(^Vern- 
Strbbt 
Quarry), 
Island of 
Portland. 


f i iMS » w r a 

0^* 


MRRin.WRR*,Oolitk etrten< 
Bto of Udmi, 
with R fern 
of] 


MoMrf.Wea* 

ton. 


0<dltlc carbon- 
ate of Ume, 
with a few 
fragments of 
thdU. 


Cstottn 


IWhttUh 

brown. 


WMdsh 

brown. 


It 

f 


lb. oa. 


m io| 

top 

b<d. 


Am 


nj prac- 
ticable 
siaa. 


Anr prac- 
ticable 
•ise. 


II 




a If. 




1 4. 

2 S 


2 8 


WlMOBwa. 


Various publid 
bufldings inj 


Various putJiJ 
buildings ln{ 
Loudon. 


Portland 
(Castle’s 
Quarry), 
Island of 
Portland. 


Messr A Wes- 
ton. 


Oolitic carbon- 
ate of lime, 
with a feiiH 
A^^ents of| 


Whitish 

brown. 


size. 




2 8 Various public 
buildings In 
London. 


Portland 
(Waycroft 
Quarmbs), 
Island of 
Portland. 


The Crown, 
on lease to 
Messra 
Stewards 
and Co. 


Oolitic carbon- 
ate of lime, 
with dissemi- 
nated fVag- 

ments of 
sheila 


Whitish 

brown. 


135 8| 
top 
bed. 


Anr prac< 
tlcMle 
siae. 


<1 


2 3 Goldsmiths* 

Hall, Reform 
Club House, 
Mid other pub- 
lic buUdbigs ID 
London. 


Portland 

(Maooott 

Quarry). 


The Crown, 
on lease to 
I Messrs. 
Stewards 
and Co. 


Oolitic carbon- 
ate of lime, 
with fragments 
of sheila. 


Whitish 

brown. 


Anr prac< 
tfcable 
sue. 


<4 


8 2., Various publio 
buildings la 
London. 


Portland 

(Gosling*! 

Quarry). 


Bfessra 
Stewards 
and Co. 


Oolitic carbon- Whitish 
ate of lime^ brown, 
with fragments 
of shells. 


126 13 Anr prac- 
Boacl) tmable 
sise. 


H\2 3 

I 


'Sereral public 
I buildings in 
I London. 


Portland 

(Grovb 

Quarry 
B.-y ebs). 


Messrs. 
Stewards 
and Co. 


QoltCio carbbR- 
ate of lime, 
with numerous 
fragments of 
shells. 


Whitish 

brown. 


147 lOj 
best 
bed. 
145 I 
earf. 


Aiw prac- 
ticable 

aUe. 


H 


2 3 St. PauPs Ca- 
thedralyaDd se- 
veral churches 
In London, 
built during 
the reign ofl 
Queen Anne. 


Tortlano 

(Oroye 

Quarry, 

RedOroft). 


Messrs. 

Stewards 
and Co. 


Oolitic carbon- 
ate of Ume, 
with a few 
fVagraents of 
abella. 


Whitish 

brown. 



slso. 


2 0 St.Paul's Cathe-I 
dral, and manji] 
churches in 
London, of 
Queen Anneh 
reign. 


Of the Portland stones, it Is to be obseiwed generally, that the dirt bed la full of fossil roots, trunks, 
and branchea ot trees, In the position of their former growth. The top caji Is a white, hard, and 
dosely eompacted limestone. The skuH cap is irregular In texture, and la « well-compacled 
llmeatone. The reach beds are alwafs incorporated with the focestone beda that Invariably Ha 
below them, and are foil of cavities formed 1^ the moulds of shells and the like. The top bad 
Is the best stone, the bottom one til cemented, and will not stand the weather. A middle or curf 
bed oeeursof^ro the aouthemmost quarries on the east cliir« It Is soft to the north, and hard to 
the south. The fo^ workable stone In the east cliff Quarries Is aenarally less in depth thipi In 
the samebed In the west cliff quarries, but the east cliff stone is harder, more especially to the 
toutltef tbelalaad. The stone, even In the same quarries, varies considerably. That which 
coatidna tints will not stand the weather. The bottom bod on the woet cliff la not a durable 
•tone, though sold as a good stone in the London market. The best stone is tn tho nortb- 
•attomjtorC of the Island t the worst in the aouth-western part. The annual consumption of 
the whole of the quarries In the island It equal to an area of one acre of tho good workable 
ttooe. or hbottt M.OOO tons. The entire area unworked is about 8000 acree. There are A6 
quarries In the island, and about MO quarrymen mnpleyed, of which number Meiars. Stewards 
mnploy usually about 138. ( See Subsection ISSqf. ri a g.) 
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OOLtTib 8TONB8-.«ffilAi«ftt. 


SmmtW 
OuNTW* and 

fnwlttw 

Quiun* 

CompeMUtPam 


1 


4 

kt 

^Jj 

11" 

Whmtmi, 

TaTNTW, or 
Tsthton, 
near Bur- 
ford, Oxon. 

Lord Dyne- 
vor. 

Carbonate oi 
lime, partly 
ooilue and 

fMable, with 
very small 

fhiments of 
•h^ls, irregu- 
larly lami- 
nated. 

Streaky 

brown. 

i 

Any prae- 

lise. 
Thick- 
eat bed, 
about 

7 ft. 

4. d, 

0 10 
to 

1 0 

4. d. 

9 4 

Blenheim, Com- 
bury Park, 
Barrington 
Park, the in- 

terior of Bt 
PauPs and 
many other 
churches in 
London and 
Oxford, and in 
variouabrldges 
in Oxford- 

shire. 

Wass, near 

I'hirrk, 

Yorkshire. 

Martin Sta> 

C"* 

Compact car- 
bonate of lime, 
with oolitic 
grains and an 

argillo - calca- 

reous cement ; 
carbon disse- 

minated. 

Brown. 

I 

141 n 

soft. 
162 8 
hard. 

Beds va- 
riahle, 
about 

16 in. 

• • 


West ftont and 
a large propor- 
tion of Hyland 
Abbtqr. 

WlNDEUSH, 
near Bur- 
ford. Glou. 
cestershire. 

Lord Shel- 
burne. 

Fine oolitic 

grains, with 
calcareous ce- 
ment, and a 
few fragment: 
of shells. 

Cream. 

118 2 
•oft. 
135 15 

hard. 

5 to 40 ft. 
Thlckost 
bed, S ft. 
6 in. 

0 6 

a 7 

Wlndruah 
Church, Bar- 
rington House, 
and all the old 
buildings 
within many 
miles of the 
quarry. 


1665. The following very useful enumeration of the stones used in buildings of the 

Island, arranged under that head* and divided into the sorts of stone employed in them, 

we add, verbatijnt from the Report which we have so much used. The heads are under 

Samdstonk buildings, Lxmestoiip buildings, and Magnesian Limestone buildings. 

SANDSTONE BUftOlNGS. 

Bakewell, Derbyshire. ^ The houses generally are of sandstone, and in fhir condition. A 
new bank now erecting of sandstone from Bakewell Edge. 

Bakewell Chuech (14th century), of a sandstone of the vicinity, very much decomposed. 

Barnard Castle, Durham (14th century! Circular keep, apparently of Stenton stone, in 
eicellent condition. In modem works, the Joint Stock Bank and Market-house of 
Stenton stone, in good condition. 

Belfer New Church, Derbyshire. Built 10 ^ears since, of sandstone from Hungcrhill, 
in an incipient state (in parts) of decomposition. 

Blandford Parish Church, Dorsetshire (1769). Of a green siliceous line-grained sand- 
stone, the dressings being of a stone similar to the Portland oolite ; the former much 
decomposed ; the latter in very good condition. Town Hall, about 80 years old, of 
stone similar to the Portland oolite, in good condition. 

Brancbfeth Castl^ Durham. Of ancient date, of sandstone of the vicinity ; recently 
restored extensively ; older parts in various states of decomposition. 

Briavxl*s, St., Castle, Glocestershire. In ruins (ISth or 14th century). Entrance gate- 
way (the chief remains of the castle) built of red sandstone, decomposed. 

Bristol Cathedral (13th and 14th centuxies). Built of red sandstone and a yellow 
limestone (magnesian?) strangely intermixed; the red sandstone in all cases Mcom- 
posed, the limestone more rai^y decayed; the tracery, &c. of the win^wa, which are 
of the limestone, are in good condition ; but the pin^ks and otlier dresaings, which 
Ere of the same material, are much decomposed. The east end of the cathedra] is a 
r ym a rk idxle instance of the decay and preservarion of the two stones employed. Nor- 
man gateway, west of the oathecfral (the upper part of the 15th century) *, the Kormau 
a^iway and its enrichments, which are of s very florid chmcter, built of yellow 
limestone (magnesian ?), in excellent condition. 

BfXiSm A 99 MT century). Jn part of a riHiceous pit (principally in the interior)^ 
^ and in part (diiefly on Ibe exterior) of a compact odits^ from the WemquAmu ii» the 
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▼ieinity. The west front, which ic of the oolite, if in perlbet condition, even In the 
dog*e.teeth end other florid deoor«tH»f of the doorweye, &e. This buildup b coemd 
gentraliy with lichenc. 

CUalisue. Ancient buildinget Cethedral (13th century), of red eendstone, in rarioue 
ftatei of deoompoiitioii. Modem buil^ngi : Many redeendetone, more or lew tu 
a etate of decompoidtioii. 

Cj^fTLs Howaan, Yorkshire^ Built merally of a siliceous fine-grained sandstone from 
the park ; generally in good condition, but in some parts, such as the parapets, cu* 
poli^ and ohininey shafri, much decomposed. The pilastm of the north fr^ frotn 
a quariy at Appl^n i in good condition, except where subjected to, alternations of 
wet and dry, as in the pUnms, where thm are signs of decomposition. The stoUka 
are of Appleton stone, and in good condition. 

CuaTswoRTn House, Derbyshire. Original house built of Bell Crop sandstone from Bake- 
well Edge, not in good condition, particularly in the lower parts of the building 
In the recent additions the same stone is employed, together with that of Bailey 
Moor and Lindrop Hill. 

Chepstow Castle, Monmouthshire (11th and centuries, with additions of the Hth 
oentury). Of mountain limestone and old red sandstone ; the former in good con* 
dition ; the latter decomposed. Dressings of doors, windows, archways, and quoins 
are for the most part of magnesian limestone, in perfect condition ; the remainaef is 
of red sandstone, and is generally much decompowd. Chapel (of the 12th century); 
mouldings and carvings c£ the wmdows, &c., which are of magnesian limestone, are in 
perfect condition. 

CoxwoLD Church, Yorkshire (15th century). Generally of fine siliceous grit of the 
vicinity, and in part of a calcareous nature. Tower in good condition ; porch decom- 
posed ; lichens abundant on the north side. 

Dsanr; St Peterk Church (13th century), of the variegated coarse sandstone of the 
vicinity, similar to that of Little Eaton. The whole in bad condition ; but the red 
stones lew so than the grey or white. St Almund's Church (of the Hth century), 
«lf a coarse sandstone of the vicinity, in a very decomposed state, to the obliteration 
ef Ihe mouldings and other details; it has lately been scraped and painted, to pre- 
serve it from forther destructiojt All Saints Church (tower of the 15th century), 
of sandstone, similar to that of Duflield Bank, partly In foir condition, and partly 
much decomposed, particularly the great western entrance. The body of the 
church, built 1 10 years since, of sandstone, in part decomposing, lifodem buildings : 
Town Hidl, of sandstone from Morley Moor, built a few years since, in very good 
condition. 

Durham Cathedral (11th and 12th centuries). Of a sandstone of the vicinity, elected 
indiscriminately, and in all stages of decomposition ; few stones are quite perfect. 
Castle (of the 1 1 th century). Of rimilar stone, and in a similar state. 

Easbt Abbey, Yorkshire (1 3th and 1 4th centuries). Of wndstone of the vicinity ; mould- 
ings and carvings decomposed and in part obliterated. Walls built very rudely, and 
in various states of decomposition; some parts, however, maintain their original 
surface. 

Eccleston Abbey, Yorkshire (13th century). Of Stone similar to that of the Stenton 
quarry. The mouldings and other decorations, such even as the dogVteetfa enrich- 
ments, are in perfect condition. 

Edinburoh. Ancient buildinnt Holyrood Chapel (12th century), of sandstone from 
the vicinity, in part much decompom ; in other parts, such as the west door, almost 
perfect Tbe paim (built in the 16th and 1 7tb centuries) of similar stone, generally 
in good condition, Bie older parts being sli^^tly decomposed The oldest part of the 
Tr6n Church (1641), of sandstone, much decomposed. A house on the Castle HUl 
(1591), of sandstoaoi only slightly decomposed. 

Modern bmldings, wholly erected of sandstones from the Cragleith, Bed Hall, Humble* 
and Binnie quarries, for the most from the first-menrioned quarry. Kona 
of them exhibit any appearance of decomporition, with the exeeprion of ferruginous 
g|||||whioh are produced upon some stones. Among the oldest is the Registry 
V^H||hioh is of Cragleith stone, and built above sixty years rince ; It is in a perfect 

FoubtaikvAbbxy, Yorkshire (11th and 12tb centuries, with additions of the 16tb 
century). Of coame sandstone of the vicinity, generally in bad condition, pauticularly 
the west front, which is much decomposed. The nave and transept, whicb are the 
uaritestpmrtimis of the building, sre the best preserved. 

PoumeAivl Hall, Yorkshire (1677)* Of san dsten s of the vieiidty, and msgneiien lime- 
stone In the dresrings. The whole In fidr oondiBteL 

Poanar or Dsax, Olouceslerfeire. Park End new church, built fifteen years 4 ino% ef 
^ sandstone^ similar to thkt of OolfOrd. No a^iearanee of decomiKMiUioii. 
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,6iA0Qti.w. Aaeieni biiiiiiitig« : H^tSbttrcli^ ^lllh eehtMi^)*^ mibitittom of the fictiiitf, 
genially Tory much deeonipoi^ partioul«ny''«Mi tha touth Qid qufdfwigle m 

Collam (James II.), ofnandirtcme, deeotn|Hi»ed. 
jB|||cm buUdings; Hunterian Hueeusi (1604); eimerttruetur# said to be of stone 

/ Praddebt quarry ; alight traeea of deooo^jKMitieo on Jthe aouth-#aat front. The* 
baament of annular aandatone, in a mhre eantaaed state of daaommition $ other 
parts of the buMding afa in eg idmoit pdpfrat stat*. The. other boUcfings are gene-' 
rally erected of eMie frcun the Oiflheudi and mother quarries in the inamadiate neigh-* 
bourhood) aacepC |ha 4ttew^techange buildinger «rh|ibh are of stone from the Humble 
quarry, thirty from v^ittgow, reaeotly anseted, in which there are not any ap* 
pamt aypiptoins of deeompoeitioik ^ ^ * 

OLOucxnEM, CATHanaan (Ifforfnan §or frm greater part, altered and cased In die 15th 
century), built of a fine grained md in«0^mented o<dite, a thelly oolite, and a red 
sandstone (north dde) int^mlaed, of which the former constitutes the greater por- 
tion, The tower {15tb century), of dielly oolite, in perfect oondition. The eiuly 
turrets of the south transepts are also in good condition. The body of the building 
is mu6h decomposed. The great cloister is built of the«lame materials as the-cathe- 
draL The moulded and deeoti^ work is in good condition, the other parts are 
more or less decomposed. The small cloister is built of a fine oolite with a compact 
cement, and k in good condition. Ths New Bstnoa, of Whitchurch sandstmie, 
parapets of Rtiordean fine-grained sandstone, in ^ood oon^on. 

IIadikik Hatt, Perbyshiio (15th and r6th centum). Of a fine-grained sandstone, 
similar Co that of Lindrop Hill. Tlie dressings, parapet chimney shafts, quoins, &c. 
are wrought and rubbed j frie remainder of the walls Is of rough walling. Tbq whole ) 
in fair condition. 

HaaEowaATB. Cheltenham Pump Room, of sandstone from Woodhouse, near Xoeda 
Built recently. In good cohditbn. Swan Hotel and other modem buildings, 4>f a 
coarse sandstone of the ricinity ; generally in good condition. 

Hardwicki Kali., Derbyshire. (1597). Of a fine-grained sandstone, chiefiy from a 
<|^uarry in the hill on which the house is built, intermixed with a calciferouS grit, 
similar to that of Mansfield ; generally in good condition. The ashler is in parts 
decomposed, especially where it is set on edge. 

Howdin Cuuecu, Yorkshire (15th century); partly of magnesian limestone, of a deep 
yellow colour, and partly a£ a coarse siliceous grit, of a ferruginous colour. Dress- 
ings and enri^ments and the central tower are of the former stone ; generaHy de- 
composed, particularly at the top of the tower. The other parts of the building, 
which are of the grit, are very much decomposed. 

I^IRESTALK. Abbstt, Yorkshii*e (lith century). Of coarse sandstone of the vicinity, in 
▼arious stages of decomposition according to the aspect The east side is in fair con- 
dition ; aome of ^e sig-zsg enrichments luid early capitals and other enrichments of 
mouldings are hi perfect oenlh^on. The windows of the chancel and tower (inserted 
in the 16tb ceataiy) of g yellow sandstone^ are for the most part gone, and what re- 
mains is much dec^posed. 

MAuarmb Nottinghamshire. Built three years since, of magneslo-^alciferoua 
mtotPlyin. from Bdansfield : oe appearance of deconq^^ttCm. i 

Nzwegi^ito-nren^rTirB^ Ancient buildings: St. Nicholas* Church (74th century), of 
si^stoilie of the vicinity, similar to that of the HeddqR Quatry, very touch deoom- 
posed. Parts wtored wttoin the last century, with the tome stone, now' decompoidiigi ' 
Tbe^ipper part of the tower and spire restor^ within toe last five years, pauKlad 
to preserve the stone from decay. Otl^ ancient buildings, o^toe same stone, toOre or 
less in a state ofdeoompojutioii, aeeoidaig to the date ofto^ eieodoii. 

Modem bifrl^ii^ built within the last fi5 years, of sandstone from the Felling and 
Church iftiames at Gateshead and the Jpefiton quarry : parts akead)^ show symptome 
of decomposittoo-> 

PoftptotiAov Casvlb, Yorkshire (14th century). Built gepetolly of a coarse grit, of a dark 
brown colour, oecakonally nuaed with an inferior njagneilan liineatoiie. iTbe whole 
ia a very decomposed state, more particularly the totoSstoa^ hi wltomall toaton^the 
original surfeee are effaced. Fragments magnesian lltoestone jsre an||||HHi in 
several parts Of toe walls, with mouldings of the JSth^ntury, in 

dition* " , " ^ ^ ‘ 

lUar CaevLB* Durhalb (14to century)* Of sanditona Of toe viciitop t pms In a perfect 
stale, others slightly deooibpestd. ^ 

iticuMonn Castlib, Yorkabira (Uto: century). Ibe kfop, of saudsloiia, sln^&r Ip tlltodf 
Gattoly Moor, generally ifrj||id coniUtion; nsofUdiilgs and oanrlngs in Mbsiniia Aa 
windowto a perfect state. ^ \ 

Yorktoito, An obelisk in t^e market-plaee eoerse landslfr^ 

ooniposiKi to hui4Mbiicpltodlel to the et|K^ . 
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RiroH CisfftrKDftAL. ^ ^wer |Mrt, east end, and south-east angie (Norman), of coarse sand- 
stone of the vieinity, in good condition. TTie west front, the transepts, and tower (of 
the ISth anjjt l^Ch centuries), of the coarse sandstone of the Ytoinity, in fisir condition. 
The moul<^gs, although generally decomposed, are not efracecL The dog*s-teet|) 
ornamenta in Most parts nearly perfect. The aisles of the naves, the clerestory, and 
the choir (of the i 4th and 15th ceiituries), of coarse sandstone and magnesian lime- 
stone inteamixed, not in good condition ; the latter stone, on the south side, often in 
fttir condition. The lower parts of the building generally, but particularly the west 
fronts, which are of coarse sandstone, are very much decomposed. 

ClivAULX Abbet, Yorkshire (12th century). Of a sandstone at Hollands, one mile from 
the ruins 9 generally in excellent condition. West front slightly decomposed ; south 
front remarkably perfect, even to the preservation of the original toolmarks, 

Shaftesbuxt, Dorsetshire. St. Peter’s ^urch (15th century). Of a green siliceous 
sandstone, from quarries half a mile south of the church. The whole building much 
decomposed. The tower is bound together by iron, and is unsafe, owing to the inferior 
quality of the stone. 

SroFPoxTH Castle, Yorkshire (14th century). Of coarse red sandstone; more at less, 
but generally much, decomposed. The dressings of the windows and doors, of a ssmi- 
orystalline magnesian limestone, are in perfect state, the mouldings and enrichments 
l>eing exquisitely sharp and beautiful. 

Tintern Abbey (18th century). Considerable remains of red and grey sandstones of the 
vicinity, in part laminnt^. In unequal condition, but for the most part in perfect 
condition ; covered with grey and green lic.hens. 

Tisbuhy Chubck (ISth and 14th centuries; the lower part of the tower of the 12th 
century). Of calciferous limestone from Tisbury. llie dressings are composed of 
stone throughout, in perfect condition. The ashlar variable ; in part much decom- 
posed ; the undecomposed portions are covered with lichens. Tombstones in the 
churchyard generally in good condition, some being more than a century old. The 
houses of the village built generally of the Tisbury stone, and are in very good con- 
dition. The whole covered with lichens. 

Wakefield Parish Church, Yorkshire (tower and spire of the 16th century). Ot sand- 
stone, much decomposed. The body of the church, of recent date, of sandstone 
strongly laminated, and generally decomposed between the lamina?. 

Whitby Abbey (13tb century). Of stone sinrular to that of Aislaby Brow, in the vicinity ; 
generally in good condition, with the exception of the west front, which is yery much 
decomposed, llie stone used is of two colours, brown and white ; the former, in all 
cases, more decomposed than the latter. The dog’s-teeth and other enrichments in the 
east front are in good condition. 

limestoke buildings. 

Bath. Abbey church (1576), built of an oolite in the vicinity. The tower is in fair con- 
dition. The body of the church, in the upper part of the south and west sides, much 
decomposed. The lower parts, formerly in contact with buildings, are in a more 
perfect state ; the reliefr in the west front of Jacob’s ladder are in parts nearly effaced. 
Queen’s Square, north side, and the obelisk in the centre, built above 100 years 
since, of an oolite with sh^ls, in fair condition. Circus (built about 1 750), of an 
oolite in the vicinity, generally ip fair condition, except those portions which have a 
west and southern aspect, where the most exposed parts are decomposed. Crescent 
(built above 50 years since), of an oolite of the vicinity, generally in fair condition, 
except in a fev places, where the stone appears to be of inferior quality. 

Bristol Cathedral (of the 15th and 14th centuries). Built of red sandstone and appa- 
rently a yellow limestone (magnesian ?) strangely intermixed. The red sandstone in 
all cases decomposed ; the limestone more rarely decayed. The tracery, &c. of the 
windows, which are of the limestone, are in good condition, but the pinnacles and 
dreiiings of the same material much decomposed. The east end of the cathedral is a 
remiurkable instance of the docay and preservation of the two stones employed. Nor- 
man gateway, west of the cathedral (the upper part of the 15th century), the Norman 
archway and its enrichments, which are of a very florid character, built of yellow 
limestone (ma^esian ?), in excellent condition. 

St. MahT Redcliffb (tower of the 1 2th eentury ; body of the church of the 15th 
century). Of oolitic limestone, from Dundry ; very much decomposed. 

JBinasmu H^use (ISth century). Of a shelly oolite (Bamack rag), in excellent condi- 
tion thMughotlt The late additions are of Kettpn ptme. 

Btlavd Abbey, Yorkshire (12th century). In part ef e siliceous grit (principally in the 
iaterior), end in part (chiefly on the extdrior) of a f^ompact (^lite, from the Wsss 

i ^uemsp in the vicinity. The west front, which is of the oolitei ie in perfect condition, 

II n 
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•fven in the dogVtaeth and other florid decorations of the doorways, &c. This build- 
ing is generally covered with lichens. 

CoLLKY Weston Church, Northamptonshire (14th century). Of a shelly oolite (Bamack 
rag), in perfect condition throughout. 

Dorchester. St. Peter’s Church (15th century). Of laminated oolite, somewhat simnar 
to that of Portland, and of a shelly limestone, somewhat resembling that of Hamhill. 
The latter used in pinnacles, parapets, and dressings. The whole in a decomposed 
state. 

Glastonbury — Abbey. Joseph of A rimathea’s Chapel. Considerable ruins; Norman, 
of shelly limestone, similar to that of Doulting ; generally in good condition ; the 
sig-zag and other enrichments perfect ; the capitals of the columns, corbels, &c. are o^ 
blue lias, much decomposed, and in some cases have disappeared. The Church, Con- 
siderable remains of thl( choir, and a small portion df the nave (11th century), ol 
shelly limestone, similar to that of Doulting, in good condition. St. Benedicfa Parish 
Church (14th century). Of limestone, similar to that of Doulting, in good condition. 
St John the Baptists Parish Church (15th century). Of stone similar to that of 
Doulting, generally in iair condition. 

Glocester — Cathedral, (Norman for the greater part, altered and cased in the 15tk 
century). Built of a fine-grained and ill-cemented oolite, a shelly oolite, and a red 
sandstone (north side) intermixed, the former constituting the greatest portion of the 
edifice. The tower (15th century), of shelly oolite, in perfect condition. The early 
turrets of the south transept are also in good condition. The body of the building is 
much decomposed. The great cloister is built of the same materials as the cathedral. 
The moulded and decorated work is in good condition ; the other parts are more or 
less decomposed. 'The great cloister is built of a fine oolite, with a compact cement, 
and is in good condition. St. Nicholas's Church (body Norman ; tower and spire, 
15th century), of a shelly and inferior kind of oolite intermixed, and in unequal con- 
dition. St. AfichaeCs Church (15th century), built of same stone as that of St. 
Nicholas, and in the same condition. 

Grantham Church (13th century). Lofty tower and spire at the west end. Built of an 
oolite, similar to that of Ancaster, in good condition, more especially the tower, except 
as to some portions of the base mouldings. 

Ketton Church, Rutlandshire. (West entrance door, Norman ; tower of the 12th or 13th 
century ; nave, aisles, and chancel of the 1 4th century). Of a shelly oolite ( Barnack 
rag), in g^d condition. Dog’s-teeth, carved corbels, and other enrichments in a 
perfect state. 

Kettering Church (14th and 15th centuries). Of a shelly oolite, fine-grained, the greater 
portion resembling Barnack rag. 'I'he tower and spire in perfect condition. The 
body of the church in parts slightly decomposed. 

Kirkham Priort, Yorkshire (13th century). Inconsiderabln^xemains. The western 
front and great entrance slightly dec'omposed throughout ; Ipf^ortions which remain 
of the body of the church very perfect, but many of the stones are much decomposed. 
The stone is very similar to that of the Hildenly quarry. The whole is covered with 
lichens. 

Lincoln Cathedral (the minster generally of the 12th and ISth centuries). Of oolitic 
and calcareous stone of the vicinity ; generally in fait 4M|dition, more especially the 
early portions of the west front. The ashler and pliili dlllBings of the south front 
are, however, much decomposed. The mouldings and^dififlgs of the east front are 
in a perfect state. Roman Gate, of a ferruginous oolite, In &ir condition. The Castle 
Gateway ( I Sth century), of an oolitic limestone ; ashler much decomposed, dressmgs 
perfect. 

Melton Old Church, Yorkshire (12th century). Light semi-compact limestone, similar 
to that of the Hildenly quarry ; generally in good condition, particularly the great 
west door (of the 1 1 th century), where the zig-zag and other enrichments are perfect. 
Some stones are much decomposed. 

Montacute, Somersetshire — Parish Church (15th century). Of Hamhill stone, in perfect 
condition, covered with lichens. The Abbey (15th century). Suppos^ abbot’s 
house and gateway, of Hamhill stone, in good condition. Montacute U,ouse (17 th 
century), of Hamhill stone, in excellent condition. 

Martock Church, Somersetshire (15th century). Of a shelly ferruginous brown lime- 
stone from Hamhill, in good condition, except the plinth and base mouldings, which 
are much decomposed. Covered with lichens. 

Niwark Church (15th century ; the tower, in part, of the 12th century). Of an oolite, 
similar to that of Ancaster ; generally in condition, with the exception of parts of 
the base mouidii^. The building is covered with a grey lichen. The C<utk ( Nof- 
man, with additions in the 15th century). Chiefly of sandstone of the vicinity ; in 
unequal cond^^on. A large portion of the dressings of the windows, fro. are of oolilo 
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probably from Aticastch Town Hall (50 or 60 years old). Built of tlie Ancaster 
oolite ; in good condition ; in some blocks, however, there is an appearance of lami- 
nation, where decomposition has to a slight extent taken place. 

Oxford Cathedral, Norman (1 2th century). Chiefly of a shelly oolite, similar to that 
of Taynton; Norman work in good condition, the latter work much decomposcc 
Merton College Chapel (13th century). Of a shelly oolite, resembling Taynton stone; 
in good condition generally. New College Cloieters (14th century). Of a shelly 
oolite (Taynton), in good condition. The whole of the colleges, churches, and other 
public buildings of Oxford, erected within the last three centuries, are of oolitic lime- 
stone from Heddington, about one mile and a half from the university, and are alii 
more or less, in a deplorable state of decomposition. The plinth, string-courses, and 
such portions of the buildings as are much exposed to the action of the atmosphere, 
are mostl)' of a shelly oolite from Taynton, fifteen miles from the university, and are 
universally in good condition. 

Vi^UL’s, bT., Cathedral, London ( finished about 1700). Built of Portland oolite, from the 
Grove quarries on the cast cliff'. The building generally in good condition, especially 
the north and east fronts. The carvings of flowers, fruit, and other ornaments arc 
throughout nearly as perfect as when first executed, although much blackened ; on 
the south and west fronts larger portions of the stone may be observed of their natural 
colour than on the north and east fronts, occasioned by a very slight decomposition of 
the surface, 'i'he stone in the drum of the dome, sad in the cupola above it, appears 
not to have been so well selected as the rest ; nevertheless scarcely any appreciable 
decay has token place in those parts. 

PiCKERiNO Church, Yorkshire (1.3th and 14th centuries'!. Oolite rock of the neighbour- 
hood ; very much decomposed ; the windows, mullions, and buttress anglgs obli- 
terated. 

Pickering Castle (14th century). The walls of the oolite of the neighbourhood, and the 
quoins of a siliceous grit. ITie whole in fair condition. 

Portland, Dorsetshire — New Church (built 1766), of Portland oolite, fine roach ; in a 
perfect state, still exhibiting the original tool marks. Wakcham Village, Tudor 
House, of Portland oolite, in excellent conditionu Old Churchy in ruins, near Bow 
and Arrow Castle (15th century), of Portland oolite, resembling top bed; in very 
good condition ; original chisel marks still appear on the north front. Bow and Arrow 
Castle* Considerable remains of the keep, many centuries old, of Portland oolite ; the 
ashlar resembles the top bed, and is in perfect condition ; the quoins and corbels of 
the machicolatcd parapet appear to be of the cap bed of Portland oolite, and are in 
good condition. 

Salisbury Cathedral (13th century). Of siliciferous limestone from ChiJmark 
quarry. The entire building is in excellent condition, except the west front, 
which in parts is slightly decomposed. I'he building generally covered with 
lichens. 

Sandysfoot Castle, near Weymouth (temp. Hen. Vlll.). Considerable remains of keep, 
chiefiy of Portland oolite, partly of the top bed and partly of the fine roach ; generally 
in excellent condition, with the exception of a few and apparently inferior stones. 'I'he 
inside ashlar of the walls is of large-grained oolite, apparently from the immediate 
vicinity of the castle, much decomposed. 

SoMEKTON Church, Somersetshire (14th century). Built chiefly of blue lias; the quoins, 
buttresses, parapets, and other dressings of a coarse ferruginous shelly limestone, in 
various stages of decay. The parapet of the clerestory of a lighter-coloured stone, in 
good condition. 

Stamford — St. Mary's Church (1 3th century). Of a shelly oolite (Barnack rag), in 
fair condition. St. John's Church {\4t\\ century). Of similar stone, ill selected, and 
consequently decomposed in parts and in laminations, according to the direction of 
the beds of shells. St, Martin's Church (14th century). Of similar stone, in good 
condition. AU Saints (lower part of the body of the church 13th century ; the re- 
mainder 1 5th century). Tower and spire in fine condition ; body of the church de- 
composed. Standwell's Hoteh built twenty-four years since of an oolite similar to 
that of Ketton ; in perfect condition. St. Michael's New ChurcK Built four years 
since ; no appearance of decomposition. 

Wells, The Cathedral. West front (13th century), upper part of tower (14th century), 
of shelly limestone, similar to that of Doulting, generally decomposed, but not to any 
great extent. North flank (porch and transept 1 3th century, the remainder of the 
14th century), of similar stone, in good condition, except lower part of flank and west 
tower. 'I'he central tower (of the 14th century) in very good condition. South side 
of the cathedral generally in good condition. Chapter House (13th century, with 
additions of the 15th century). 'I'he whole in good condition excepting the west 
front of the gateway, which is decomposed^ Close gates (15th century) much de* 
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composed, but especially on the south and south-west. .The cloisters (15th century) 
generally decomposed, particularly the mullions and tracery. 

^‘esTMiNSTEK Abbky (1 3th century). Built of several varieties of stone, similar to that ot 
Gatton or Ryegate, which is much decomposed, and also of Caen stone, which i.s 
generally in bad condition ; a considerable portion of the exterior, especially on the 
north side, has been restored at various periods, nevertheless abundant symptoms 
of decay are apparent. The cloisters, built of several kinds of stone, are in a very 
mouldering condition, except where they have been recently restored with Bath 
and Portland stones. The west towers, erected in the beginning of the 18th century 
with a shelly variety of Portland oolite, exhibit scarcely any appearance of decay 
Henry the Seventh’s Chapel, restored about twenty years since with Combe Dovh 
B athstoue, is already in a state of decomposition. 

WiNDKUSH Church (15th century). Of an oolite from the immediate vicinity ; in 

cellent condition. A Norman door on the north side, enriched with the bird’s-beak 
and other characteristic ornaments, is in perfect condition. Tombstones in the 
churchyard, very highly enriched and bearing the dates of 1681, 1690, apparently of 
Windrush stone, are in perfect condition. 

Wyke Church, Dorsetshire (l.'ith century). Of oolite, similar to Portland, the whole in 
good condition, except the mullions, tracery, and dressings of doors and windows, 
which are constructed of a soft material, and are all decomposed. On the south side, 
the ashler is in part covered with rough-cast. The entire building is thickly covered 
with lic^ns. 

' flr 

MAGNESIAN LIMESTONE BUlLDlNOa 

Bxverley, Yorkshire. The minster (12th, 13th, and 14th centuries), of magnesian lime- 
stone from Bramham Moor, and an oolite from Newbold ; the former, which is used 
in the west tower, central tower, and more ancient parts of the minster, generally in 
good condition ; but in other parts of the building the same material is decomposed. 
The Newbold stone, chiefly employed on the east side, is altogether in a bad condition. 
Some of the pinnacles are of Oulton sandstone, and are in bad condition. The build- 
ing is partly covered with lichens. Mary's Church (14th century), now in course 

of restoration, of magnesian limestone and oolite, supposed to be from Bramham Moor 
and Newbold, respectively. The ancient parts are in a very crumbling state, even to 
the obliteration of many of the mouldings and enrichments. 

Bolsover Castle, Derbyshire (1629). Mostly in ruins; of magnesian limestone of 
several varieties, and of a calcareous fine-grained sandstone. The dressings, which 
are generally of sandstone, are much decomposed, in some instances to the entire ob- 
literation of the mouldings and other decorations, and to the destruction of the form of 
the columns, rustications, &c. Most of the string courses, a portion of the window 
dressings and the ashler, which are of magnesian limestone, are generally in excellent 
condition. 

Bolsover Church, Derbyshire (15tl: century). Of a magnesio-calciferous sandstone, more 
or less in a decomposed state throughout. 

Chepstow Castle, Monmouthshire (1 1th and 12th centuries, with additions of the 14th 
century). Of mountain limestone and old red sandstone ; the former in good con- 
dition, the latter decomposed. Dressings of door, window, archway, and quoins are for 
the most part of magnesian limestone, and in perfect condition. The remainder is of 
red sandstone, and is generally much decomposed. Chapel (of the 12th century), 
mouldings and carvings of windows, &c., which are of magnesian limestone, in perfect 
condition 

Doncaster (Old) Church (15th century). Of an inferior magnesian limestone, generally 
much decomposed, more especially in the tower, and on the south and west sides ; now 
under general and extensive repair. 

Heminoborough Church, Yorkshire (15th century). Of a white crystalline magnesian 
limestone. The entire building is in a perfect state, even the spire, where no traces of 
decay are apparent. 

Howdem CutRCH, Yorkshire (15th century). Partly of magnesian limestone of a deep 
yellow colour, and partly of a coarse siliceous grit of a ferruginous colour. Dressings 
and enrichments, and the central tower, are of the former stone, p^enerallpr decomposed, 
particularly at the top of the tower, llie other parts of the e^ce, built of the grit, 
are very much decomposed. 

Huddlestons Hall, Yorkshire (1 5th century). Of semi-crystalline magnesian limestone 
from the neighbouring quarry. In excellent condition, even to the entire preservation 
of the mouldings of the chapel window in the south-west front. The outer gate pieri 
in the fence wall, also of magnesian limestone, very much decomposed. 

Knarssborouoh Castle, Yorks^e (12th century). Magnesian limestone, carious in part ; 
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generally in very good condition# except on the soutli and south-west portions of the 
circular turrets* where the surface is much decomposed. The mouldings generally are 
In a perfect state. The joints of the masonry* which is executed with the greatest 
care, are remarkably close. The stone of the keep* which is of a deep brown colour, 
and much resembles sandstone* is in good condition, especially on the south-west 
side. 

KoNiKGsaoRoijoH Castle, Yorkshire (Norman). Coarse-grained and semi-crystalline mag- 
nesian limestone, from the hill eastward of the castle ; in perfect condition. The 
masonry is executed with great care* the joints very close* but the mortar within them 
has disappeared. 

Ripon Cathedral. Lower part, east end* south-east angle (Norman), of coarse sandstone 
from the vicinity* in good condition. The west front, the transepts, and tower (of the 
1 2th and 1 3th centuries), of coarse sandstone of the vicinity, in fair condition. The 
mouldings* although generally decomposed, are not effaced. The dogVteeth orna- 
ment in most parts nearly perfect. The aisles of the nave* the clerestory, and the 
choir (of the 1 4th and 1 5th centuries), of coarse sandstone and magnesian limestone 
intermixed, not in good condition. TTie latter stone* on the south side, often in fair 
condition. The lower parts of the building generally* particularly the west frontt, 
which are of coarse sandstone* are much decomposed. An ol>clisk* in the market- 
place (1781), of coarse sandstone* is much decomposed, and in laminations parallel to 
the exposed faces. 

Robin Hood's Well, Yorkshire (1740). A rusticated building, of magnesian limestone* 
in perfect condition. 

UocHE Abbey, Yorkshire (12th century). Inconsiderable remains, of semi-crystalline mag- 
nesian limestone from the neighlmuring quarry, generally in fair condition. ^ llie 
mouldings and decorated portions are perfect. Gate-house (12th century) generally 
decomposed* with the exception of the dressings and mouldings, which are 
perfect. 

Selby Church, Yorkshire (nave and lower part of the tower of the 11th century ; the west 
front and aisles of the 12th century ; and the choir with its aisles of the 14th century). 
ITie Norman portion of the building, which is of grey magnesian limestone* is in 
excellent condition, particularly the lower part. The early English portions of the 
building are also of magnesian limestone, and in a partially decomposed state. Tlie 
later portions of the building, w'hich also are of magnesian limestone, are much decom- 
posed and blackened. 

Southwell Church, Notts (of the 10th century). Of magnesian limestone, similar to 
that of Bolsover Moor, in perfect condition. TTie mouldings and enrichments of the 
doorway appear as perfect as if just completed. The choir, which is of the 1 2th cen- 
tury, and built of a stone similar to that of Mansfield, is generally in good con- 
dition. 

Spofforth Castle, Yorkshire (Hth century). Of coarse red sandstone, generally much 
decomposed. The dressings of the windows and doors, of a semi-crystalline mag- 
nesian limestone, are in a perfect state, the mouldings and enrichments being eminently 
sliarp and beautiful. 

Studley Park, Yorkshire. Banquetting house* about 100 years old* of yellowish mag- 
nesian limestone* in perfect condition. 

Thorpe Arret Village. The houses generally of this village arc built of magnesian 
limestone from the vicinity ; they are in excellent condition, and of a very pleasing 
colour. 

Thorpe Salvik, near Worksop. Manor-house (15th century), in ruins. Of a siliciferous 
magnesian limestone and a sandstone, in unequal condition ; the quoins and dressings 
are generally in a perfect state. Pariah Church (15th century), also of a siliciferous 
variety of magnesian limestone and a sandstone, in unequal but generally fair condi- 
tion. A Norman doorway under the porch is well preserved. 

Tickhill Church, Yorkshire, (15th century). Of magnesian limestone* in excellent 
condition. The lower part of the tower (of the 12th century) also in fair condition. 

York. Ancient Building e : Cathedral (transepts, 13th century; tower, nave* &c., Hth 
century). Of magnesian limestone* from Jackdaw Craig. West end and towers 
restored thirty years since ; they are generally in fair condition, but some of the 
enriched gables and other decorations are obliterated. Tlie transepts are in many 
places much decomposed, especially in the mouldings and enrichments. The central 
tower is generally in good condition, but several of the enriched parts are decom- 
posed. St, Marg'e Abhty (12th century), of magnesian limestone. West front of the 
church generally much decomposed ; the north flank in better condition, but in parts 
much decomposed. The gateway, which is of Norman origin* is in fair condition. 
Roman MuUangular Tower, Built of sntaii stones ; such as are of magnesian lime- 
stone are in good condition. St. Denie'e Church, Norman doorway, of magnesian 
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limeilone ; south side hiprhly enriched with tig-sag and other ornaments ; the ooliimns 
are gone; the parts which remain are in good condition. St, Margaret'* Church p5tb 
century of magnesian limestone; east front much eiposed, and in good condition. 
The porch is of Norman date, and has been reconstructed; four bands of enrichment 
in the head, in tolerably fair condition, but many stones, particularly those of a deep 
yellow brown colour, are much decomposed. The other churches of Vtork (which are 
of the 14th and 15th centuries) are built of magnesian limestone, and are generally in 
an extremely decomposed state ; in many instances all architectural detail is obliterated. 
Mxlst't Buildings : The Museum, of Hackness sandstone, built nine years since, 
much decomposed wherever it is subject to the alternation of wet and dry, as at the 
bottom of the columns of the portico, plinth, &c. Thk Castlk (recently erected); 
the plinth of the boundary wall (which is of llramleyfall sandstone) already exhibits 
traces of decomposition. Fork Sewings Bank. Huddersfield stone (?), in good 
condition. 

Worksop Church (principally of the 13th century), of a siliciferous variety of magnesian 
limestone and of a sandstone ; in very une(]ual condition. Some parts are very much 
decomposed, whilst others are in a perfect state. 
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1666. In the above table the names of the quarries are inserted under the genera] divi- 
sions of the different species of stone, and the specimens were considered as fair average 
samples of the workable stone in such quarries 'J’he experiments were conducted by 
Messrs. Daniel and Wheatstone. As a conclusion to the report, it may be satisfactory ^o 
name the actual stones used in the construction of the first portions (1840) of the Houses 
of Parliament. The foundation was laid with Penryn granite, rising to the level of the 
grojind, therefore but 1 ttle seen. .Above it is Fog-tor granite from Dartmoor. A small 
portion only of the superstructure, to the top of the l«scment windows, was built with 
Bolsover Moor stone from near Chesterfield; after which Anston stone was used for the 
remainder of the outside works. In the interior, Painswicic and Caen stones have been 
employed ; St. Stepl)en*s crypt is of Beer stone. It has been asserted that had Govern- 
ment employed a supervision at the quarries to prevent imperfect blocks being sent up 
to London, the pre.sent un.sightly appearance of many parts of the building would not 
have resulted. 

1666a In par. 1500-1502 is' supplied tables of the crushing weights of many of the 
stones herein mentioned. Hereto is added a further table of the mights of a large number 
of building stones, taken from the one prepared by the late C. H. Smith for R. Hunt’s 
Mineral Statistics of the Uniud Kingdom, ^c. Part 11. for 1858, published 1860 ; it waa alio 
given in the Transactions of the Institute of British Architects, 1859-60. 
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1666c. In the year 1 856, the present eHitor contributed to the 6852-3) 

a of the Building Stones vsed externally in and near the Metropolis^ n'ith the names and 
dates of erection of the buildings in which they had been used. This list cannot be here 
inserted, but the following are among the stones named :-^Anston, Aubigny, Bath, 
Bramley Fall, Broomhill, Cadeby. Caen, Craigleith, Godstone, Great Barrington, Hare* 
hill, Kentish rag. Yorkshire stone, Ketton, Portland, Prudholme or Prudham, Reigate, 
Roche Abbey, Swana^e or Purbeck, and Whitby (Egton Quarries) stones, besides 
Granite, and Flint. Ttie paper by E. J. Tarver, on The Architecture of London Streets^ 
lead May 10, 1887, at the Society of Arts, is also applicable. 

1666a. The North Anston stone of Yorkshire, not mentioned in the preceding Report, 
belongs to the magnesian limestone formation, and is of a yellowish brown colour. As rx- 
amples of its use we point to the Museum of Practical Geology in Jermyn Street, Pall Mali, 
m the fa 9 adt'sof which there is scarcely a bad stone to be seen. 'J'his well conceived struc- 
ture was erected from the design of James Pennethorne during the years 1837 to 1848. 
At the New Hall and Library, Lincoln’s Inn, designed 1843-45 by P. Hardwick, U.A., 
this stone is in a lamentable state of decay, occasioned (as is re])orted in the discussion 
on G. K. Burnell’s paper, On Buildtng Stones^ ^c., read at tl)e Society of Arts in 1860), by 
the use of two particular beds, the blocks of wliich were in a state of decay before they left 
the quarry, and supposed to have been selected by the builder as yielding him the best 
profit. 'Hie labour upon Anston stone is intermediate between Yorkshire and Portland 
stones; it can be obtained of any required dimensions. The office of the Anncable Life 
Assurance Company, in Fleet Street, was erected 1843, with the Mansfield Woodhouse or 
Bolsover stone, in the facade of which there is scarcely any trace of decay. 

16660 . From the Mansfield quarries are now sent up the r*'d Mansfield stone, the white 
Mansfield stone, and the yellow magnesian or Bolsover limestone 'I’he former is much 
introduced for colonnettes, short shafts, and bands in coloured coursed ashlar work. For 
similar decorative work, the following stones have been used (1865) at the new offices of 
the Crown Assurance Company in Fleet Street; namely, Portland stone in the piers and 
ca(>s; Forest of Dean, red Mansfield, and blue Warwick; in other portions of tl»e front ; 
and Sicilian marble over the arches. 

i666f In consequence of the reintroduction of Portland stone of late years, we would refer, 
in addition to what has been stated on p. 467, as to the quarries of Portland stone, to the 
article Lithology, written by the late C. H. Sinitlt, and published in the Transactions of 
the Institute of British Architects, 184‘2. Also to a report, published in the Builder of 
1863, p. 859, by F. A. Abel, being the result of his examination into the comparative 
(jualities and fitness for building purposes, of samples of stone from different quarries, 
and made under tlie direction of the lnsf)ector General of Fortifications. 

1666p. These results “show that all the superior descriptions of * whit bed * stone 
combine strength and compactness in a considerably higher degree than the varieties of 
* base-bed’ stone. Some kinds of the ‘ whit-bed * stone, however (i.e. those from the New 
Maggot and Inmosthay quarries), though rankijig with the best as regards strength, ex- 
hibit a greater degree of porosity. Again, othvf ‘ whit-bed * stones (from Old Maggot, 
Waycroft, and Independent quarries) exhibit but little superiority, in point either of 
strength or compactness, over the generality of the * base- bed * stones, and are, indeed, 
inferior to the best ‘ base- bed ’ variety.” 

1666A. “The ‘base-bed’ stones are, undoubtedly, more generally uniform in structure 
than those of the ‘ whit-bed ; ’ this being mainly due to the comparative freedom of the 
former from distinct petrifactions. 'I'hough such petrifactions were shown, by the results 
of experiments, to impart, in many instances, great additional strength to the stone, they 
frequently give rise by their existence to cavities sometimes of considerable size, which 
not only serve to weaken those particular portions of the stone, but may also, if they exist 
in proximity to exposed surfaces of a block of stone, promote its partial disintegiq|^ion by 
the action of frost. Greater care is, therefore, unquestionably required in theielectiou 
of ‘ whit-bed * stone than need be employed in the case of all the better varieties of ‘ base- 
bed ’ stone.” 'I’he results of my experiments lead me to the following conclusions regarding 
the comparative merits of the various descriptions of Portland stone in question, for 
building purposes; — 

“ For External work, in the order of their merit ; — I. Stone from War Department 
quarry, ^ern Hill; and ‘whit bed’ stone. Admiralty quarry. 

1 1. ‘ Whit bed ’ stone. New Maggot quarry ; ‘ base-bed * stone, Admiralty quarry (tbia 
may be considered quite equal in quality to ‘ whit-bed ’ stone); and ‘whit-bed* stone, In- 
mosthay quarry (particularly adapted from its texture and uniformity for ornamental work). 
III. * Whit-bed’ stone. Old Maggot quarry *. a marked LI ; and b marked IT and IE. 
7be *ro^h * stone, from War Department quarry, is an invaluable stone for external work 
in localities where any considerable strength and power of resisting mecltanical wear are 
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required, as ki oonneetion with those porticos of work which may heoome exposed to the 
continual abrasive action of water. The rough ‘ whit-bed ’ stone from Admiralty quarry, i« 
also a highly valuable stone for work of a similar kind, where great strength is required, and 
narticaWly where the numerous irregularities in the * roach * stone may be objectionable. 

For Internal work, the following rank highest, onaccountof uniformity and comparative 
strength : — * base-bed ' stone. Old Haggot quarry, IT ; * whit-bed * stone, Independent 
quarry; ‘base-bed* stone, Waycroft quarry; and ‘base-bed* stone. New Jlaggot 
quarry. The following are inferior to those just named, both in texture and uniformity 
* Whit-bed * stxine, Waycroft quarry ; * base-bed ’ stone, Old Maggot quarry, IE ; and 
‘ base-bed ’ stone, Inmosthay quarry. The ‘ base-bed ’ stone, from Old Maggot quarry, 
marked LI, and that from independent quarry, are of low quality, as compai^ with the 
remainder ; and no reliance can be placed on the durability of the ‘ roach ’ stone frcm 
Independent quarry, judging from the specimens received.” 

1666i. Hopton Wo^ stone, is obtained from quarries situated near Middleton and Wirka- 
wortb, in LerbyAlre.in the mountain limestone districts of that part of the country. An 
analysis of it gives: — lime 56*09, magnesia *17, carbonic acid 41-30, water *16, organic 
matter *06, siliceous matter insoluble in acids *15, oxide of iron TO, alumina a trace, and 
silica soluble in acids a minute trace « 100 02. It is well j sdaptod fpy paviiig 
owing to the closeness and evenness of the grain; these "pro^rties give this stone ife 
principal recommendation ; its durability does not depend, apparently, upon any necessity 
for placing it on its quarry bed. The late Mr. C. H. Smith has stated in the Builder, 
1864, p. 912, that “these extensive quarries have been worked from time immemorial ; the 
material is decidedly marble^ for it is fine grained, compact in texture, and quite hfivd 
enough to take a brilliant polish. The colour is a pale brownish white, certainly as white 
as Sicilian marble, which approaches to a bluish grey. It is much heavier than Portland 
stone, but lighter than Carrara marble. Blocks of very large dimeusions may be obtained 
free from serious defects ; and as it is an aqueous formation, hard, and well crystallised, 
there is no doubt of it standing weather extremely well. Both material and workmanship 
ire less than those of Sicilian marble. A quantity of it was laid down about the year 
1854, for foot-pavements, close to the Parliament Houses in Old Palace-yard, and part 
of Abingdon Street ; and, though in constant use, no symptoms of decay, or of the sur- 
face wearing away, are perceptible.” 

1666y. Bath stone ( noticed p. obtainad from several quarries in the 

neighbourhoocTbfTEe city of Bath, in Somereetshire. Its colour, a light cream, is more 
agreeable than the cold tone of Portland stone; its texture is similar, but as it is softer 
and more absorbent, precautions must be observed in the manner of using it, and to 
prevent its rapid decay. It may be sawn dry. Much depends on the bedding of the 
stone in the works. The Corsham Down stone is usually free from the bars anti vents 
which are found in the Combe Down stone ; it is a sound stone, blocks being obtained ol 
any movable dimensions ; the beds vary from 1 foot to 4 feet in thickness. It is finer in 
texture and more regular in quality than any other description of Bath stone, and is well 
adapted both for external and internal purposes, except plinths. Below the beds of good 
stone are two beds of a harder quality, called Com Grit, which cannot well be used foi 
any purpose on which labour is required. It does well for steps and landings. One ol 
these beds runn 2 feet 9 inches deep; the other about 4 feet 6 inches. The blocks 
averflge 24 feet cube. Combe Down stone, when well selected, is considered to be an excel- 
lent weather stone, fcr use in plinths, copings, and other work ; but the blocks have bars 
and vents, which are defects. The beds vary from 10 inches to 4 feet 6 inches in thick- 
ness, and are occasionally found up to 6 feet ; in length from 6 to 6 feet ; wi h an 
average size of block of about 16 feet cube. Box Ground stone is coarse in texture, but 
sound in qiwlity, and a good weather stone; harder than Combe Down stone, and with 
less vents. The beds vary from 1 to 4 feet in thickne'*s, with blocks of overage size of 
20 cubic feet. Farleigh Down stone is at 8-*mo distance. The upper or white beds vary 
in thickness fTom 10 inches to 2 faet 6 inches. The lowtr or reddish beds are coarser in 
texture, but are supposed to stand ihe weather better than the upper beds, which are more 
suitable for internal purposes. The average size ot block is 14 feet. 

166GA:. The Monk’s Park quarry stone is stated to be durable and reliable, with uniformity 
of colour and evenness of texture. Bath stone, on the whole, is one of the most fragile 
of freestones, for when first quarried it is as soft as cheese, and although it hardens in 
the open air to some extent, yet it. soon disintegrates, as it consists only of minute 
globules cemented together by yellowish earthy calcareous matter, and contains a consider- 
able portion of broken shells. It has been said that fop outside work the stone from 
Murhill Down quarry and the weather bed of the Combe Down quarry are the only 
two stones that will really stand the weather. This material has been well described by 
writers in the Builder for the years 1845 and 1860, and the detailed mode of working at 
the quarries in 1862, p. 613. The weight of Bath stone is about 123 lbs. per cube foot, 
<ii d the crushing weight about 1800 to 2000 lbs. per inch superficial. In an experiment 
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in 18#4, n 8-inch cube of Box Bath stone crashed with 8 tons 7 ewfs. 0 qr. 16 lbs., 
while the same of Corsham Bath stone crushed with 11 tons 11 cwts, 1 qr. 20 lbs. A 
l^inch cube Box Ground crushed with 1 ton 8 cwts. 8 qrs. 12 lbs., and another of Corsham 
^th 1 ton 10 cwts. 2 qrs. 4 lbs. In some other experiments Box Ground stone was first 
feictnred at an average of 46 tons 6 cwts. 2 qrjB. 22 lbs., and crushed at 64 tons ; 
while Corsham was fractured at 73 tons 14 cwts. 1 qr. 4 lbs., and crushed at 
83 tons 2 cwts. 3 qrs. 12 lbs. ^ , 

16661. The BaXh Boynton quarries supplied the stone for Queen Square, at Bath ; it is 
the coarsest, hardest, and most expensive and most durable variety. The Combt Dotvn 
stone from Bath Lodge Hill quarries is softer and finer grained, is said to have been 
used between 1808 and 1822 in the restoration of King Henry VU.’s chapel at West- 
minster; while Farieigh Down stone from the Jllonckton Farleigh quarries is said to 
hare been used from 1821 to 1840 on the north side of Westminster Abbey, since renewed. 

1666m. Messrs. Pictor and Sons, Messrs. Randell, Saunders & Co., Mr. Isaac Sumsion, 
the Corsham Bath Stone Co., Messrs. R. J, Marsh & Co., Mr. S. R. Noble, and Messrs. 
Stones Brothers, have amalgamated the several Bath stone businesses into one, under the 
style of ** The Bath Sfone Firms, Limited,” with the oflBce at Bath. A vast quantity of 
Bath stone of the best quality is thrown away at the quarries because the pieces are 
not of sufficient size to make useful blocks. These would yield a large and reliable supply 
for asl^, quoins, &c., to serve as inside linings to walls with advantage, as non- 
cracking and non-peeling, absence of water trickling down the wall, uniform and mellow 
tint, and far better appearance than cement or plaster. 

1666n. jincaster stone from quarries near Grantham has been used locally for upwards of 
five hundred years. It is an oolite (p. 459), a good-looking stone, easily worked, and, though 
soft when first quarried, becomes hard with exposure, and is very durable. Wollaton Hall in 
Nottinghamshire, and most of the ancient churclies in Lincolnshire, are built of this stone, 

16660. Hollington atone, asandl^ne from near Ashbourne, in Staffordshire (p. 466), or 
Rocester, near U ttoieter. The ttbnift qualities are— fine, m^ium, and very coarse. 

]666p. Little Casterton atone, an WIte, Irom quarries near Stamforrl, Lincolnshire, is 
now used in lieu of the Barnack stone fomierly obtained from quarries in Northamptonshire, 
long since abandoned. It is said to be of a compact character, to stand all weather, and to 
have been used in waterworks. It works freely with the saw. It is about 4 feet thick 
in the bed, and can be raised in blocks of large size ; III ashlar work it is not essential that 
it should be placed on its quarry bed. The colour is of a lightish brown, resembling 
Ketton and Bath stones. 

1666^. Tisbury, in Wiltshire. The quarry gives a calciferous sandstone, close and fine 
grained, of a light greenish-brown colour; a good weather stone when placed on its bed ; 
easily worked with the saw, or with sand and water, when in block, and carries a fine 
arris. The Chilmark and the Wardour quarries also give stones of the same qualities. 
Their chemical composition, specific gravity, and resistance to strains, are the same as 
those of Portland stone, in which they are placed geologically, but they have more grit. 
The ChUntark stone, a siliciferous limestone of the same colour, was used for Salisbury 
Cathedral, 1220-68 (p. 467)* It is very non-absorbent, and weighs 153 lbs. 7 oz. These 
stones have been used from 1864 in the restorations at Westminster AhiMy. The houses 
at Tiebury, built generally of Tisbury stone, are in very good condition, tfcftrilole covered 
with lichens. The Chilmark stone does not absorb one thirty-sixth of lUi bulk, while a 
specimen of Cadeby stone absorbed one quarter. The latter absorbed 619'8 grains, 
the former only 67*6 grains. This table shews its chemical analysis : 


Name of Stone 

Uinersl designation 

Bllica 

Carbonate 

of 

Lime 

Carbonate 

of 

Hagnesia 

Iron 

Alnminn 

Water 

and 

Loss 

Chilmark 

Limestone Siliciferous 

10-4 

79-0 

3*7 

2-.0 

4*2 

Portland • 

Oolite - - - 

P20 

95*16 

1-20 

0*60 

1*94 

Bath Box 

Oolite - - - 

— 

94-62 

2-60 

1*20 

1*78 

Mansfield 

Sandstone 

49*4 

26-6 

16-1 

8*2 

4-8 

Park Nook 

Magnesian Limestone 

— 

66*7 

41-6 

0*4 

23 


!666r. The V trough ” or “hard ” bed is of a close, even texture, of yellowish-brown 
colour,, weighing 143 lbs. to the foot cube in its ordinary state. It will bear a tensile 
strain of 600 lbs. per square inch, and a crushing weight of 196 tons per foot super. 
The average bed is 3 feet, and it can be obtained of any reasonable length and breadth ; the 
random rubble blocks average 16 cubic feet. The “ Scott ” or “ Brown ” bed is oi a warmer 
colour, weighs 136 lbs. per foot cube, bears a tensile strain of 206 lbs. per square inch, 
and a crushing weight of 104 tons per foot super. The average thickness of the bed 
is 8 feet 6 inches to 4 feet. The random rubble blocke average 16 eubio feet. This bed 
is principally used for ashlar, mouldings, carving, balustrades, plinths, cornices, coping, 
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&c. The ** Oene»*al bed ** of the Oarden qtfarry suppliee a etooe of a rich yellow tint and 
fine texture, applicabie to the moat elaborate di'signat eq^nal to Caen, and snperinr to it 
in colour and durability. It will bfar a tenaile strain of 865 lbs. to the square inch, and 
a crushing weight of 100 tons per foot super. Thickness of bed from 4 to 6 feet. 

1666s. Ketfon stone is an oolite, from quarries in Butlandshire (p. 460). It is rery 
similar to Bamack stone in colour, being a warm cream tint, bat is harder and more 
difficult to work ; from some cause at the quarry it is more expensire. It bears a much 
greater crushing weight. 

1 666^. Bobin Hoodt Path Potter Bemtofif Bretton, and Hare Htll are among the 

Yorkshire stones now much used in sawn landings and slabs, and steps. Potter Newton 
and Hare Hill in blocks, with Portland and Bramley Fall. 

1666z^. Endon sione^ from near Macclesfield, is put forward as the best of its class, 
and as having been quarried for nearly one hundred years. It is of a hard and fine 
texture, almost non-absorbent, bright in colour, and of great durability; it is sawn out of the 
solid rock, not being a laminated flag rock. It is used tor bases, steps, hearths, landings, 
thresholds, &c., wall courses, tombs, kerbs, setts and channel stone, and other purposes. 

1666y. Corncockle quarry, one of the oldest of the new red sandstone quarries in the 
south-west of Scotland, is situated about three miles from Nethercleugh statii n, on the 
Caledonian railway. It is obtained in any sized blocks up to 10 tons. The colotir is a 
light red, and very uniform ; slight black streaks occur here and there, which art % form 
of mica, but they disappear entirely after twelve to foorteen months’ exposure. The beds 
are from 1 to 3 feet thick, with an occas'onal one up to 4 feet 6 inches. The stone is 
c*on8idered locally to be the most durable of all the Dumfries red sandstones, and to keep 
its colour best. It contains a very high percentage of silica, and stands frost well, as also 
the sea air, and is a free-working although a strong stone. Its crashing strain is 
2 38 tons per square inch, applied on a block of IJ inch cube. 

1666». Prudham quarry is situated near the Fourstones station, on the Newcastle and 
Carlisle railway. The stone is of a light creamy-brown colour, very strong aud durable, 
and the crushing strain is 2 834 tons per square inch. It is well knjwn iii the north of 
England and south of Scotland. It was used in the central station, post-office, and 
other buildings at Newcastle; the town-hall and corn-market at Hexham, and in other 
towns ; also in London, at the Army and Navv Hotel ; St. James’s Residential Chambers, 
Duke Stjeet, Piccadilly; and at Winchester House, Old Broad Street (1686). 

1666a:. Sooiyaie Ash stone, nUo called Patdey Bridge stone, near Leeds, is a sandstone 
cf the millstone grit series. The quarries afford every class of Yorkshire stone, so that 
it is stated a building of any size can be supplied entire, without going to several quarries 
for the stones requir^. Landings up to 130 feet superficial, suitable for bard wear; one 
(in 1876), being 17 feet 6 inches long by 7 feet wide, was supplied fora floor and ceiling in 
a London bank. The crushing weight is over 700 tons per super, foot. It resisSts the 
strongest acids. The stone is similar to Rlland Edge, Idle Moor, Park Spring, and 
others. It was used at Fountains Abbey. 

I660y. The Spivkwell and CHf' Wood quarries are situated at Bradford, and are 
now considered to be among the best <«f the Yorkshire quarries. These stones have been 
largely used in London and throughout the kingdom, as at the town-halls at Manchester 
in 1868, at Bradford in 1870, at Wakefield, 1877, &c. The crushing weight is 7,647 lbs. 
per cubic inch, as tested by Sir W. FairLaim; Aberdeen granite being 7,770 lbs.; 
Portland stone being on bed 2,600 lbs. It contains 88*6 per cent, of pure silex. 

1666^. There ore several red-coloured stones now in use in London and elsewhere. 
The lied Corschill stono is obtained from quarries near Annan, Dumfriesshire. It is a 
fine grained micaceous sandstone from the lower new red sandstone. It is of a rich red 
colour, even texture, and of great durability ; some beds are a bright pink. Its crushing 
weight is 609 tons ; that of Bramley Fall 266 tons. Jt was used for the Hand-in- Hand 
Insurance Office in 1873. The red Dumfries stone differs from it. The edifices in that 
town are built ot stone from Craig, which is of moderate hardness and durability ; 
and also from Locharbriggs. Shawk stone is from quarries in Cumberland. It is red in 
colour and a fairly good s^one, very similar in quality and texture to red Corsehill, but 
runs in very much smaller sized blocks, and in much thinner lifts. All up the valley, 
there is a very large quantity of stone covered with a great depth of ddbris, which is 
stone of a coarser texture. It is loaded at Cwithwaite station, on the Maryport and 
Carlisle line. It has been used at the stores in the Haymarket. It is supposed to dry 
red, and not ahiten on the surface, as do some red stones. The red Man^eld stone (par. 
1666e.) has blocks which vaiy in beds fhim 1 to 7 feet thick, and has landings of very 
large dimensions. The de^p bed, selected quality, is esteemed for durability, fineness of 
grain, and ^lendid colour. 

I666aa. The. Minera stone, from Berwig quarriee, Minera, neap Wrexham. They 
are eituatedat some distance from the outcrop of the Wrexham coal field, close a<ljoining 
the carboniferous limestone. The stone diners in character very materially from the 
whole of the sandstones found in the Wrexham and Ruahon coalfields, being much most 
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lurable. It noarly resembles the Barley Dale stone in colour and appearance, and is 
considered by many judges superior in every respect 
Analyeis of this freeatone, by H. K. Bamber, F.CJ3. ; 
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The beds run from 1 to 5 feet in thickness, and blocks of any size can be supplied. 
The stone costs considerably less to work than the best of the Yorkshire stones. It is 
much less absorbent than any other stone, and is not affected by atmospheric changes, 
by damp, smoke, or chemic^ gases. It is very strong, and capable of sustaining a 
greater crushing strain than most other stones. It was used largely Ht the Municipal 
OflSces at Liverpool, by Mr. T. H. Wyatt, as well as at Owens College at Manchester, by 
Mr. Alfred Waterhouse, R.A. ; also the Nathnal Safe Deposit Company’s premises in 
London, by Mr. James Whichcord, who in 1876 wrote : “After seeing and testing various 
samples of sandstones, I decided upon adopting the Minera stone for its fire-resisting 
qualities ; a block of it about 6 ins. cube was put into the middle of a furnace, where it 
remained for about an hour and a half. It was then taken out quite perfect, and on 
being plunged into cold water it neither cracked nor calcined in the least degree. Its 
cost in London was alMt the same as Portland stone, and it was quite as hard to work. 
The coarseness of the^ain rendered it unsuited for small mouldings or delicate carving, 
but as solidity and bmdness were requi^-ed in this particular design, no difficulty was 
found in adapting the detail to this condition.” The weight is about 138 to 143 lbs. per 
cubic foot. The Moss and Cefn quarries afford a softer variety of the same stone 

166666. The Mountain Ixmttione is highly absorbent, but, according to Mr. E. Clark’s 
experiments for the Britannia Bridge, it is of the extreme density of 13^ cubic feet to 
the ton, as great as the average density of granite. It resisted a crushing weight of 
7,576 lbs. per super, inch, whilst granite resists about 8,000 lbs. As linteis, it has been 
used in stones 24 feet long, 1 0 feet wide, and 4 feet thick, which must have been per- 
fectly homogeneous in character or they would not have borne the shocks they were 
exposed to in the woxkshops, or have carried the weight that was brought upon them. 
This stone yields with great ease to the plate saw, as it is compost'd of a pure carlionate 
of lime, is sub-ci^stalline, and without planes of bedding; granite cannot be sawn by 
the ordinary methods. There are several localities where the mountain limestone occurs 
in great abundance, and where the experience of centuries as to its powers of resistance 
to the atmosphere, or to tidal action, can be brought forward. It is met with in great 
masses in the hills that constitute the lower counties of England and Scotland ; it forms 
the range of the Derby hills, the Mendip, the hills round Plymouth, those of the Great 
Orme’s Head, the mainland of Anglesea, the outcrop of the carbon'ferous series of 
Ruabon, and many oth**! places in England. In Ireland this formation is largely 
worked, as at the Sheephoiise quarries, Drogheda, by A. and N. Hammond- In Belgium 
it is universally used in all cases where it is desired to unite strength with durability, as 
in docks, river and canal works. The price of labour upon this material must be at 
least half as much as that on granite. The late Mr. Burnell, in Practical Mechanic^ 
•/ottnia/, 1866, notices that it was excluded from the Thames Embankment works, because 
it was considered objectionable on account of its being worked by the saw with sand ; 
because it was feared that the planes of bedding would be distinctly marked, and would 
easily yield under the influence of the weather; and on account of the action of the acids 
present in Thames water. 

1666cc. We do not purpose to enter into a description of quarrying stone; but would 
refer to the useful treatise by Burgoyne, published among Weale’s Elementary Treatises. 

I666dti. The Kentish ragstone is a limestone with a very small proportion of earthy 
matters, frequently subcrystallme, but ordinarily of a confused texture. When well chesen 
it is very bard and dense, and the labour upon it so expensive that it is very rarely used 
for anything but rubble masonry in districts remote Irom the quarries. The custom has 
been, therefore, to execute all the moulded or carved portions of the buildings in Caen or 
Bath stones, and even to carry up the quoins and jambs in those materials, whilst the in- 
tervening spaces, or the wall, are filled in with the rag. The colour varies from a lightish 
green to a deep blue, and although the colour of the two materials is at first very di&renr, 
a few years* exposure causes them to harmonise in tint. 

1666c^. The district in which ragstone is quarried extends about thirty miles east and 
west through the central Kent, and averages from four to ten miles in breadih, 

comprising the towns of fiipnoaks, Maidstone, Lenbam, &c. Reigate or firestone, and 
Tunbridge sandstone, are «K Afforded by the saiAe formation, greensand. The ragkooe 
is found in beds varying six Inches to three feet in thickness, alternated with fine 
•and known as Hassock, whilrin soifie becomes so consolidated as to form an occasional 
useful anxiliaxy to the The quality of the rag differs vety greatly, 



Cwl9.1L 


STONE. 


477 


ficcording to the place in which it is quarried ; some quarries only yielding stone of a herd 
flinty natural almost unfit for building, while the stone obtained nom others is almost as 
free working as Portland stone. The finest qualities are at present obtained from quarries 
situated at Iroughton, near Maidstone, where they have been worked for several centuries. 
A section of them is given by J. Whichcord, in his pamphlet on the subject, published 
in 1846 ; wherein also are given the local names of the various beds. 

1666Jf. Flint work. This material, as used for a description of nibble work, was formerly 
much employed in the counties of Cambridge, N< rfolk, Suffolk, Sussex, and Ken^ where 
the chalk formation abounds, and is still us^ for the pu^se in such localities. Flint is 
the name accorded to the nearly pure siliceous earth, which by the action of fire becomes 
opaque and white, and is harder than quartz, which it scratches. The colour is usually 
grey, of various shades, but is sometimes black, brown, red, and even yellow. Flint is 
fragile, with a perfect and large concboidal fracture, and, being rarely laminated, it is 
broken with equal facility in almost every direction ; the fragments are sharp. Xu the 
chalk formation it occurs in regular beds, consistiilg either of nodules or of fiat tabular 
masses. At Brandon, in Suffolk, one of the placed where flint forms an article of com- 
merce, it is obtained from pits sunk in the chalk, which is within 6 feet of the surface. 
The first stratum is found in the clay overlying the chalk ; when this has been removed, a 
shaft is sunk 6 feet in depth ; if no Hint is there found, a tunnel is driven for three feet 
horizontally, and another shaft is sunk ; and so on alternately with tunnel and shaft till a 
depth of 40 feet is reached. The flint is found in floort about 8 feet below each other, 
and is obtained by tunnels being driven, sometimes a furlong in length, und^r each floor, 
and the flint broken down by crowbars. The small tunnels in the shaft form tables, upon 
which men stand and hand up the flint to each other from below to the surface; no ma- 
chinery or tackling is used. 

1666^^1^. Flint is split upon the workman’s knee, by sharp blows from a hammer with an 
oblate face, and squared upon a steel stake let into a wood block, with a blunt axe formed 
by passing a handle through an old flat file about a foot long, the cutting edge being 

inches wide by ^ of an inch thick. (See Specification). 

French Building Stones. 

1666AA. Of these stones imported into the London market, a few only will be men* 
tioned. Aubigny stone is stated to be obtained from quarries situated at St. Pierre 
Canivet, a short distance from Falaise, in Normandy. It is probably of the same nature 
as Oien stone, namely, oolitic, but much more crystalline m its structure, with setni- 
transparent crystals, showing no appearance of ova; very fine grained; as hard or harder 
than Anston stone; nearly as heavy as granite; and able to support a greater crushing 
weight than Caen stone; when worked it requires to be sawn wet with sand. There are 
two workable beds, one averaging 24 inches, the other 15 inches, in thickness. Q. K. 
Burnell (in his remarks on the works at Bayeux Cathedral, read at the Institute of British 
Architects, 1861, p. 257) stated that he “ was convinced the use of Aubigny stone in London 
would be attend^ with danger. M. Flachat chose this stone because it yielded more 
satisfactory results under the trials to which he exposed the various local stones, so far 
as their resistances to crushing weights were concerned ; but his assistants expressly state, 
in their published accounts of the works at Bayeux, that the Aubigny stone yielded easily 
under the action of frost, if used exteriorly, as may be seen in the mediaeval buildings in 
Falaise.” Perhaps the only building erected with this stone in London is that part of 
the old Schowiberg House, Nos. 81 and 82 Pall Mall, which was rebuilt in 1851. 

1666/1. (kten stone is obtained from the great oolitic formation in Normandy, and has 
been imported into England trum a very early period ; but it first appears to be named in 
documenta after the year 1300. There was a cessation of its use after 1448, when Nor- 
mandy was lost to this country ; and it is not until the commencement of the present 
century that its employment hero was resumed. This stone is now generalW obtained 
from quarries situated at Allemagne, a small village on the right bank of the Orne at the 
gates of Caen, or from those of St Germain de Blancherbe, commonly called Ia Malad- 
rerie, the commune immediately adjoining that city, on the left bank. 

1666A:A;. The Caen stone of commerce is of a ptde yellow colour and of a loone open 
grain, which when freshly quarried soils the fingers like chalk, and is very friable. In 
many places it appears to have lost its oolitic character ; and in othera it is harder and more 
Compact, being entirely formed of a species of lamellons spath, without any trace of oolites ; 
the latter appearance is, however, principally to be observed in the beds which are worked 
between Caen and Falaise ; at Allema^e and La Maladrerie the former prevails. Neither 
of these two latter q^uarries appear to have been opened for any great length of time, the 
•tone used in the old city having been chiefly got on ita site ; and it is remarkable that the 
portions of the public btiildings which required stones of lar^r dimensions than could be 
obtained from the upper beds of the oolitic formation immediately around the town were 
axeouted in the Creuilly, Rauville, or Fontaine Henri stones, never in the stone obtaiotd^ 
from the beds now worked exclusively for both the French and the English markets, and 
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whi<i}i beds hsTe l»een' rendered available with the advance of mechanical science. Tb# 
apper beds, called the bancs de bittest which jrielded the stone in olden times, is generaU;f 
speaking of a harder character, of a finer grain, and presenting a more crystalline appearance 
than that obtained from the lower beds ; bat evr& in these upper beds care is required in the 
selection, for the texture is far from uniform; while the sm^l size of the stones is too o* tea 
considered an objection to it, as the eight layers, between each of which occurs a bed of fiini 
2 inches in thickness, are of variable depth (between 11 inches and 26 inches), being about 
18 inches on the average. 

1666^. The lower beds comprise the banc de chambranlCf 16 inches thick ; the basic de 
detuc piede un quarts about 30 inches English thick, yielding a good stone, disfigured on- 
fortunately by the fossils it contains; the bane rouqe^ 22 inches thick, of very bad quality 
and stains by ochreous iron ore, besides being traversed by numerous vertichl vents; then 
the ffros bcMC, 40 inches thick, a very good stone, but likewise disfigured by fossils; tlie 
banc de fond^ usually from 18 inches to 30 inches thick, of a closer and finer gr.tin than the 
last named; and then the banc de cefUimkres^ of very inferior quality, worked only for 
the immediate neighbourhood. 

1666w»i. Experience proves that Caen stone will not resist the dissolving power of water 
charged with carbonic acid gas; and as the rain water of our large towns contnins a con- 
siderable quantity of that gas, it is not expedient to employ this stone in any situation 
where water is likely to lodge, or even to be taken up by c piliary action, unless, indeed, the 
projecting parts be protect!^ by metal. In upright walling above the plinths, and in the 
sheltered portions of cornices, it can be employed when judiciously selected ; and in internal 
work, with safety and economy. The bedding of the stone should be observed. From the 
state of some buildings at HAvre, it is considered that sea air is particu arly destructive to 
this stone ; and it is generally believed that the stone from La Maladrerie is inferior to that 
from Allemagne. In C/aen itself, the plinths or basements of houses are executed iu 
granite, or in Ranville, Cherence, or Creuilly stones, which are practically non-absorbent ; 
and, moreover, the Creuilly stone is used in the best buildings for the exposed portions of 
the elevation, although, of course, Caen stone *' is found at the very gates of the town. 

I666;m. More lengthened notices will be found in the accounts given in the BuVder, 
vols. vi. and vii., entering into the qualities of the stone, from personal surveys of the 
quarries. When freshly quarried, this stone can be cut with the toothed saw, and carved 
with ordinal^ chisels, even more easily than Bath stone. 

1666of9. The new facade of Buckingham Palace, erected in 1846-7, is perhaps the most 
remarkable failure of Caen stone. Mr. H. T. Hope’s house, in Piccadilly, built 1849-60, 
has been considered one of the best specimens of its employment in London, as it has 
stood well. The projections wore protected by lead or by slates. The crushing weight of 
Caen stone is about 2800 lbs. per inch superficial. 

1666pj9. The Charente stone is a raagnesinn limestone of good quality, has been used 
in France from time immemorial almost exclusively, not only in the departments which 
produce it, but also on the sea coast, for Government works, as lighthouses, harbours, 
fortifications, bridges, docks, &c. ; for churches, and other public and private edifices; 
the chAteau of the Emperor Napoleon III. at Biarritz, and other villas. Blocks of about 
8 or 9 cubic feet to about 33 cubic feet are always in stock. The quarries are Crazannes, 
Montamenf, St. Savinien, and Ste. Merue, and the average resistance for the square 
centimkre (about *155 square inch English measure) gave about 167 lbs., 162 lbs., 
148 lbs., ana 130 lbs. avoirdupois respectively. 


1666^7 . Table op the Weights pkh Cubic Foot Avoihdupois of some Frbkchi Stokes. 


Caen, Franc banc bed - 116 lbs. 2 oz. 
„ Banc de quatre pieds 1 1 8 „ 01 

„ Gros Banc - - 122 „ o} 

,, Pierre frandie- - 123 „ 3 


Caen, Piere de trente pouces 1 28 lbs. 6 oz. 
Eanvilie, near Caen - - 142 „ 6 „ 
Aubigny, near Falaise - 160 „ 6J 


DECAY OF STONE. 

1667. In the paragraphs 1640 to 1648 have already been quoted some of the causes of 
decay and decomposition in stones, as stated in the Report of the Commissioners, and after 
the lapse of nearly thirty years since its publication but few additional facts have 
ebtained on the subject. One of the most commendable essays relating to it is that by 
G. E. Burnell, read at the Society of Arts, in March, 1860, which is likewise useful for 
the discussion thereon by some of the members learned in chemistry. We quote a of 
the paragraphs for further elucidating some important points. 

\%61a. Atmospheric moisture, when absorbedinto building stones, acts upon them quita 
as much through the changes in its own volume. When the stone is placed in such a 
manner as that water can accumulate in any perceptible quantities between its rariotta 
layers, and the position of those layers be such that the expansion of the water in 
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•tanot Uka placa the reipectWe Uycre eo.iteiDing the '«r«t«r will k* violeDtljr de- i 

lached hrom one enother. This is a mure important cunstUeraiioti in ti>« am of* tlie betkkmg ' 
of stonost and it is unfortunate that the system of coin]>etition tbrowa so great a temptation 
in the way of the practical builder as to render it a mere matter of dtance wliether this 
eonstnictive law observed or not, unless a costly system of supervision be organised, and 
thus the precautions often taken by tlie stone mercliant to indicate the upper bed d the 
material he delivers, are defeated. 

1667&. The chemical reactions which take place in building stones are mainly thow I 
arising fVopi the oxygenation, or the hydration of the various ingpredients of which those | 
stones are composed. These reactions are independent of those rtsulting, in the interior of 
the country, from the agents directly presented by atmospheric moisture in the form of 
carbonic acid gas, sulphur, and ammonia ; or upon the sea-shore, in the form of hydro* 
chloric acid, or of common salt itself, in minute particles. Thus, if the oxide ot' iron be 
present in any notable proportions, it is likely to undergo changes of a nature to disturi> 
the stability of the compound, and even the crystalline sulphates of lime are exposed to 
chemical decomposition, in consequence of the Hheration of the sulphuric acid gas they 
contain. The other mineral salts, such as the ulieates and the sulphates of iron, so often 
met with in building stones, are at times susceptible of very injurious decomposition ; and 
the soda, potassa, or the organic matters the stones may contain, h^uently give rise to 
the formation of new salts ; mainly under the action of atmospheric moisture, it is true, 
hut also under the influence of the partial decompositions which take place around ttiem. 
It is to be observed, however, that the danger to building stones from this peculiar class of 
influences, is very small and very slow in its action, compared with the dangers arising 
from the mechanical disintegration produced by atmospheric causes : and that, with the 
exceptions of the actions of free carbonic acid upon the felspar of granites, the changes of 
state produced in limt^iones by the same agent, and the modifications of the abundant 
salts of iron in some peculiar stones, there is little practical necessity for dwelling upon 
this interesting but obscure branch of applied chemistry. 

1667e. The ac tions capabje of affecting the stability of the composition S)f Jizdkuurf 
b uili^inp Into nes, by reason of the new forms of Tnattertney suptTinduce, ma y principall y 
cnnsidprfd tp tliQse resulting from abfigrj T^n^nf gases of the at m os phere,, and 
^pecjfllj y^ the^i ^cess kn^iri by the name of mtUpHrinp^ of niore gSrTe^ vrnf nitritir^iiMu 
'rhuTpifocCia dlKpfays lllilf in thfe TtifmalTon of minute crystals, efflorescing from the 
interior to the exterior of the stone, and it leads to the destruction of the expose^! surfaces 
of the latter, through the gradual removal of the minute particles, in consequence of the 
disintegration produced by the expansive action of the crystuls in process of formation. 

1667<i. It is supposed that the organic matter diffused through nearly all stratified 
deposits gives rise to the formation of certain nitrates, such as the nitrate of lime and 
nitrate of soda, under the influences of damp, of air, and of light of certain deseripiions 
—for nitrification certainly takes place most abundantly near damp ground, rising in a 
wall pan* passu with the range of the capillary attractions of its materials, and ii|>on the 
northern or shaded faces of the said walls. Not only does this nitrification throw off the 
minute and less adherent particles of tlie building materials tliemselves, whether they be of 
iloNd or 6rfcA, but it is also able to detach any protecting coat which may be put upon 
them, if the adhesion of that coat to the sutijacent material should not be of a \ery ener- 
getic nature. Let the adhesion, however, be e%er so energetic, if once the action of nitrifi- 
cation sliould have been established, it must run its course, and tiie amount of evil it is 
capable of producing will simply depend upon the quantity of organic matter originally 
contained in tlie materials, or susceptible of being abMrbed by them from the atmosphere, 
1667#, Tbe secondary limestones which have not been affected hy plutonic i«ction, the 
loamy clays. Some kinds of pit sand, sea sand, and some descriptions of natural cements, 
are particularly exposed to the danger of nitrification in damp situations, rendering it in 
vain to expect to be able to preserve any mural paintings, or even any sculpture of a 
delicate character. 

1$67/. Practically, then, th e great ag eplflf destruglioP of building stones, i n yy its 
inodes of exhibition, is the jSprqrthe water supplied by thci a tmosphere dtrecUv or 
indirectly ; tbe efforts oflBoBe Wbo seek to'^ prevent this fteSGiiction must be directed to 
combating this primary source of evil. Fortunately the precautions to be observed for 
this purpose are very simple, and they only require a little common sense on the part of 
the builders charged with their application, to the materials at leairt, which have been long 
before the public. The first and foremost rule is never to employ a porous absorlient 
stone in the ground, or in elevation ; unless, in the former case, it be maintained constantly 
wet ; or, in the second case, the absorption of moisture flrom the gtound be prevented by 
tlie in^rpotition of some impermeable material. Porous stones should not be used for 
eopingt, parapets, window-sills, weather-beds of cornices, plinths, strings or other 
nartt of l^uildlng where water may lodge. Care must also be taken to bed such stones 
niorbiii wbioh are not exposed to develops in themselves, or are not likely to exciu 
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m the stones, the efflorescence of any of the nitrntes of soda, potassat or of Ifme, If ^hMis 
{tones be used, it 'will be found that decay will cunimence, and be most a^pareot An thA 
l^e of alternate dryness and humidity, or, as the workmen say, ** between wind and wafer.” 
Rie stonework about that part should therefore be executed in such a manner as to allow 

its being easily replaced, if necessary ; and in case the decay exhibits towards the interior 
[as it will do when the exterior surface is covered with a coating impervious to the air), 
iare must be taken to isolate the decorative plastering or wall linings from the surfaceu 
which are likely to be covered by efflorescence. 

The effects of wind on stone. Wind is ho^h a destroying an d apresejatiagWigent. Us 
iction as a destroyer of building stone consis^in blowing dust and dirty particles against 
;he building; also into the cuttings, holes, and lines in exposed mouldings, filling rheiri 
ip, adding much to the disfiguration of ornamented work. A strong wind accompanied 
^y rain, by blowing the rain hard against a building causes it to penetrate into the stone 
krther than it would otherwise do, and thus the chemical action of the water and the 
.fifects of frost on the stone are increased. The princip al preservaiivc action of windji^ 
n its drving ^out moisture from stone; and the acidsT&c., contained in the moisture haTs^T 
her^ore, led^fUpe to act on it. The actron of the sun has much to dflJFkh the 4 >re 8 ervft' 
joh”^ stone by drying it. S^e exposed to very different degrees of heat DU itp 
faces is liable to crack from unequal expansion and contraction (Wray, On Stone). In the 
paper on The Stones of Egypt ^ read at the Royal Institute of British Architects, Nov. 24, 
1887, Mr. Brindley referred to their decay. Mr W.Topley stated that, under ordinary tem- 
peratures, water got into the pores of the rock, carrying in carbonic acid, which attacked 
felspar, or whatever the soluble constituents of the rock might be. The rock then broke 
down. In northern climates the water froze and the rocks broke off. In a dry climate 
. . . the great alterations of temperature acted so strongly in expanding and contract- 
ing rocks that they broke off as rapidly through heat as with intense cold. During the 
night a cracking sound was often heard by travellers owing to the contraction of rocks 
which had been expanded by the boat during the day. The effect of njire on some exceed- 
ingly durable building stones is very disastrous, and especially on those which were 
formed by heat 

1667^. A committee appointed by the First Commissioner of Public Works and 
Buildings, on the 23rd March 1861, “to inquire into the decay of the stone of the New 
Palace of Westminster and into the best means of preserving the stone from further in- 
jury,” reported on — 1. The extent and position of the decay, II. The causes to which it 
is attrilmtable, taking into consideration the composition of the stone, and the influence 
exerted upon it by moisture, and by the acids diffused in the London atmosphere. III. The 
Best means of preserving the stone from further injury. IV. The qualities of the stones to 
be recommended for future use in public buildings to be erected in London.” This report 
was ordered to be printed 1st August, 1861. It is also given in Adcock’s Engineer « PockeU 
bookior 1862, p, 206-211. 


PRESERVATION OF STONE. 

1667A. Even when all the best precautions, as above detailed, have been taken, it is 
occasionally found necessary to protect the exposed surfaces of the soft and absorbent, or 
hygrometric, stones, with some coating which shall prevent their absorbing the injurious 
atmosphere. This is done in various ways. 

1667i. I. — The objection to this process consists in the fact that, as the 

oil evaporates, th^^SIone becomes again exposed, and even the absorbent powers of the 
stone itself contribute to this action ; thus this costly palliative has to be often repeated, 
to the destruction of any delicate moulded work. 

1667?. ingeciion of oleaginotcs^ fatty ^ or waxy matters', — These, it must be 

evident, can only act mechanically By closing the pores of the stone, and therefore, unless 
the surfaces Be protected from the extremes of heat and cold, the heterogeneous materials 
thus affected must be acted upon in very different manners. Experience has confirmed 
this theoretical inference, ana it has been found in practice that the protecting coats of 
any of the materials alluded to are gradually detached from the stone, and that they 
require to be renewed quite as frequently as does oil painting itself. 

1667Ar. HI. ihf f"'^ a convert the material into an ^ 

nonr-absorb^euhstance : — This is the procesii introducedBj^. Kiihlinann, in^wHich 
the carlK>nate8 of lime are washed with a solution of an alkaline silicate, as silicate of soda, 
or potassa, or “ water glass ” as he called it, with a view to converting them into silicates 
of lime through the elective affinities of the lime and the silica. In some cases this syetem 
has fucceeded, and very great hardness, very great resistbg powers, have been comma* 
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u\cated to the ito^es opMatod upon. But, unfortunately, the action of the silicic aci4 is a 
yary alow one, and when the surfaeea washed in the manner described are exposed to 
rain, it ii 1?y no means rare to find the solution carried away. Another objection is, that 
when the alkaline silicate acts upon the stone, the soda and potassa generally us^ are 
left free, and in efflorescing 4hey are likely to carry away the finer details of the sculpture; 
at ihe same time, as they form to some extent deliquescent salts upon the face of the stone, 
they attract to it a dange^us amount of humidity. This process is only applicable to the 
preservation of the stones in which the carbonates of lime predominate. 

I667f. IV. S y in fAs of , thsMOM with an wsolnblfi material jwMoh eiosdd, 

efFect^llv excluoli^m^ This^may be said to have Tieen effected by the process patented 
by Mr, Kansome. The stone is first cleaned carefully from dust or other extraneous 
matters ; then it is made to absorb as large a quantity as possible of the silicate of soda 
or potassa. When this MuUon has dried into the stone, a second wash is applied, con-i 
sisting of the chlorida«(0f ^Icium or of bai»yta. The silicate of soda and the chloride ofj 
culcium are most fre^lMtly employed ; and the effect of the respective applications is,' 
that a double decompo^on takes place in the washes, giving rise to the precipitation of 
a finely crystallised siliQiie of lime or of baryta in the pores of the stone, and an efflo- 
rescence of extremely soluble salts of the chlorides of soda or of potassa. The former 
remain in the pores, the latter are speedily washed away by rain. As the rate of con- 
traction and ex; ansion of the silicate of lime is, as nearly as may be, the same as that of 
the stone it is intended to protect, there is no danger of the precipitate being detached 
by this cause. This process, in contradistinction to that of Kuhlmann, is applicable to 
limestones, sandstones, bricks, plasters, and cements. It has even been suggested that 
it may be ndvantHgeOusly applied to chalk. 

1067^. It must not be forgotten, however, that it is as important to prevent a 
•tone from decaying as it is to afford a protection to it when that effect has commenced. 
If any internal decay or any organic decomposition, so to speak, be once allowed to 
establish itself in a building stone, it will be impossible effectually to arrest its progress. 
EffloreseChee, for instance, will continue, however effectually the exposed surface of the 
stone may be closed by a mechanical or a chemical deposit, and thus even some of the 
results of Mr. Eansome’s process appear equivocal. The student should make himself 
master of the attempts lately mode to discover a universal remedy for protecting t[y* 
surfaces of various materials. The following inventions were described by the late Sit 
W. Tite, at the Boyal Institute of British Architects, January 1861 : — I. BetheU’s patent, 
1838, perhaps never applied to stone. II. Hutchinson’s, 1847, which has been chiefly 
applied to the Calverley stone of Tunbridge. III. Dame’s, 1864. IV. Szerelmey’s, 
1857. V, Newton’s, 1841. And VI. Eansome’s, 1866. We consider it needless to 
police here the inventions in detail. It is difficult to pronounce on their respective 
merits, but Eansome’s perhaps promised the best results, 

166771. Sylvester, in 1846, suggested the following very useful and simple recipe for 
nroteetin g stone or brickw ork from Ihe absorption of water; it has been repeatedly 
tried, and answers well in exposed situations, but requires a Iresh application about every) 
three or four years. Mix Jib. of mottled soap in a gallon of nearly boiling water, andl 
apply it in a boiling state over the surface of the work, steadily and carefully, with a large 1 
flat brush, making no lather, and filling up the crusty surface of the work, either of brick \ 
or stone. This is to remain for twenty-four hours to become dry and hard. Then J lb, of I 
alum is to be mixed with four gallons of water and left standing for about twenty four / 
hours, so that the alum may be completely dissolved ; this solution is to be applied in the] 
came manner. Sir Q-. G. Scott has used for the internal work of Westminster Abbey a 
solution of shell-lac in spirits of uine, which, squirted into the stone work, appears to 
answer perfectly in securing the face from further decay arising from damp only. He 
also found it of some effect in the open air where defended from rain, but it failed when 
exposed to its action. 

After cleaning down Bath stone of the best quality, it generally may with advantage 
bo washed over with two coats of lime-water prepared as follows : — Fill a tub with water, 
and into it put some lime; stir it up Well when slaked and let it settle. If any impurities 
should rise to the surface remove them, and when clear apply it with a clean brush to 
the stonework. This is an excellent pieservative. and reinstates the skin or crust re- 
moved with the drag, without altering the colour of the stone, (Sumsion, of Bath). 

Tabary's metallic cement has been in use in France during the last twenty-six years, 
under the French government and the municipality of Paris, for restoring monuments. It 
is stated to be permanent and to resist all attacks of acids in the a^mosimere. The whole 
oi^khe decayed stone need not be removed. It is carved and worked in situ, It costs 
less than stone. Eestorations are more rapidly done than in ordinary stone. The colour 
of the 9t%inal stone can be matched, apd it can be used in all weathers. “ This metallic 
cement is composed of a stone of Trachyjtic origin, reduced to powder, and the molecules 

II 
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are reunited by an acid and softened without being decozoposed. The cement U mixed 
with the acid, and the stone reconstructed to its original condition.** Tlie process has 
been used, 1887, at the Church for the Deaf and Dumb, in Oxford Street; the Church of 
8. Paul, London Docks; and the Infant Orpizan Asyluid, Wanstead, besides other places. 


ARTIFICIAL STONE. 

^o67o. The term is sometimes made to comprise not only Ttrra'Cotia^ which is noticed 
in this work in the section Brick, but also the many Concrttes^ which are described in the 
section Lime, &c. Those mixtures or concreted masses having more aftinity to the 
original they profess to Ipiitate are here des^ribea. 

1667p. AuHt'iCn artificial atone whs invented about fifty ytars since, dui ing which period 
it has been well tested It is used chiefly in the manufacture of statues, garden ornaments, 
cl)imney shafts, and the like. This material is generally considered to be little else than 
ordinary cement, but it is plain there is much more ingenuity in the matter; at all events, 
it is evidently a concrete of sand and so on, cemented by lime ; it is not burnt as is often 
suDDosed. and much of ita value is no doubt due to the manipulation of the materials. 

I667q. liansonie's Miliceoug a^e was patented in 1844. Calcined flints ground to a fine 
powder were mixed witli commln soda (sub-carbonate of soda) rendered caustic, and water, 
the mixture being boiled under steam pressure ; he thus obtained tlie silicate of soda in a 
liquid form. To one part of this water glass he added ten parts of sand, a little pounded 
flint, and a little clay ; ’mixei the who'e to a putty ; made castings of the desired form 
under compression ; dried theLj^Hpr**^ them in a kiln to a bright red heat, and so made 
them into blocks of stone. The chemical question was this : — the alkali of the soluble silicate 
■)f soda combined with a portion of the natural silica or sand, and thus formed an insoluble 
silicate or glass, as a cement, wherewith the remainder of the sand became concreted to- 
gether. A sandstone was produced, and technically one of a silicious type ; but its con- 
necting medium was not crystalline as in nature, but as an equivalent, professedly vitreous, 
This vitreous element, however, was always seen to be its bieinisb, and the manufacture ii 
now discontinued for the following more recent invention by the same patentee. 

1667r. During the experiments made for obtaining a liquid or liquids wherewith to 
wash the surface of stone after it has been worked, Ransome selected and applied the 
silicate of soda, and upon the saturated surface a solution of chloride of calcium. A double 
decomposition then follows, not slowly but instantly, and the silicate of soda and chloride 
of calcium, tlic one, an insolui)le substance filling the pores of the stone, and the other, 
common salt to be washed out by the weather. Pieces of the putty out of which the pre- 
viously described silicious stone was daily made, t.e. sand mixed up with silicate of soda, were 
dipped in chloride of calcium, out of which it came changed to a hard and solid stone. 
This rather unexpected result led to the formation of an entirely new species of arti- 
ficial stone, in a manner which was related by Professor Kerr at a meeting of the Institute 
of British Architects in from whose account been quoting. 

1667«. Ransome's Conertte stont is the name given new material, invented in 1661. 

Tlie process of manufacture now followed is first to dissolve flints in caustic alkali at a 
temperature of 350° Fahr., leaving them in a boiler for twenty-four hours. The liquid 
then produced, consisting of silicate of soda, is drawn olf, and is allowed to evaporate 
until it becomes a thick matter like treacle. It is next mixed with clean pit sand incor- 
porated with five to ten per cent, of chalk in a pug mill, and in four to five minutes this 
Xiixture is formed into a stiff putty. It is then pressed into a mould and afterwards either 
saturated with, or immersed in, a solution of chloride of calcium, which being rapidly 
imbibed, the formation of an insoluble silicate of lime and a soluble chloride of sodium or 
common salt results. This latter (about three per cent. ) has to be removed by wasliing, to 
efiect which it is placed in a hot-water bath for many hours. The employment of this new 
tnaterial ms stone in building is gaining ground ; for cast ornaments and moulded work it 
has l»een longer used, and probably it may yet be brought to serve for the chisel of the carver. 

1667t. The committee of the Institute experimented on this material in 1864. Four- 
inch cubes were made of equal parts of sand and coarse ballast* with a quarter port of clay ; 
on the third day a cube crushed with a weight of 9 35 tons; on the tenth day with 
25*25 tons. With six parts of sand to one of chalk, on the third day a cube crushed with 
6 tons; at ten days old, 9 '40 and 13'‘25 tons. Other samples, however, proved to be 
weaker, as at eight and thirty-six weeks old, they crushed with 8 A and 8*4 tons respectively, 
yet one of twenty eight weeks crushed with 14 tons, apparently depending on the depth 
of the induration which in the weaker siimples was only from 1 to 3 inches. A block 
formed of five parts of sand to one of fine silex bore 30 tons when tliree weeks old, with- 
out showing the least effect ; it had been previously tested up to 20 tons. It will^e well 
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•* Whilst Portland, Whitby, Hare Hill, and Park Spring stones (from the quarries, Farnley 
Wo^, near Leeds) are thus pointed out as the natural stones best adapted to withstand 
the influences of town atmospheres, it is also indicated that Ransomers patent concrete stone 
will be found equal to the best of these, and there is nothing in the composition which 
would lead one to anticipate that it would suffer from exposure to the saline influences of 
the atmosphere upon the sea coast.” 

1667;r. Bousfield’s patent, 1866, consists of 80 or 86 parts of chalk and 16 or 20 of 
slaked lime, mixed together, moulded under pressure, and dried in the open air, when the 
blocks, wys the patentee, “ will be found to possess a degree of compactness and firmness 
resembling stone, which increases indefinitely with age, and if the ingredients are pure, will 
rival marble in whitnness and beauty.” BarflT s patent for an artificial stone was obtained 
in 1861. He takes 1 part of an aqueous alumiuate of potash, with 3 parts of an alkaline 
silicate, or water glass (silicate of potash, however, not of soda), which will in a few hours 
set into a sort of dull glass, an artificial felspar in fact, perfectly brittle and of no 
Tery great tenacity, but altogether insoluble in water. With this silicate of alumina, 
while in a liquid state, he makes up sand or any dust (as pounded stone) into a paste, 
moulding it into blocks, and drying them in the open air, until they have set hard. Silicate 
of soda and potash are extremely viscid, and anything mixed up or coated by them is rrn^* 
dered thereby impermeable ; to get another solution into such silicates, much less behind it, 
to effect their decomposition, is considered impossible, the only alternative, therefore, is to 
put on the two solutions as one. Decomposition then setting in, mere dryness is all that is 
necessary to produce the material ; but if the silicate of potash and the aluminate of potash 
he mixed up in a liquid, they remain liquid for any period within reason, and they may 
be mixed up with any materials selected, or washed over their surface. When put into 
stone it hardens and produces an artificial stone, without heat or further process. A previous 
patent, dated 1860, describes that silicate of soda or silicate of potash may be combined 
wiih, or decomposed by, carbonate of lead, carbonate of zinc, or other suitable material in- 
soluble in water, which will decompose or chemically unite with the said silicates ; propor- 
tmnate quantities of chalk, sand, or other similar substance may also be incorjioratedwith 
the compound, and thus enable it to be obtained at less cost, in accordance with the nature 
or description of the work to which it is intended to be applied. A piece of stone manu- 
factured with carbonate of load, powdered pumice stone, and silicate of soda, in proportions 
stated in the specification, produces a very liard stone, without the application of any heat, 

1667y. FlUo-silicic acid and silicate of potash are also applied to the surfaces of stones, 

1667^. The patent licloria stone has stood the test of twenty years as paving. The 
floor of the entrance-hall at the “ Colinderies ” in 1886 sustained the traffic also of the 
years 1884 and 1886, having had some five million people passing over it. In the course 
of 1886 It WHS laid on London Bridge, where the foot traffic is stated to exceed 80,000 
passengers per dapr—the heaviest traffic in the world. It bears a crushing weight of 
8321 lbs. ptr cubic inch ; a tensile strain of from 794 lbs. to 1126 lbs. per square inch ; 
Its porosity is 7*6 per cent, in twenty-fnir hours, as against 17*0 for Bath, 13*6 for good 
lortland, or 8 0 for Park Spring stones. See also Paving. 

The LeopoM Foreign Rock Asphalie in one of the main corridors was also severely 
tested by traffic. It is manufiictured of Groby granite crushed until sufficiently small to 
^ss through a certain sieve ; it is then washed thoroughly to remove all earthy particles. 
This is mixed with Portland cement and well-burnt clinker, ground fine, and a metal-lined 
mould IS filled with it. In a few days the slab has “set” into a hai^ concrete, and is 
then immersed for about ten days in silica fluid. 

Hodges, Butler, and Dale manufacture an “Imperial stone” for copings, window sills 
steps, coal-plate stones, silicated stone sewers, and water pipes, &c. * 


Sect. II. 

GRANITE. 

1668. Among the primitive rocks of the globe, whose period of creation is considered 
antecedent to that of organic beings, is that of granite, whose use in archi- 
defiance to time itself. The term granite appears to be a corruption 
,word used by Pliny to denote a particular species of stone. Tour- 

J»wrt, the naturalist, in the Account of his Voyage to the Levant in 1699, is the first of 
moaern writers who uses the mime. The word seems to have been applied by antiquaries 
to every granular atone susceptible of use in architecture or sculpture, in which vague 
seus^t was us^ by mineralogists until about fifty years since, when true granite was 
^ as a particular mountain rock. Its constituent pans are concretions of felspar, 
quarts, and mica) intimately joined together, but without any basis or ground. Tnese 
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parts are variable in quantity, so that sometimes one, Mmetimes thf other, and frequently 
two of them, predominate over the third. The felspar is, however, generally in excess, 
08 mica is tiie least considerable ingredient of the rock. In some varieties the quartz is 
wanting, in others the mica ; but where these peculiarities occur, the granites must be con- 
sidered as varieties, not as distinct species. 

1669. The constituent parts differ in their magnitude, alternating fiom large to small 
and very fine granular. Tlio colour, moreover, is very variable, depending principally on 
the predominating ingredient — the felspar, the quartz, and the mica having usually a grey 
colour. The felspar is mostly white, inclining to grey and yellow, sometimes red, and even 
grey, seldom milk-white, and always translucent. The mica is usually grey, and some- 
times nearly black* Tl)e felspar in granite has usually a vitreous lustre, and of perfectly 
foliated fracture ; yet in some varieties it becomes quite earthy, with the loss of its hardness 
and lustre; in other words, it has passed into porcelain earth. The appearance in 
(juestion is sometimes produced hy the weathering of the felspar, and sometimes it 
appears to be in its original state. When pyrites are found in the veins which traverse 
granite, the vicinous felspar and mica are converted into a species of steatitical matter 
by t))e action of the 8ulpl)uric acid formed during the decomposition of the pyrites. 
In Cornwall, there is a considerable portion of its granite in which earthy felspar is 
found. When felspar occurs in abnormal quantities, the granite becomes porphyritic, at 
the Devonshire granite, and that of St. Honorine (Calvados); tlie name being derived 
from the colour, which is purple. Schorl takes the place of the mica in some parts of 
Devonshire; and even the quartz is sometimes wanting, as is often the case in the ehans 
or courses laden with mineral matters in that district. When hornblende occurs instead of 
mica, the granite becomes syenite, as at Malvern, and at Syene, in Egypt ; and when 
present with mica in about equal quantities, the material is called Syenitic granite. When 
iniea is present in such quantities as to cause the rock to assume a slaty cleavage, it is 
called gneiss. 

1670. Granite is not decomposed by acids, and Is only imperfectly and slowly calcinable 
in a great heat. Those species which contain much white felspar, and only a small portion 
of quartz, like the greater part of the granites of Cornwall and Devonshire, are liable to 
decomposition much sooner than many of the Scotch granites, in which the quartz is more 
abundant, and equally disseminated. In the selection of the Cornish and Devon granites, 
those are to be preferred which are raised in the largest blocks and are easiest worked, 
which, for common purposes, answer well enough, such as for paving*stoncs and the like ; 
hut harder granite must be sought for than Devonshire or Cornwall produces, where the 
construction is of importance ; for the masses in these counties are mostly in a condition of 
rapid disintegration and decay, which seems ctiiefly attributable to tlieir containing a large 
portion of potassa. The Naval Hospital at Plymouth is built of a granite whose parts 
appear to have been well selected. It was erected between the years 1756 and 1764, and, 
except in the columns of the colonnades, docs not exhibit symptoms of decay. In these, 
on their more exposed sides, the disintegration of the felspar has commenced, and lichens 
•save already attached tlieir roots to some parts of the surfaces. 

1670a. The cause of the decomposition of granite is a point yet unsolved by chemists. 
Some state that the felspar, being acted upon by the carbonic acid in rain water, becomes 
decomposed, and is then easily removed, leaving tlie mica and the quartz in relief without 
any cementing material ; and that the decay of the felspar does not take place by any 
known rules, for tlie more crystalline it may be, more perfectly does it resist the decom- 
posing action of atmosplieric agents. Otlier scientific men are of opinion that the felspars 
containing soda generally decompose, whereas those which contain potash do not decay. 
It has also been considered that the kaolin or China clay was produced by the decompo- 
sition of the felspar with the granite ; but it has been stated that so far as human observa- 
tion could go, China clay never was true granite, and that atmospheric decomposition 
acting upon felspar, had never gone to the depth of 300 feet, at whiclt depth finer China 
clay was found than nearer the surface: miles of country could be shown strewed with 
telspar; the quartz was gone, but the felspar reniained. We must lemre the decisitm in 
far more able hands. 

1671. Red granite, sometimes yellowish, and generally interspersed with black mica, is 
found in Devonshire ; at Mount Edgeombe there are tables of it equal to the finest oriental 
granite, and it is found also in other parts of England. For hardness, and in works where 
durability is indispensable, the granites from Mount Sorrel, in Leicestershire; Aberdeen and 
Dundee, in Scotland; and the Cheesewringof Cornwall, are to be preferred by the architect. 
These take an admirable polish, and are superior to all others which this island produces. 
The increasing demand of late years for this material, has caused many new quarries to be 
opened up in various localities. The red is generally harder than the .grey sorts, and 
more difficult to work. The Peterhead, from the vicinity of Aberdeen, is perhaps the best, 

it is, moreover, in appearance the most beautiful which Scotland affords ; indeed, in 
point of beauty, it is only surpassed by the oriental granites. 

167 la, Dartmoor granite is, in general, coarse grained, varying much in colour. Hie grey 
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«Qii li cliiefly quarried and irorked at Hay Toe on the east aide, ahipped at Te^itHHith ; 
and At King Tor and Rtgmoor Down, on the west aide, shipped at Plymouth. Broirn 
Wi\^y diatrwt, worked at the Cheesewring quarries, near Liskeard; the granite is ofa llariiC 
grey colour, and was used in the piers of the new Westminster bridge. The granite of the 
eastern portion of the Henslmr^ow district, near St. Auatell, worked above Par. la of good 
quality; it is shipped from that port, and known as Lostwithiel granite; the weaterfi 
portion is remarkable for its liability to decomposition, and is worked for kaolin clay. 
The Cam Menelez district supplies the granite generally known cs Cornish, shipped from 
Penryn and Port Navis ; blocks of several hundred tons are often raised, varying from 20 
to 70 feet in length, and of proportionate breadth and thickness. The finest grain it 
obtained in the Carnseu quarries, near Penryn. from whence were got the (tones for the 
lodges and piers at the British Museum, the plinths to the Royal Exchange, the pedestal 
for the statue of Lord Clive at Shrewsbury, and timt for the statue of Carlo Alberto at 
Turin. It was used, 1887, for the monolithic columns to Messrs. Lloyd’s new banking 
premises in Lombard Street The columns at the entrance of the royal mausoleum at 
Frogmore are from Lamorna. south of Penzance ; which, with Boswarvab and New Mill, 
to the west, have, with those at Penryn, supplied granite to most public works. Fremator 
granite, largely used at the steam dock-yard at Keybam, is white in colour, and being very 
close gmined, it can be brought to a highly finished surface, and is said to be very durable. 

167 Ih. Hay Tor granite company supplies a granite of a very fine grain, hard, of un- 
questionaide durability, and generally of a beautiful blue or grey colour; it can be 
obtained in blocks of any size that is capable of being removed with existing machinery. 
The quarries have supplied the Nelson column and its pedestals; the granite plinth and 
steps of the Royal Exchange; the statue and pedestal of King William IV.; part of the 
river wall of the Houses of Parliament; the plinth of the Sun Fire Office, &c. ; the large 
landings and ste])s of the terraces at the Crystal Palace; the graving docks at all HM. 
Dockyards, as well as the ashlar steps and landings for the royal mausoleum at Frogmore,, 
Grey granite from Lundy island, off the coast of Devonshire, is supplied for the first 
section of the 'Hirtmes embankment. 

1671c. The Port Nant granite, in Carnarvon bay, near Port Dinlloen, bos been u.sed 
nt Liverpool for paving, for some yjjirs; for the tramway on W'estminster bridge ; for tlie 
Metropolitan drainage outfalls, aadlbr the foundation works and pavement of llie Thames 
embankment. 

167 id. Granite is supplied from a comparatively limited extent in the north-eastern part 
of Aberdeenshire. The first or central portion is somewhat circular in form, having a 
diameter of about six miles, within which the rocks are of red granite of different varieties, 
typified by the fine warm coloured Stirling Hill .stones; and secondly, of an annular space 
surrounding this nucleus, in which the grey and blue granites abound. Of these, the 
Ciiirngall is close-grained, hard and dense, and as obdurate as any of the red granites. At 
Pitsligo is obtained a liglit coloured bluish-white stone, which wlien fresh from the quarry, 
is wrought with greater facility than even some of the Scottish sandstones. It stands the 
weather well. 

167 le. Kubislaw quarry was the first known quarry in Aberdeenshire, about two 
hundred and fifty years since, and furnished stones for paving London, and later for workg 
nt Portsmouth Docks and the Bell Rock Lighthouse. Since its introduction about 1820, 
various quarries have supplied granite for works at Waterloo Bridge (the balustrading). 
Sheerness Docks, upper side of London Bridge, &c. Alwut 182*2 Mr, A. Macdonald, of 
Aberdeen, reduced to practice the difficult problem of giving any required form to so 
stubborn a material, and communicating to its surface an enduring polish, which it is 
said, is retained under all atmospheric changes ; nor does the material contract any stain 
with vegetation. 'I’he red granite quarries of Stirling Hill, near Peterhead, about thirty 
miles from Aberdeen, supplied the shaft of the Duke of York’s column ; the pillars in 
Fishmongers’ Hall ; the columns in the king’s library in the British Museum about 1830; 
the pedestals for the statues in the same building ; the columns at St. George’s Hall, 
Liverpool, 25 feet in length in one block; and is now used in numerous buildings in nearly 
all the cities in Great Britain. * 

1671/. Grey or blue granite is supplied from the quarry of Rubislaw, hut principally 
from Cairngall, which is more of a syenite than a granite, a clear blue finely-grained ma* 
terial, used for the finest work. Tliis has been employed for portrait statues, as 9 ,t 
Aberdeen, at Portsmouth, &c. ; for the sarcophagus for tlie Duchess of Kent, and for that 
of the Prince Consort, both at Frogmore. 

167 1 < 7 . Argylesliire has only within the last twenty years been opened up for granite. 
Furnace quarry, near Inverary, is more of a Syenitio or porphyritio character than that of 
true granite, and is remarkably hard, in fiact harder than that of Aberdeen. It is used 
chiefly for paving tlie streets of Glasgow. Bonaw Island quarry, near Oban, gives an 
excellent large-grained grey granite ; it has been used in the harbour works, the flight' of 
rfeps at the West End Park, Ac*, all at Gla^ow, being obtainable in large blocka Bonaw 
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Cniumway <|uaiTy, near the above, though 8ne grained, does nqisupplf large blocks; it 
is used for paving stones. Ardsheal quarry, nortli-enst Of Oban, has a good grey granite 
for gCJJeral purposes. It is easily quarried in layers of any required length or breadth, 
and varies in thickness from 6 indies up to 3 feet It is said to be less noisy and 
more safe as a paving stone than the generality of granites employed for tliat purpose. 

167 1 A. The Ross of Mull quarries, in the island of the same name, supfily granite 
of two sorts, red and pink, the felspar bdng in the former of a brilliant red, and in the 
hitter of a delicate pink, tint In its physical character it resembles the Alierdeen granite 
It is now sent in large quantities to the polishing wiA’ks at Ahenleen, and, moreover, these 
quarries can supply larger blocks than can those of Peterliesd. Both the red and pink 
varieties, after having 1>een polished at Mr. Sim’s works ut Glasgow, were used in the Prince 
Consort’s mausoleum at Frogmore; at the Skerry vore lighthouse ; the Liverjiool Docks; 
the Londonderry Docks; the Glasgow Water Works, &c. ; and the pink granite in the 
foundations of the early work at the new Westminster Bridge : the Tormore or red granite 
being used for the curb to the footways. 

167 It. The only quarries in the south-west of Scotland are Kirkmabreck quarry, near 
Creetoun, Wigtown Bay. which furnislies a silver grey granite, used for the obelisk sent by 
Mr. Sirn to the Exhibition of 18G2 ; and used for many years in the Liverpool Docks, 
Blocks of any size are readily attainable. Diilbeattie quarry, near Dumfries, has a 
large -grained grey granite, taking a higli polish ; there is a difficulty in getting large 
blocks free from black marks, but it is largely worked for general purposes, kerbing, Ac., 
and for ornamental purposes. 

1671/ The granites of Ireland are in general a speckled grey, inclining to white, as 
those of Wicklow, Dublin, &c. ; also greenish from hornblende, as Mourne, Newry, &c. ; 
reddish, as Galway. The granite of the Wicklow range is used more extensively than tliat 
of any other district in the island. It varies considerably even within a limited distance. 
Near Kingstown it is very hard, the quartz predominating; this is only used for ))lain 
heavy work. For more ornamental purposes granite is brought from Ballykuocken, or 
Golden Hill, about twenty miles distant. It contains a larger proportion of felspar and 
less quartz than that of Kingstown, and is therefore more easily worked, and is of a lighter 
and more uniform and handsome colour, though less durable. Granite of the Carlow’ 
portion of tlie same range is similar. Granite of Down is generally of a darker colour, 
and more finely crystallized ; it is quarried at .several piaces, especially at Newry, from 
whence it is conveyed by water to several parts of the north of Ireland ; it can be worked 
into fine mouldings, and is of a dark speckled colour. Galway granite is commonly of a 
reddish colour, containing large crystals of flesh- red felspar ; occasionally it has a bluish 
tint. To the west of Clilden blocks of a moderate tliickness but of great length and 
width, can be obtained. Granite to the west of Mayo is similar, but the greater part of it 
in that county is of a dark bluish-grey colour, difficult to work and seldom used. In 
Donegal and Tyrone it is gneissose, and of the same character, and reddish. Cavan granite 
is similar to that of Down, and but little employed. In the counties of Kilkenny and 
Wexford it generally Tesemliles that of the great Carlow range before noticed. 

1671 A. The Bagnalstown quarries, in Carlpw, supply fimr different qualities of granite; 
I. For plain work, portions being soft, otliers hard; some fine-grained, and others coar.se ; 
and red, blue, grey, and brown in colour; all are obtained from the surface of the 
land. II. A fine grit, employed for ornamental work even in the Gothic style, is very 
durable, and of a very white colour. III. Not quite so fine, but much used for buildings 
and ornamental work, being very white in colour. It lies in horizontal beds of about 1 foot 
to 15 feet in thickness, and from 15 to 20 feet in length ; some beds run 40 feet long. ^ In 
tlie hall of the Oxford University Museum is a slab of it, about 10 feet long, 5 feet wide, 
and 7 inches thick. IV. A very hard granite used for street crossings in and near Cork, 
not slippery. All these granites are approved for terrace steps, from 6 to 15 feet in 
length ; for floors in stores, porches and halls, as in damp weather it absorbs the moisture 
from the atmosphere. 

1672. Granite used for pawing purposes is imported for curbs and (raws, from Guernsey, 
Jersey, Aberdeen, and Devonshire. For pitching and macadam, from Aberdeen ; Mount 
Sorrel, Markfield, and Grooby, all in Leicestershire ; Guernsey ; and a small quantity from 
Wales. Mount Sorrel granite is red in colour, and was employed for the altar steps in 
St. Paul’s Cathedral. Granite from the Furnace quarries, at Inverary, as before noticed, is 
much used in the streets at Glasgow. Markfield and Grooby granites are dark green. The 
granite from the island of Herm, near Guernsey, was used for the steps to tlie Duke of 
York’s column, but the cost of working and difficulty of shipping it at tlie quarry, have led 
to much discontinuance of its use. 

1672a. Aberdeen granite is most extensively employed for curbs, trams, and pitching; 
the lattei in thin cubes about 9 inches in depth, 3 inches in thickness, and not exceeding 
18 inches in lengtli, fair dressed throughout, it being considered the liest granite adapted 
for the traffic of London^ as it it very durable and less slippery than most other granites, 
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such AS that of Guernsey, for instance, which is therefore now seldom adopted. The 
Welsh granite hns the same fault, for, with a large amount of traffic in dry weather, it 
becomes necessary to throw gravel over it. Guernsey macadam, broken to pass through a 
inch mesh at the largest, is found to l)e by far the best material for the purpose, one 
coat properly applied outlasting two of any other granite. The Devon granite being coarse 
in grain, is used only in cuibs for second-rate streets, while for pitciiing it is not to he 
compared in price or quality with that of Aberdeen. Blue Bombay, and blue Port Philip 
granites, are hard and tough, and make good second-class roads ; while grey China granite 
is soil and friable, and only good for the foundation of a new road. 

16726. We are indebted for several of the details here given on tins subject, to the 
article in the Dictionary of Architecture of the Architectural Publication Society. The 
Builder fur 1866 has also entered on the merits of Scottish granites. 


1672c. Table of the Weights or Gbanites. 


Name. 

Country. 

Weight per cubic 
foot, Avoirdupois. 






lbs 

oa. 

dr. 

Stirling Hill 

- 

Stirling 


- 

165 

14 

5 

High Hock, Breadalbane- 

. 




166 

0 

9 

Bbick Hill 

- 

Stirling • 



166 

10 

4 

Dalkey - - - 

. 

Dublin 



169 

9 

7 

Bars, Breadalbane 

- 

- 



169 

11 

5 

Hay Tor 

- 

Devonshire - 
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3 

0 

Blue, Penmaenmawr (Gran 

wacke) 

Carnarvonshire 



160 

1 

0 

Aberdeen grey 

- 

Aberdeenshire 



166 

8 

Q 

„ red 

. 

„ 



165 

4 

0 

Cornish grey 

- 

Cornwall 



166 

12 

0 

„ red 
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Sect. HI. 

MARBLE. 

167.3. With the architect and sculptor the name of marble is applied to all stones, harder 
Ilian gvpsum, that are found in large masses, and are susceptible of a good polish. On 
this principle, under the head of niarlde, arc included many varieties of limestone, porphyry, 
and even granite and fine-grained basalts. But with mineralogists the word is used in a 
much more restricted sense, and is confined to such varieties of dolomite, swinestone, and 
compact and granularly foliated limestone as are capable of receiving a good polish. 

1 6’74. T he external characters are as follows ; colours white, grey, red, yellow, and green. 
Has generally but one colour, though it is oflen spotted, dotted, striped, and veined. 
Occurs massive, and in angulo-granular distinct concretions. Internally it alternates from 
shining to glistening and glimmering ; lustre intermediate between pearly and vitreous. 
Fracture foliated, hut oftentimes inclining to splintery. Fragments indeterminate, angular, 
and rather blunt-edged. More or less translucent. Brittle, and easily frangible, its 
chemical characters are, that it generally phosphore.sces when pounded, or when thrown on 
glowing coals. It is infusible before the blow-pipe. Dissolves with effervescence in acids. 

Constituent parts, Lime - - - - 56 50 

Carbonic acid - - - 43 00 

Water - ^ - 0*50 


10000 

1675. All the varieties may be burnt into quicklime; but it is found that in many of 
:bem the concretions exfoliate and separate during the volatilization of their carbonic acid, 
so tliat by the time that they become perfectly caustic, their cohesion is destroyed, and 
they fall into a kind of sand, which renders a common kiln inapplicable. 

1676. The varieties of marble are almost infinite. Those employed by the ancients, 
AS well as porphyry, are noticed in the Glossary. Besides the paper On Mariks read in 
1887 by Mr. Brindley, and quoted hereafter, the book by G. H. Blagrove On MarUe 
Deeora$ipn^ 8v'>. 1888, and that by A. Lee, Marble and Marble Workers^ 8vo. 1888, are valu- 
able contributions to the subject. 

)677. The principal part of the supply to England of whitish marble is from Carrara, 
a aniMill town or village of Tuscany, iii Italy. The quarries ait this place were celebrated 
from An curly period, and spots are still shown about them whence they dug the marble 
for tl|o PantbAofi. Masses of marble are somelimes procured there nine feet in tengtl;and 
from fosir breadth. The quarries are the property of the principal inhabitarts of 
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the town, wlw) cairy on an extensive trade in the artiide ; bnt the difficulty of clioomi^ 
the marble hw induced artists to settle there for the execution of their works, and tlie 
consequence is, that sculpture abounds and flourishes in the town. The white or 
Statuary, Italian-veined, Dove-coloured, Pavonazeo or puyple veined, and Kavaccione 
(called Sicilian, supposed to have obtained its name from early shiploads of it having been 
reshipped or sent on from some port in Sicily, at which the vessel touched in its voyege^ 
marbles, are but very slight variations of the same substance; the Dove and “ Sicilian*' 
have a little more carbonaceous matter in their composition ; but they are all procured 
from quarrtes in the immediate neighbourhood of Carrara. Serravezza, in Lucca, produces 
Statuary, Ravaccione, veined or Bianco chiaro, Mifchio di Serravezza, Bardiglio, and 
Bardiglio fiorito. 

1677a. All varieties of Carrara nmrble have perishable qualities, which ought to preclude 
them from being ever applied to external purposes in this country. After exposure to the 
weather for thirty or forty years, disintegration through its entire mass, but mostly on or 
near the surface, evidently takes place ; after the lapse of about a century, more or less, 
according to the quality of the marble, the entire substance falls into a kind of sparkling 
sand. ^ The group of Queen Anne, &c., in front of St. Paul’s Cathedral, sculptured by 
Prancis Bird in the beginning of the last century, had been painted long since, and was 
in 1887 entirely renewed. A mural monument by J. Nollekocs, erected about 1780 over 
the centre door within the portico of Bloomsbury Church, fell on to the pavement during 
the winter of 1837--8, so thoroughly pulverised as to resemble a fall of snow rather than 
bits of marble. Milan Cathedral is built of the white marble of Monte Candoglio or 
Candido, on the Toce, a tributary of the Lago Maggiore, selected as better fitted to stand 
the atmosphere than Carrara marble, of which it is usually said lo be built : the “ 7,000 
statues ” (1863) are most probably all of the latter material. 

16776. The Ravaccione, or so c.iUed “Sicilian” marble, is expected bo resist the action 
of an English atmosphere longer than Italian veined, or vhite Carrara marble. On exami- 
nation, however, it will be found that its chemical and mineralogical character scarcely differs 
from them,' except in weight, hardness, and as containing a little more carbonaceous matter. 
The Marble Arch, erected 1826-7 in front of Buckingham Palace, was removed to its 
present site 1860-1, when it was found necessary to rub the exposed surfaces with sand 
and stone, as they were in a state of disintegration. Perhaps the tomb by Sir F. 
Chantrey, executed about 1820, in the burial-ground of St. John’s Wood Chopel, is the 
oldest specimen in London, if not in England. The surface may now be abraded with 
the fingers, like sand. This material has of late years been extensively used in the ceme- 
teries round London. But on a careful inspection of stones of three years* date, it will 
be found that the polish is nearly gone ; and even the paint of the lettering has entirely 
disappeared. Frequent changes of temperature also tend to destroy Carrara marble more 
rapidly than atmospheric influences ; thus the mantel of a chimneypiece is invariably 
disintegrated long before any other part. The late C. H. Smith, in the Builder of 1864, 
strongly urged the employment of Hopton Wood stone (par. 1666i.) in lieu of it for all 
out-door works. 

1677c. Maisa Carrara quarries. The special produce now is — I. The ordinary marble 
called “ Sicilian,” having a white ground variously marked witli grey veins, spots, &c. : it 
is good for interiors as it is easily worked. II. A very hard ordinary “ Silician,” of a 
bluish white with dark veins, adapted for steps and out-door work. When well polished 
it has groat resisting power. It has been used for the principal staircase of the Merchant 
Venturers’ school at Bristol, where the final polish was omitted ; and in some “fiats” in 
Portland Place. III. A dark grey marble with black veins, called Bardiglio^ which has been 
largely used as a building stone in Naples, and as altar steps in Sweden. IV. A marble 
called Blanc P., a bluish white without veins, but not so lustrous nor so pure a while as 
statuary marble. It is much used in Belgium, France, ard Ireland, tor statues, tombs, 
and floral carvings ; and is little known in London. The quarry which supplied the 
Blanc P. is stated to have been worked out long since; but another marble so called is 
merely a superior class of “ veined white ; ” a large quantity is used in London. Tyrolean 
marble possesses all the beauties of that obtained from the Carrara quarries, and is, 
moreover, from its intense hardness, almost indestructible, and better adapted for ex- 
posure to the climate of this country. 

1678. There is a beautiful species of yellow marble obtained from the quarries near 
Siena, in Italy, and known in England as Siena marble ; but the quantity now imported 
is not very great, and what is introduced is veiw poor in colour. A good quality, both in 
colour and vein, can, however, be procured at the quarries by special orders 

1678«. The marbles of Sicily, little, if at all, employed in this country, are enumerated 
as follows : — Marmo di Trapani, of a grey colour ; M, di Castelnuovo, of a yellow 
^loui ; M. di Segesta, of a yellow colour; M. di Taormina, of a red colour; M, di 
Parco, of a yellow colour ; M. d' OgKastro, of a red colour ; and M. di Castelaodo, of a 
grey colour. The two last-named marblefi are readily obtainable in blocks 12 or 13 fset 
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lofig. Specimens of some, if not all of these, sre included in the Snc jollection of polished 
marbles made by the learned Corsi of Romo, an account of whiv't he published: the 
eoUection was subsequently brought to England, and is believed to exist at Liverpool. 
Each specimen it contained is no less than 8 inches Italian long, 4 inches wide^ and 9 
inches thick, and highly polished on all sides. 

1679 . Many of tlie marbles of France and Belgium are extremely beautiful. They are 
chiefly used in this country for chimney pieces. The following is a list (including others) 
of those so worked, supplied from one of the Belgian worksliops ; — Rouge royal ; Bleu 
Beige ; Rouge Griotte ; French red ; Saint Anna ; Noir Beige ; Noir Beige, second 
quality; Breccia ( Breche) ; Breccia and black; Breccia liomana; Breccia rose; Saint 
Gerard ; Sicilian; Sicilian, white veined; Pavonazzo; Statuary; Statuary, second quality j 
Malachite ; Ver de Mer ; Black and green ; Porphyry ; Brocatello ; Siena ; Siena, 
second quality ; Italian Griotte ; Black and gold ; Bbiok and gold, second quality ; 
Bardilla ; and Sarracolin. Another marble, named Saint Mont Claric, is a pure black. 

1680. The marbles of Spain are likewise very fine, but are not exported. A specimen 
of the “ Emperor’s Red,” of unusually fine quality, was presented to the Queen by the late 
Don Pedro, King of Portugal, for the royal mausoleum at Frogmore. 

1681. The marbles of the British Islands deserve more notice from the English archi- 
tect than they have hitherto received. In England there are but few as yet quarried of 
gpwnular foliated limestone, the greater number of varieties of them belonging to the 
floetz or secondary limestone. The most remarkable, and perhaps most beautiful, of 
the English marbles, is that of Anglesea, called Mona marble^ and much resembling 
Verd antique. Its colours are greenish black, leek green, and sometimes purple, irregu- 
larly blended with white, l)ut they are not always seen together in the same piece. The 
white part is limestone, the green shades are said to be owing to serpentine and asbestus. 
The Isle of Man marbles are — I, Black flagstone (Posidonia schist) from Poolvash, 
tl»e quarries of which have been worked for upwards of two hundred years ; and 
furnished the steps in St. Paul’s Cathedral, presented by Bishop Thomas Wilson. II. 
Grey marble (eucrinital and shelly limestone) from Poolvash, used for tables and chimney 
ornaments. III. Black marble (lower carboniferous) limestone, from Port St. Mary, ex- 
tremely hard and durable, taking a good polish ; raised in blocks and flags of great 
size, and used for piers, floorings, and tombstones. IV. Pale marble (carboniferous lime- 
stone (from Scarlett. Castle Rushen, nine hundred years old, and other places, are built 
with this most duralde material. V. Spanish Head flagstone (clay schist). Port St. 
Mary; is a durable material, and used for lintel and gate posts ; it is slightly elastic when 
in thin flags, and can be raised in square slab.s of 16 feet. V I. Peel freestone (old red 
sandstone), from Craig Millin; of this stone a large portion of Peel Cathedral was built in 
1226. (Cumming, hie of Man, ^c.) 

1681a. The ornamental marbles of Derbyshire are mostly confined to the 1st, 2nd, and 
3rd classes of limestones, which are separated from each other by the toaditone, an amyg- 
daloidal trap rock. These marbles are usually distinguished by therr colour, as wliite, 
grey, dove, blue, black, and russet ; or by physical peculiarities, depending mostly on their 
fossil contents, as bird’s-eye, dog-tooth or muscle, entrochal, shelly, and breccia marbles. 
Quariic.s of bl/ck marble arc situated near Ashford, where maclunery for cutting and 
polishing these marbles was first used in 1748. The beds of black marble seldom exceed 
7 or 8 inches ; it is difficult to be obtained of any considerable surface free from “ shakes,” 
or small veins of white spar. It is also procured at Matlock and Monsaldah. A brown 
marble, in thin bands of various depths of colour, is called “ rosewood,” as it presents the 
appearance of it when polished. It is one of the hardest and most durable of the Derby- 
shire marbles. A red marble, resembling Rosso antico, is found chiefly near Neqfhaven, in 
lumps of no great size. These and other Derbyshire marbles are principally used for 
inlaying work, as vases, tables, &c., but chimney pieces, columns, &c., are now made at 
Ashford, Bakewell, Buckland Hollow, and at Derby. TTiis Florentine work, as it is called, 
is remarkable for fineness of execution and beauty of design, and is almost confined to 
the county. 

16816. A beautiful greyish-black ooralloid marble Is also found in Derbyshire and in 
Wales. The corals it cemtains are of the porous kind, of the most elegant species, lodged 
at all angles and in all directions, and are in general about one inch and a half long and 
three quarters of an inch broad. The other species of coralloid marble is equally beau- 
tiful and^ compac^ fine, even texture, very bard, of a deep jet black, apd capable of a very 
h'gh polish. It is variegated with species similar to the above, but smaller, and of a less 
elegant texture ; among these it has usually a great number of sea shells, both turbinated 
and bivalve, tlie coral and shells being of a pure snow white. 

1681c. The North Devonshire marbles are abundant and diversified. There are 
varieties of black and wldte, from Bridestow, South Taalon, and Drewsteignton. Some 
rf the Chudley, Stoverton, and Berry Pomeroy, marbles, have a black ground with large 
Viable of calcareous spar traversing it in all directions. The variegated marbles are fena* 



Chap, fl. MARBLE* 491 

rally reddisli, bpownish, anil greyish, yariously veined with white and yellow, and the colours 
are often intimately blended. The South Devonshire marbles, now chiedy worked at 
St. Mary Church, Torquay, from tlie Bahbacomlie limestone, are called after the name 
of the estate or quarry from whence they are taken, such as the Petiton, Ogwell, Ash- 
burton, Babbacombe, See. The colours are red, grey, and variegated, of almost every 
tint. The siaes of the blocks vary from 1 to 10 tons ; the ordinary length runs from 4 to 
5 feet; 7 to 8 feet is considered as a good length. At Ipplepen are reddish varieties tliat 
are extremely handsome. They are of different qualities, as compact, porcellanic, granular, 
crystalline, shelly, magnesian, pozolanic or water, stinking or swine. The Bartons quarry 
at Ipplepen, belonging to Mr. Field, of Parliament Street, is worked at 80 to 100 feet in 
depth ; the lowest beds are about 8 feet thick, and of a mottled character, being dark red 
and white in colour ; the deposit over it is streaky and lighter in colour. Blocks of 
1 8 feet square are now conveyed to London. This quarry ha's lately supplied the mono- 
litliic polished shafts for the forty columns (18 out of one block), each 12 feet 3 inches in 
length, and 18 J inches diameter on the fillet, with many others, for the new building of 
the National Provincial Bank of England, in Bishopsgate Street. The bases are of Irish 
black marble, and the caps of the cream-coloured Huddlestone stone. In the corridor of 
the new Freemasons* Hall are four columns, two being from the Bartons quarries, and 
two of Languedoc marble: eight others are placed in the coffee-room of the Charing Cross 
Hotel. I'he limestones of Plymouth are not so fine. They are of two sorts ; one, an ash 
colour shaded with black veins; the other blackish grey and white, shaded in concentric 
spots interspersed with irregular red spots; or black with white veins about a quarter to 
an inch in width. 

168 Id. 5crpcn<i«j, “ beyond all question, the most beautiful of the ornamental stones 
of this countrv ” (Hunt), is chiefly found in the sea-hound peninsula called the Lizard, 
the most soutnerly land in Great Britain. This rock, witli another called diallage, con- 
stitute nearly half of the Lizard peninsula. Serpentine has evidently been under the influence 
of heat. At one spot it seems to shade off into the hornblende slate in which it is embedded ; 
at another, it has every appearance of having been thrust up among the hornblende slate. 
Sir Henry de la Beche wrote, many years since, that serpentine ought to be employed 
for decorative purposes. He named Landewednack, Cadgwith, Kennack, Cove, and 
Goosehilly Downs, as four sites whence beautiful specimens miglit be obtained, vary- 
ing in colour, as, an olive green base striped with greenish -blue steatite veins ; another 
specimen, very hard, with a reddish base studded with crystals of the mineral called diaVaget 
which when cut through and polished, gives forth a beautiful metallic green glitter, 
heightened still further by the reddish tint of the mass in which it is embedded. To the 
Exhibition of 1851, Penzance sent fine specimens in all kinds of ornaments. Tlie blocks 
are small, but sometimes they liave been obtained 7 feet in length and 4 or 5 tons in 
weight; the largest was 8 feet long, 3 feet wide, and 2j feet thick; from 2 to S feet 
long is the usual size. The best blocks are worth from 5 to 10 guineas per ton, according 
to their weight, the larger the size the higher is the value in an increasing proportion. 
Chemically, steatite and serpentine differ little from each other, and as they are quarried in 
juxtaposition, specimens of both kinds are selected for use ; but serpentine being much 
harder and more richly coloured, is appropriated to the larger articles. 

1681a. In the Builder of 1865, p. 877, it is stated that serpentine is not a marble, but a 
talc containing a tolerable quantity of chromate of iron. It is sometimes good for external 
ornamentation, but never when it has the white streaks so commonly seen in it. Hunt's 
Handbook to the 1851 Eihibition, gives the following analysis of serpentine obtained at the 
Lizard : —Magnesia, 38*68 ; silica, 42*50 ; lime and alumina, 2*10 ; oxide of iron, l-50i 
oxide of manganese, 10; oxide of chromium, 0*30 ; the colouring matter is probably a 
combination of chromium, iron, and manganese. In his Handbook to the 1862 Exhibition^ it 
is called a hydrated silicitate of magnesia, composed of silica, 43*64 ; magnesia, 43 *35 ; and 
water, 13*01 = 100. Besides the supply from the Lizard, it is obtained in Anglesea, 
Portsoy in Banffshire, Unst and Fetlar in Scotland. The “ green marble,” or serpentine, 
of Connemara, is noticed among the Irish marbles. This material is sawn by steam power 
with sand and water j and when brought into the form required, it is ground, turned, 
rubbed, and polished until 'it presents a beautiful glossy surface, said to be capable of resist- 
ing grease and acids, which is not the case with marble in general. 

1681/, It is said that two brackets of old monuments in Westminster Abbey ; the panel- 
bordering of the monument erected to the memory of Addison ; the brackets of a chimney- 
piece at Hampton Court, are all carved in serpentine, and the present condition of these 
specimens shows the duiability of it. ** Equal to granite in durability,” is the statement 
made in advertisements, but probably some further time must elapse before such a statement 
can be endorsed, though it may be allowed that it appears to stand atmospheric influences 
remarkably welL Experiments on the strength of serpentine have been noticed in 
par, I502p.. Tberem is mentioned a shaft of Poltescp grey-greed Devonshire serpentine, 
tne of the wetkaal ozamplet, whieh went across and not with the i the latter running 
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In the line of the dUmeter. The green serpentine has been used lately on the outside ol 
■ome offices in Cornhill ; and the red quality in 1853 in Leicester Square. 

1681^. Purbcck, Petworth,or Sussex marble, is the name of a material common to Derby- 
shire, Dorsetshire, the Isle of Wight, Kent, Surrey, and Sussex. It is found at Dinton, neai 
Aylesbury, and it occurs at Boulogne and at Beauvais, in France. In some places, as in 
the most westerly quarries near Corfe Castle, and at the top of the Isle of P<»rtlaiul, the 
Purheck stone is so highly coloured and fine-grained, that it is chiefly identified as be- 
longing to the fresli water deposits by the fossils it contains. In general, the stone may 
be sjiid to be fine grained in the quarries north and west ; while in those approaching the 
east the pattern is larger, the shells well defined, and scarcely any of them broken ; the 
marble from tliis district is therefore handsomer, and more in request for ornamental pur- 
poses. Purbeck was well known for its quarries during the middle ages, when the marble 
was in great request for decorating the clustered shafts and sepulchral tombs, and for ])ave- 
ments, in churches. At the present time, there is scarcely sufficient demand to keep more 
tlian a few men at work, and this at Woody-hyde, near Corfe Castle, where the genuine 
material or Purbeck marble can be obtained, and that quarry is a hole more than a 
quarry. It has been stated that, during the middle ages, this material was also obtained 
from (|uarries at Parham Park, six miles north-east of Arundel, hut there are now no 
traces of it left on the surface. 

16815. All varieties of Purbeck marble contain a large proportion of clay in their com- 
position, which is one chief cause of their perishable nature. In the interior of buildings 
the moisture in the air will he condensed, and absorbed into the argillaceous portion of 
the marble. this process is going on, the lustre of the polish is gradually diminished, 

the colour is altefBi|l||||to hardness and cohesion destroyed, until the surface is completely 
changed to a dull eai^y appearance, and decay results, which will be facilitated in propor- 
tion to tlie amount of clay oontaiiied in a given mass. When, as in small cedumns, this 
material is placed with thf planes of lamination in a vertical position, there results another 
and a greater tendency to decay. The clustered columns in the Temple church, though 
renewed in 1840-42, liad lUready lost much of their polish in 1853, a preliminary stage to- 
wards decay. 'I’he large ancient columns supporting the clere-story at Westminster 
Abbey, have now scarcely a trace left of their original surface. (C. H, Smith, Transactions^ 
Institute of British Architects, 1853 >. As already stated, this sort of marble is obtained 
in Kent, where it is also known as Bethersden marble, and likewise as Lovelace marble, 
obtained near A.shford. In the east and west sides of the new quadrangle of St. .John's 
College, Oxford, are sixteen entire columns of “ Bletchingden marble,” which were put up 
in 1631-35. It may be seen in Hythe Church and in some of the neighbouring churches, 
wliere it is often varnished in lieu of being polished. The Purbeck marble columns used in 
Lincoln Minster, in 1186-1200 are asserted to have been worked up by vinegar. 

1682. Of the Scotch marbles the principal are the TV/ee, of which there are two varieties, 
red and white. The /ona, whose colours are a greyish white and snow white, sometimes 
intermixed witli steatite, giving it a green or yellow colour in spots and known under the 
name of Iona or Icolmkill pebbles. It does not take a liigh polish. The Skye marble, of 
greyish hue, with occasionally various veins. 'I’he Assynt varieties of white, of grey, and 
dove colour. Glen Tilt marble, white and grey, with occasionally yellow and green spots. 
Marble of BaJliculish^ of a grey or while colour, and capable of being produced in con- 
siderable blocks. Boyne marble, grey or white, and inking a good polish. Blairgowrie^ 
in Perthshire, of a pure while colour, fit, it is said, to be employed in statuary and for 
architectural purposes ; and Glenavon^ a white marble, said by Williams (AW'/ro/ Hiitory 
of the Mineral Kinydom) to be a valuable marble, is not used, from the remoteness of its 
situation and the difficulty of access to it. 

1683. Ireland is rich in marbles. Tlie dark colours vary from jet black to dark dove 
colour, purple, blue, and grey; the light colours, from the pure snow white to the celincd, 
eream coloured, pink, and light grey. The variegated consist of the serpentine, black and 
white veined, mottled, and those marked with fossil organic remains. The black marbles, 
which are those cf most value in Ireland, are extensively met with, and belong to the lower 
limestone. The merchantable beds of the best quality, wliich hava^^^en extendvely 
worked, are met with in the counties of Galway, Limerick, Carlow, an|r iTlfttenny, It is 
also found in the counties of Mayo and Waterford. The best quHrri^||^j||j|Mmsi4ered to 
be those close to the town of Galway, near the bank of Lough Corrib. *^iHKurs in three 

.beds, sarying from about 9 to 12 inches in thickness. One is called the ^*^ibdon bed,” 
as it supplies most of the black marble exported to London. Blocks are raised of an aver- 
age size of about 5 to 10 feet in length, and 4 to 5 feet in width ; others 20 feet in length 
ran be obtained. Some blocks 16 feet in length were sent over for a staircase for the 
Duke of Hamilton's seat in Scotland, who was also furnished with landings and solid 
balustrades worked tt) a fine polish. Angliham and Merlin Park quarries supply black 
marble of the very finest description, receiving a high polish. Steps of it were supplied 
for the porticos at 5||ij^^aul*s, the staircases at Marlborough House, Hampton Court, and 
Kensington Palace, tinder Sir C. Wren, cir. 1700. At Ouffhterard. the beds contain mom 
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or less silica, renderin^^ them not so valuable. At Kilkenny, H abounds with shells which 
oecome more conspicuous as the marble dries Kilkenny marble was once extensively 
employed in Ireland, but the black is now preferred, Tlie polish of black marble, while it 
is considerably affected by dampness, is much improved and preserved by being kept dry. 

1683a. Dark grey and dark mottled grey marbles are met with chiefly in King's county 
and in several parts of the county of Cork. Near Tullamore, marble is obtained in large 
blocks capable of receiving a fine polish, and is much used for cliimney* pieces and orna> 
mental works. The limestone around Cork produces easy working marble of a light 
grey or dove colour, and more or less mottled, receiving a good polish, in the primary 
districts of Donegal, a light grey and bluish grey coloured marble of close grain is found 
to a great extent ; most of it, however, is hard to work from the quantity of silex it contains. 
The same kind of a bluish tint is very frequent in Connemaia. It is compact in texture, 
but does not always produce a satisfactory polish. White marble occurs in the western 
portion of county Donegal, differing much from that of Connemara, It is of comparatively 
easy conversion, and can be obtained in cubical blocks in great quantities ; its very coarsely 
granular texture, however, is j)rejudicial to it for many purposes; for boldly executed 
works in sculpture, where the expense of carriage would be avoided, it might be advan« 
tageously employed for many purposes; but it will not vie with the marble of Carrara. 
The Connemara white marble is hard and fine, and the strongest yet found ; it cannot, 
however, be procured in large blocks free from streaks, which pass tlirough the blocks 
parallel with the beds. At Ciievy, near Dungannon, county Tyrone, a very delicate cream 
coloured marble is obtained, very compact in texture, receiving a high degree of polish, and 
blocks of great length can be procured. The coarsely crystalline and fossiliferous limestone 
at Ardbraccan produces light coloured marble of easy conversion. 

16836. Of tlie variegated marbles, the Siena of the best quality is perhaps the most 
beautiful. It is obtained in several places in King's county ; but the best, the veined or 
mottled Siena, is found near the Seven Churches. It is susceptible of a high polish, and 
exhibits many bright and distinct colours. Marble of the same charncltr also prevails, 
having a dove coloured ground, varied or mottled with Siena colour. In the county of 
Armagh, a Siena, or rather a brownish red marble, is found, containing a great number of 
fossil sliells ; several varieties of colour, from a very light reddish brown to a rather dark 
red, are also met with, more or less marked with shells. At Fallaskenry in the county of 
Limerick, a dark red and mottled marble is abundant, and has been much used. . A red 
coloured marble, of a compact but slaty texture, occurs in the county of Cork, extending 
from the city in a narrow seam, for a distance of several miles. It is hard to work and dull 
in colour : at one time it was extensively used. 

1683c. The serpentine, or green, marble, os it is usually called, of Connemara, in county 
Galway, is of a dull green colour. Blocks are raised of considerable size, from which slabs 
can be obtained, at Barnanoraun quarry, near that at Recess; and at Letternaphy quarry, 
near Clifden ; tlie latter being rather coarse in quality ; while at Tievehaun quarry, near 
Recess, the marble is dark green, very sound, and free from shakes of any kind. Black 
and white marble, and that of a mottled character, occur near Cork, in the counties 
of Waterford, Longford, and Kerry ; some of the varieties are very fine ; tliat obtained 
near Mitohelstown is well marked and receives a high polish. The limestone obtained 
near the 3even Cliurclies in King's county, when polished, produces a good marble 
of an even grey colour. It is strongly mottled with very numerous fossil organic 
remains. It is easily worked, and raised from the quarries in thin beds. This marble, in a 
polished state, has been used in the construction of one of the principal ruins at the Seven 
Churches; some of the stones retain their polish to this time, while others exhibit decay. 
(Wilkinson, Geology, §-c. of Ireland, 1845). A fine purple marble is found at Lough- 
lougher in county Tipperary, which is said to be beautiful when polished. Some of a 
purple colour, and purple and white intermixed with yellow spots, were to be procured in 
the islands near Dunkerron in the river Kenmare. 


JflSSdL Table or the Weights of Marbles. 


Name. 

County or Country. 

Weight per cubic 
foot, ATolrdupois. 

Black • • • « 

Tiree • • • • 

Statuary - • 

ff Ravacoione * * 

Ipplepen* Bartons quarry • ] 

Kilkenny , - - * 

Hebrides, Scotland 

Tuscany - . - 

” . * * * 

Devonshire . • - 

Ibg. oz« dr. 

171 6 0 

172 5 0 

168 10 5 

169 2 8 

163 6 0 


Its tenacity is stated at 6, OCX) lbs, per square inch, and its crushing weight is also put at 
Jt-hnnlK* ikiii. inrh. f Hunt I fl520<7) 
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TIMBER. 

1684. The lufomiation we propose here to lay before the reader relative to the different 
fpeeics of timber is extracted from Miller’s Gardener*8 Dictionary, llondelet’s AH tU BdHr, 
Rtes's CycJopmdia, and Hunter’s edition of Evelyn’s Sylva, To give any thing like the in- 
formation that would satisfy the botanist would be out of place in an architectural work ; 
and we therefore confine our observations to those which will be useful to the student. 

1685. Oak. Of this most valuable timber for building purposes Vitruvius (lib. ii. 
cap, ix.) enumerates five species, which it would now be difficult to identify. That some 
species of the Quercus of the botanists are more valuable for building purposes than others 
no doubts exist Evelyn seems to commend especially the Irish oak, because of its with- 
standing the efforts of the worm ; but it is not easy to ascertain the particular species to 
which he alludes In the present day the Sussex oak is esteemed the most valuable ; a 
value, according to some authors, derived from the nature of the soil and from good 
management in the culture, which is an object of no small importance. 

1686. Generally, it has been usual to consider England as producing, without difference 
in quality, but one species of oak ; but two sorts are well known to the English botanist, 
the Quercus Rohur and the Quercus Sessilljlora. The former is found throughout the 
temperate parts of Europe, and is that most common in the southern parts of England. 
Its leaves are formed with ii regular sinuositus, and their footstalks are short, occasionally 
almost without any at all. It attains a very large size, and the wood is tolerably straight- 
grained and pretty free from knots, in many instances resembling the German species 
called wainscot. It is easily split for making laths for plasterers and slaters, and is beyond 
doubt the best sort for joist, rafters, and other purposes where stiff and straight-grained 
timber is a des-deratum. In the Quercus Sessiliflora, which, though found about Dulwich 
and Norwood, according to Miller, appears to be the common oak of Durham, and perhaps 
of the north of England, the leaves have long footstalks, frequently an inch in length, 
and their sinuosities are not so deep, but are more regular than those of the Robur just 
described. The acorns are so close to the branches as to have scarcely any stalks. The 
wood is of a darker hue, and the grain is so smooth that it resembles chesnut. "Ilian the 
Robur it possesses more elasticity, hardness, and weight, but in seasoning it is subject to 
warp and split ; hence unfit for laths, which in the north of England are rarely of oak. 
There is no reason for supposing, as has been conjectured, that the oak of the Gothic roofr 
of the country is of this species, though we are aware of the great durability of the oak in 
the buildings in the northern part of the island. 

1687. The specific gravity of the species first named, that is, the Qucrcus Robur, may 
DO taken at about *800, and the weight of a cube foot 50*45 lbs. That of the last-named 
at '875, and the weight of a cube foot at about 55 *00 lbs. Their cohesive force and tough- 
ness are proportionable. 

1688. The American species scarcely claim a notice here, because their use in 
England is, from every circumstance, out of the question. Of the red oak of Canada 
(Quercus rubra), the only one of which the use could be contemplated, we merely observe, 
that it is a light, spongy, and far from durable wood, though, in the country, in many 
instances useful. Its growth is rapid, and it rises to the height of 90 or 100 feet. 

1689* There is a species of oak imported from Norway, which has received 
the name of clapboard, and another imported from Holland, known under the name of 
Dutch waintcot, though grown in Germany,' whence it is floated down the Rhine for 
exportation. The latter is destitute of the white streaks which cross the former, and is 
thereby distinguished from it The use of these woods has latterly much diminished in 
England, 'fhey are both softer than common oak, and the clapboard far inferior to 
wainscot They are more commonly used for fittings and fixtures, whereto they are well 
adapted. In damp situations, oak decays gradually from its external surface to the centre 
of the tree ; the ring on the outside, which it acquired in the last year of the growth of 
the tree, decaying first ; but if the tree be not felled till past its prime, its decay is reversed 
by its commencement at the centre. An oak rarely reaches its prime under the age of an 
hundred years ; after that period, which is that of its greatest strength, it cannot be consi- 
dered as fit for building purposes ; and, indeed, it may be taken as a rule, that oak before 
arriving ai its maturity is stronger than that which has passed, ii 

1690. If tne architect has the opportunity of selecting the timber whilst in a state of 
growth, he will, of course, choose healthy, vigorous, and flourishing tree^ Tnoel in 
which the trunks are most even are to be preferred. A mark of decay is detec|ed in ahy 
swelling above ^ general surfeoe of the wood. Dead branches, esf>eeiaUy ai the timyl 
the tree, reader it suspicious, though the root is the best index to its soundneiaC llba 
Dotkin of Alborti (Dc Rt of using all the timber in the same builidiug from 
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the tame forest, is a Ilf tic too fonciful for these days, thou^ we confess wc have some 
givings in impugning an authority which, in most other respects, we are inclined to receive 
with the highest veneration. 

1691. In felling not only the oak, but all other large trees, the great branches should be 
Srst cut off, so that the tree may not be injured or strained in its fall ; and the trunk, 
moreover, must lie sawed as close to the ground as possible. When felled, but not before, 
it is to be barked, trimmed of its branches, and left to season. Before, however, leaving 
it for this purpose, it is considered by workmen better to square it, which, it is thought, 
prevents its tendency to split. If to be employed for posts or bearing pieces, boring it 
lias been employed with success ; but it is necdlui^s to observe, tliat in pieces subject ta 
transverse strains sucli a practice is not to be recommended. 

1692 Tne pieces selected for building must be chosen with the straightest grain ; but 
there are pieces which are occasionally employed, as for knees and braces, wherein a 
curvilinear direction of the fibres of the timber is extremely desirable. It may, however, 
be generally stated, that, in the case of two equal-sized and seasoned pieces, the heavier is 
(he piece to be preferred. 

1695. In oak, as in all other woods, the boughs and branches are never so good as the 
body of the tree ; the great are stronger than the small limbs, and the wood of the heart 
stronger than all. When green, wood is not so strong as when thoroughly dry, which it 
rarely is till two or three years after it is felled. It is scarcely necessary to say, that, con- 
taining much sap, it is not only weaker, but decays sooner. It is weakened by knots, at 
which, in practice, it is found that fractures most frequently occur ; and it is important 
to the architect to recollect that he should always reject cross-grained pieces. 

1694. Tile great use of oak in this country is more for ship-building purposes than for 
architectural, its use, except in the provinces, being principally confined to pieces which 
are much liable to compression, or where great stiffness is required, or in pieces like sills 
to windows and door-cases, where there is much alternation of dryness and damp. So 
early as 1788, the consumption of oak for ship-building pur^ioses was, in that year 
upwards of 50,000 loads. 

1 695. When of good quality, it is more durable than any other wood which is procur- 
able of a like size. In a dry state, it is ascertained to have lasted nearly a thousand years. 
The open-fibred porous oak of Lincolnshire, and some other places, is a bad sort. The 
best is that with the closest grain and the smallest pores. The colour, as is well known, 
is a fine brown ; that which partakes of a reddish hue is not so good as the other. The 
smell of it is peculiar ; it contains gallic acid, and it assumes a black purple colour when 
damp, by contact with iron. It warps and twists much in seasoning, and shrinks in width 
about one thirty -seventh part. 

1696. Chestnut. One of the finest of the European timber trees, the castanea 

of botanists, was heretofore so common in this country, that Fitzstephen, in his description 
of London about the time of Henry IL, mentions a fine forest of chesnuts as growing on 
the northern side of the city. It is slated to have been used in the buildings of our 
ancestors, hut it is very doubtful if it was so employed. Tlie young tree vies with the 
oak in durability, from the small proportion of sapwood it contains. Of its durability, 
the roofs of Westminster Hall, that of King’s College, Cambridge, and that of Notre 
Dame, at Paris, are cited os examples, tiiough the fact of the latter being of chesnut is 
doubted by KoDdclet, who says that BufTon and D’Aubenton thought it a species of cak, 
which is now well known to be the case in the roof first named. 

l6Vf7. Chestnut, however, is not to be trusted like oak. As Evelyn observed, it is often 
well-looking outside, when cayed and rotten within. Belidor says it toon rots when 
the ends of tiinbeTs of it are closed round in a wall. 

1 698. It is, perhaps, from the circumstance of its colour so nearly resembling that of 
oak, that one timber has so often been mistaken for the other. Tlie difierence, however, 
is, that the pores of the sapwood of the oak are larger and more thickly set mid easily 
distinguished, whilst those in the chesnut require magnifying powers to be distmgui^ed. 
But a more decided difference is, that the chesnut has no large transverse septa. It is for 
easier to work than oak, and is not very susceptible of swellu^ and shrinkage. From 
what has been mentioned above, it may be inferred that the wooi though tough and com- 
pact, is, when young, hardest and most flexible, the old wood being often shaky and brittle. 

1 699. Water pipes of this tree endure much longer than those of elm ; and for tubs 
and vessels to hold water, it is superior to o^; for when once thoroughly seasoned, it will 
neither shrink nor swell, on which account it is used by the Itali an s for wine tuns and 
casks, it will thrive on most soils, but rather delights in a rich loamy land, succ^ding 
weQ^ also, on that which is gravelly, clayey, or sandy. Mixed soils are suitable to it, and 
it il found in the warmer mountmnous situations of most parts of Europe. 

1700. From the experiments, the cohesive force of a square inch of chesnut, when dry 
varier ftmti 9570 to 18,000 lbs., and the weight of a euhic foot, when dry, is from 
48to55»ia, 
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1701. Bekch {Fagut Sglvatka), A beautiful tree, growing to a eonsiderable height 
iuid carrying a proportionable trunk. It flourishes most in a dry warm soil, and grows 
moderately quick. The wood is hard, close, has a dry even grain, and, like the elm, 
hears the drift of spikes. The sorts of beech are the brown or black, and the white beech. 
Jt is common throughout Europe. In the southern parts of Buckinghamshire, where the 
soil is chalky, it is particularly abundant; and such is the c;i8e near Warbleton, in Sussex, 
on the southern range of chalk hills, where the beeches are very fine. 

1 702. Constantly immersed in water, the beech is very durable ; such also is the case 
with it when constantly dry ; but mere damp is injurious to it, and it is very liable to ipjury 
by worms, though to these Duhamel considers it much less liable when water-seasoned, 
than when seasoned in the common way. To render it less liable to the worm, it has been 
recommended to fell it about a fortnight after Midsummer, to cut it immediately into 
planks, which are to be placed in water about ten days and then dried. Beech is little use^J 
in building, except for piles, in which situation, if constantly wet, they are very durable. 
From its uniform texture and hardness, it is a good material for tools and furniture, and 
of it, in boards and planks, large quantities are brought to London. It is without sensible 
taste and smell, easy to work, and susceptible of a very smooth surface. The white sort is 
the hardest, though the black is tougher, and, according to Evelyn, more durable. Ths 
weight of a cube foot varies from 43 to 53 pounds. 

1703. Walnut (Juglans, quasi Jovis glans') is of several sorts. The Juglans Regia, 
or common walnut, was formerly much cultivated in this island, as well for the sake of 
its timber os of its fruit. On the former account the importation of mahogany has long 
since rendered its cultivation less common. It flourislies better in a thin limestone soil, 
than in one that is rich and deep, and, if raised for timber, should not be transplanted, but 
remain in the place where it is sown. For furniture, from its rich brown colour, it is by 
many persons preferred to mahogany. Its scarcity renders its employment rare for 
building purposes, though by the ancients it was so employed. One of its properties 
is, that it is less liable to be affected by worms than any other timber; cedar only excepted ; 
but from its brittle and cross-grained texture, it is not generally useful for the main 
timbers of a building. 

1704. The heart- wood is of a greyish brown with dark brown pores, often veined with 
darker shades of the same colour, which are much heightened by oiling. The texture is 
not so uniform «.s that of mahogany, nor does it work so easily, but it may be brought to 
a smoother surface. The weight of a cubic foot is about 45 pounds. 

1705. Cedar (^Pinus Ctdrus) is an evergreen cone-bearing tree, of which though 
several have been grown in this country, it is too scarce to be employed in building. Its 
durability is very great ; such, indeed, that Pliny states cedar to have been found in the 
Temple of Apollo at Utica, which must have been 1200 years old. Its colour is a light 
rich yellow brown, with the annual rings distinct. It is resinous, and has a powc^ul 
smell. The taste is slightly bitter, and it is not subject to worms. It is very straight in 
the grain, works easily and splits readily. Weight of a cubic foot from 30 to 38 pounds. 

1706. Fir (Pinus Sylvestris), The red or yellow fir is produced on the hills of Scot- 
land ; but the forests of Russia, Denmark, Norway, Lapland, and Sweden produce the 
flnest timber of this species. It is imported, under the name of red wood, in logs and deals. 
From Norway the trees are never more than 1 8 inches diameter, whence there is much sap- 
wood in them ; but the heart is a stronger and more durable wood than is had from larger 
trees of other countries. From Riga a great deal of timber is received under the name 
of masts and spars : the former are usually 70 or 80 feet in length, and from 18 to 25 inches 
diameter ; when of less diameter they take the latter name. Yellow deals and planks are 
imported from Stockholm, Frederickshall, Christiana, and various other parts of Sweden, 
Russia, Norway, and Prussia. Of the pine species the red or yellow fir is the most durable ; 
and k was said by the celebrated Brindley, that red Riga deal, or pine wood, would endure 
as long as oak in all situikions. In Pontey’s Forest Pruner, on the authority of Dr. Smith, 
an instance is given of l^e durability of natural-^grown Scotch dr. It is therein stated, 
that some was known to have been 300 years in the roof of an old castle, and that it was 
as fresh and fUll of sap as timber newly imported from Memel, and that part of R iras 
actually wrought up into new furniture. It is to be observed, that foreign limber has 
an advantage too seldom allowed to that which is grown at home, the former being always 
in some degree seasoned before it arrives in this country, and therefore never uaed in so 
unseasoned a state as is usually the latter timber. 

1707. From its great lightness and stiffness it is superior to any other material for beams, 
girders, joists, rafters, and framing in general. In naval architecture it is used for masts 
and various other parts of vessels. In joinery, both internal and external, it stands better, 
is nearly as durable as oak, and k roi^h cheaper. 

1708*^ Thereiiljgteat variety in the colours of the different sorts of this flr ; it is generally 
of a refl pr bWy yellow of diflerent degrees of brightness, and consists in section of bard 
and soft circles alternately, one part of each annual ring being aoil and light coloured, the 
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otlier luir^er and dark coloured, and posseiising a atrong reftlnoiin tante end snivU, When 
not abounding in r€«in it works easily. That from abroad shrinks in the log, from season- 
ing, about one thirtieth part of its width. 

1709. The annual rings of the best sort of this timber do not exceed one tenth of an 
inch in thickness, their dark parts are of a bright red colour. That fVom Norway is the 
Bncst of the sort, to which the best Riga and Memel aie much inferior. The inferior timber 
of this kind, which is not so durable nor so capable of bearing strains, has thick annual 
rings, and abounds with a soft resinous matter, which is clammy and chokes tlie saw. Much 
of the timber of this sort is from Sweden, but it is inferior in strength and stiffhess. Tliat 
which is produced in the colder climates is superior to that which is the product of warmer 
countries, the Norway timber being much harder than that of Riga. The weight of a 
cubic foot of this fir, when seasoned, varies from 29 to 40 pounds. U’hat of English growth, 
seasoned, from 28 to 

1710. White Fir {Pinus abiet), commonly called the spruce of Norway, whosH 
Ibrests produce it in abundance. This is the sort which in deals and planks is imported 
from Christianaj in which condition it is more esteemed than any other sort 'I'he trees 
from which these are generally obtained are of 70 or 80 years* growth, and are usually cut 
into three lengths of about 12 feet each, which are sawn into deals and planks, each length 
yielding three deals or planks. Their most usual thickness is 3 inches, and they are 
generally 9 inches wide. In tliis country they are sold by the hundred, which in the case 
of white as well as yellow deals, contains 120 deals, be their thickness what it may, reduced 
to a standard one of an inch and a half, a width of 1 1 inches, and a length of 1 2 feet. 
What is called whole deal is an inch and a quarter thick, and slit deal is one half of that 
thickness. It unites better by means of glue than the yellow sort, is used much for interior 
work in joinery, and is very durable when in a dry state. 

1711. The colour of the spruce fir is a yellow or rather brown white, the annual ring 

oonsisting of two parts, one hard, the other softer. 'Hie knots are tough, but it is not difficult 
to work. Besides the importation above named, there is a considerable quantity received 
from America. Of the Christiana fir a cubic foot weighs from 28 to 32 pounds when 
seasoned. Tliat from America about 29 pounds ; and the Norway spruce in 

Britain atmut 34 pounds. In seasoning it shrinks about a seventieth part, and afte^^feeiiig 
purchased as dry deals at the timber yards, almut one ninetieth. 

1712. American Pines. The P/nus StrobuSy or what is called the Weymouth or white 
pine, is a native of North America, imported in logs often more than 2 feet square and 
upwards of 30 feet in length. It is an useful timber, light and soft, stands the weather 
tolerably well, and is much used for masts. For joiners* work it is useful from its clean 
straight grain. But it should not be used for large timbers, inasmuch as it is not durable, 
and is moreover very susceptible of the dry rot. Its colour is a brown yellow, and it has 
a peculiar odour, 'llie texture is very uniform, more so, indeed, than any other of the pine 
species, and the annpid rings are not very distinct. It stands well enough when well 
seasoned. A cubic foot of it weighs about 29 pounds. 

1713. The 3 *ellow pine, or Pinvs variabilis, is imported into England, hut it is not 
much used ; it is the produce of the pine forests from New England to Georgia. 

• 1714. The pitch pine (restnosa)^ remarkable for the quantity and fragrance of the resin 
it produces, is a native of Canada. It is brittle when dry. and, though heavy, not durable. 
It is of a much redder hue than the Scotch pine, and from its glutinous property difficult 
to plane. I'he weight of a cubic foot is 41 pounds. 

1715. The silver pine (pzeeu) is commem in the British plantations. This species of' 
timber is^roduoed in abundance, and is much used on the Continent both for carpentry 
and ship-btiilding. It w^light and stiff, and according to Wiebekin, lasts longer in ait 
than in water. A cubic foot weighs about 26 pounds. 

1716. 'I'he Chester pine (pinaster) is occa«iionally cultivated in the British plantations. 
It is better suited to water than exposure to the air, and has a finer grain, but contains less 
resin, than the pine or silver fir. A cubic foot weighs about 26 f>o^tn4s. 

17 Larch (Pi»«« Larix), A timber tree only lately to any ponsiderable extent 
adopl^jSi;;^ the plantations of Great Britain, among whose cultivators the Duke of Athol 
has bden dne of the most ardent and successful. It grows straight and rapidly, is said to 
be durable in all situations, and appears to have been known and appreciated by Vitruvius, 
who regretted the difficulty of its transport to Rome, where, however, it was occasionally 
used. Wiebekin prefers it to the pine, pinaster, and fir, for the arches of timber bridges. 
To fiooring l>oards and stairs, wl>ere there is much wear, it is well suited, and when oiled 
assumes a beautiful colour, auch, indeed, tliat when used for internal joinery, p coat of 
varnish gives it a more beautiful appearance than it could raei^iye from any painting. The 
American larches do not produce turpentine t but considered equal to 

the European torts. It is of a honey yellow colour, and dil^jlitticult^ts'^k the 
H%a or Mirmel timberi ih^gh» when obtained, the surface is fifetter. It 



m THEORT Of ARCHlTECTUttE. Bom IR 

|<) itfili aitd bdlU» aiid staiidB well If properly season^ A cubio foot Veiglit ftbm 30 
of 40 pounds. > 

1718. Poplar. The Popufta of botanists, whereof five species are grown in England i 
the common white poplar, the black, the aspen or trembling poplar, the abele or great 
yrhite poplar, and that of Lombardy. l*he wood of this tree is only fit for the,^oori% of 
inferior rooms where there is not much wear. Evelyn attributes to this wood the property 
of burning ** untoward^ ^ rather mouldering .than maintaining any solid heat Its colour ie 
a yellow or brown white. The annual rings, whereof one side is a little darker than the 
oder, making each year’s growth visible, are of an uniform %yture. Ihe liest sorts are the 
liombardy, the black, and the common white poplar. Of the Ix>mb8rdy poplar, the weight 
of a cubic foot b about 24 pounds; of the aspen and black poplar, 26 pounds; and of tiie 
white poplar, about 33 pounds. 

1719. Aldrr ( Behtla aluug). A tree delighting in wet places by the banks of riv..*r», 
and which furnished the material, says Vitruvius, for the piles whereon the whole of the 
buildings of liavenna stand. In a dry situation it is unfit for employment, on account of 
its early rot when exposed to the weather or to mere damp, and its susceptibility of 
engendering worms. Evelyn says that it was used for the piles upon which the celebtatcd 
3*ridge of the Rialto at Venice was founded in 1591 ; but we have no certain data by which 
such assertion can be maintained. There is, however, no doubt that it may be advan- 
tageously employed in situations where it is constantly under water. 

Its colour IS of a red yellow, of different sliades, but nearly uniform; which latter quality 
is exhibited in its texture. 

From its softness it is easily worked, and seems adapted, therefore, for carving. In a dry 
state the weight of a cubic foot varies from 36 to 50 pounds. 

1720. Elm (C/imus). In Great Britain five species of this tree abound, whereoi 
the U/mwi camptutriSf common in the woods and hedges of the southern parts of England, 
is a liard and durable wood, but is rarely used except for coffins. The Vlmua auberoMf 
or oork-barked elm, is an inferior sort, and is very common in Sussex. 

1721. The Uimus Montana is the most common species in Europe, and particularly in 
the j^thern counties of England. It is more generally known by the name of the broad* 
leavea elm or wych hazel. Without enumerating the other varieties, whereof the Dutch 
elm ( Uimus major) is good for nothing, we shall merely observe, that the Uimus glabra^ 
common in Herefordshire, Es.'sex, and tlie north and north-eastern counties of England, 
grows to the largest size and is most esteemed, whilst the Dutch elm b the worst. ITie elm 
is a durable timber when constantly wet, as a proof whereof we have only to mention that 
it was used for the piles on which the old London Bridge stood. Indeed, its durability 
under water is well known ; but for the general purposes of building it b of little value, 
and it rarely foils to the lot of the architect to be obliged to use it. 

1722. The colour of the heart- wood is darker than that of oak, and of a redder brown. 

1 he sapwood b of yellow or brown-white colour. It is porous, cross and coarse grained.* 
has a peculiar smell, twists and warps very much in drying, and shrinks considerably in 
breadth and length. Tliough difficult to work, it bears the driving of bolts and naiN 
better than most other sorts of timber. The weight of a cubic foot, when dry, varies from 
36 to 48, seasoned from 37 to 50 pounds. From experiment it seems that in seasoning 
it shrinks one forty-fourth part of its width. 

1723. Ash {Fraxinm exedsior). This, the most valuable of the genus, is common 
tiuoughout Europe and the northern parts of Asia. It grows rapidly, and of it the young 
is more valuable than thqold wood. It is much affected by the difference of the soils in 
which it grd^s. It will not endure when subject to alternations of damp and moisture,' 
tliough sufficiently durable when constantly in a dry situation.' Its pores, if ciit in the 
spring, are of a reddish colour, and it b improved by water-seasoning. Evelyn says, that 
when felled in full sap, tlie worm soon takes to it ; and therefore recommends its being 
felled in the months from November to February. The texture is compact and porous, 
the compact side of the annual ring being dark in colour, whence the annual rings are 
dbtinct. Tlie general Colour b brown, resembluig that of oak ; but it b more veined, 
and the veins darker than, those of oak. The timber of the young tree b a v^Ue, ap- 
proaching brown, with a greeubh hue. It has no peculiar taste or smell, is difficult lo 
work, and is too^exible for use in building, beside tiie important want of tlie character of 
durability. The weight of a cubic foot varies from 35 to 52 pounds; and it b to be 
oUerved, when the Veight b much less than 45 pounds the timber is that of an old tree. 

1724. Sycamokx pse^o-plataHus), usually called the plane tree in the northern 
part of the island, is common in Britain and on the mountains of Germany. It b 

in growth, and the wo(^ b du^le when it escapes the worm, to which it b quite as tiable 
it beech. The use of it in buiidin|^ b not fiommon, but for furniture it b valuable. The 
(Solour 11 a brown whit^ yellowbh, and somilllBea iiicUmng to white. Texture luifonnt 
muiM iinga i nd istin c t It b not so hard di beecb^ bnttle^ and gwemlly easy to work, 

A ottbie fiwt wlien seasoned, weighs fronf 84 to 42 pounds. says there art eld 
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h(vusc;s in tht« country floored with sycamore and wainscoied with poplar. It seems w*;!! 
enough calculated for floors. ' 

, 17^5. Birch. Bttula aiba^ or common birch, is a species of alder, to which article the 
refder is referred (1719). The American birch, from Canada, is but little superior to the 
Europem birch. The Russian birch, on account of its clean light colour and silvery 
gratb, has been for many years extensively employed for bedroom furniture. 

1796. A description of fir ( WtHingbrni^i^gantea) has been lately introduced from our 
colony of Victorii^ in Vumouver*s Island, on the western side of North America. It is 
tent in logs, deals, and planks. Instead, however, of being only 14 to 16 inches square, 
and 60 feet long at the maximum, as in the case of Baltic timber, one stick of this timber 
has been sent not less than 127 feet long, and about 42 inches square at one third- of tile 
height measuring from theliutt end, which end was about 50 inches square. It cortauied 
ISO? cubic feet of timber ; this is not an exceptional sixo. A tree is reported to have been 
rut down lately, the circumference of which was 90 feet, and its Iteiglit 325 feet ; the bark 
was in some places 4 feet thick. The tree, sound and solid, contained 250,000 feet of 
timber. It was supposed to lie 3,100 years old. G. R. Burnell states the tenacity of this 
timber to be greater than, and its resistance to a crushing weight apparently superior tm 
Baltic timber. When loaded in tiie centre to the point of instantaneous rupture, the 
couver*8 island wood bore weights which were to tliose borne by English oak as 13 to 12|' 
and to those home by the Baltic fir as 13 to 8. Three-inch cubes of the three woods were 
subjected to weights of 45 tons each, or 5 tons (11,240 Ihs. ) on the inch superficial, when 
the permanent elasticity of oak was not affected, that of the fir only sligiitly so, whilst the 
Baltic timber was permanently and perceptibly compressed. 

1726o., For joiner’s woik, the straightness, freedom from knots, deep warm colour, and 
beauty of the grain, places this timber above any other of the fir or pine woods ; whilst its 
greater hardness would in staircases, floors, &c.. compensate for any slight increase in the 
price of labour for working it. It has been employed by Mr. Burnell in the joiner’s work 
of an office in Lincoln’s Inn Fields. It seems to affect iron somewhat as does oak. 

1727. Mahogany (Swktenia Mahogoni) is a native of the West Indies and the country 
round tile Bay of Honduras. The tree is said to be of rapid growth; its trunk oftni 
exceeds 40 feet in length and 6 feet in diameter. Its Spanish name is cadba, Spanuh 
mahogany is imported from Cuba, Jamaica, Hispaniola, St. Domingo, and some other of 
the West India Islands and the Spanish Main. The best quality is considered to come 
from the sea-board on the south part of the island of San Domingo or Hayti. I he logs 
are from 20 to 26 inches square, and about 10 feet in length. It is close grained, hard, 
sometimes strongly figured, and generally of a rich brown colour, darker than Honduras: 
but its pores frequently appear as if chalk had been rubbed into them. It takes a very high 
polish with hand labour; and French polishing brings out its flower with great lustre. 

1727a. Honduroh mahogany is imported in logs of larger size than the aliovc, that i% 
from 2 to 4 feet square, and from 12 to 18 feet in length ; logs 40 feet in length have lH‘en 
obtained ; planks 6 to 7 feet wide are occasionally imported ; but 5 feet square and 15 feet 
long are the more ordinary dimensions. It is so distinctly inferior to the Spanish quality, 
that no ordinary judge can possibly be mistaken in the normal samples. In weight it is 
lighter ; and it is of a straighter and more open or spongy grain, without much flower, 
and therefore little sought after by cabinet makers. The worst kinds are those most filled 
with grey specks, from which Spanish mahogany, except the Cuba, is comparatively free. 

17276. Spanish mahogany is in this country far too valuable to be used in common 
building. It sometimes sells for as much as 61 per foot cube, when good fir, of nearly 
equal value for sucli purposes, would only cost 2s. at the maximum. In Jamaica, mabogany 
has l>een frequently employed for floors, joists, rafters, shingles, &c. ; and ships have been 
built of it ; for which last purpose, the circumstance of its allowing shot to be buried in it 
without splintering, makes it peculiarly suitable. Soon after its introduction into this 
country in 1724, when a specimen was sent to Dr. Gibbons by his brother, a West India 
captain, it was employed for doors, as at the Treasury, by W. Kent, in 17, $3. Tire better 
qualities are reserved for small articles of cabinet-work and furniture, thb best being errw 
ployed in the form of veneers, of wtiich twenty-one cuts are now got out of an Inch thick- 
ness. Solid work for more general purposes, such aa handrails of stairs, sashes, sash-dobrs, 
and ordinary counting-house and office fittings, &c , is worked out of Honduras mahogany, 
which is also employed as the groundwork for veneers of the finer quality. 

1727c. It is geperally sold at per foot superficial, one inch thick ; the common qualities 
at 5e. to per Cubic foot. It bolds with gltie better than any other wo^. Of 

Htmduras mahogany, the quality called * common aouthem’ wrighs about 26 lbs. i 
* sU|>erior northern * about 42^ Iba ; ‘ good nortbem. ^ about 32 lbs ; and * common northern ‘ 
about S6 Ibl, per cubic foot. All these qutdities are used in sbi]^uilding ; the lightest, fat 
fHHdture. Spanish mahogany weigits 43 oai best from 50 lbs. to 54 per 
^10 feot% 49 kindi €^^ timber aw ^wry durable, and free from the attack ' 

« amm "They df <» crack under the influunce of 
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llHi «un, but they tla not resist ahemations of great wetness and dryness. They shrink but 
little in dryings and twist and warp less than any other wood. 

Aft'ican mahogany (S'tr/eteii/a or Khaym Seneyai^nsui)^ from Gambia, is a more 
recent importation ; it twists much more than either of the above, and is decidedly inferioi 
to them in all respects except hardness. Small quantities of mahogany are also receivetl 
from Jamaica and the other West India islands but they are of a quality so inferior even 
to the Honduras variety, that they are practid^ unknown to timber merchants. Florida 
cedar and other varieties are broquently made to pass as mahogany in cheap works. 

1728. Teas {Tectona grandi^\ has of late years formed a valuable timber for shi|)- 
building; and to a small extent in house, and even cairiage, joinery. The best varieties 
are obtained from the ports of Rangoon or Moulmein (called Moulmein teak and from 
the coast of Malabar (called East Indian teak). It is by no means rare to meet with 
sticks of perfectly straight teak 60. or 70 f.et long, and about 24 to SO inches square. The 
wood is of a light brown colour, porous, very hard, tough, end when soui^d, of great strength 
and tenacity. It derives much of its value from the aromatic oily substance w ith which it 
is miyfe or less saturated in the fresh state ; but this does not prevent its sttack by insects 
whilst in the forest, consequently the trees turn out to be very defective. The wood works 
well ; takes a good polish, and though porous, it is very durable in exposed situations : 
it is considered that its oily properties render it less injurious to iron than oak. The 
tenacity of Moulmein teak is 15,000 lbs. per superficial inch. Some fine planks from 
Rangoon were nearly feet wide. 

1728a. MoauMo saul (^Shnrea rohusta \ of Nepaul. in the East Indies, is in great repute 
for shiphu'lding. It is a heavy, close-grained, light brown wood. I'his timber is con- 
sidered to be the most valuable and extensively used of all the trees of India, but the valu> 
of it is much diminished from the injudicious mode in which it is squared. The »aul or 

timber brought to Calcutta is seldom more than 30 feet in length. In strength and 
tenacity it is considerably superior to the best teak, compared with whicli, Captain Baker's 
experiments prove that its strength as 1121 to 869. F.om Major H. Campbel.'s 

experiments, unseasoned saul broke^^lWi a weight of 1308 lbs. ; seasoned saul with 
1319 lbs, ; and teak wood with 1091 lbs. Considered as a building wood, it is somewlint 
apt to shrink unless very well seasoned, ( Juror*a Reporftf 1851). 

17286. Morra {Mora exceha), sometimes called Demeifwi locust, is sent from Dcmerara 
in South America. It is a valuable timber for shipbiiildilililL 

1728c. Greenheart {iMurna chhroxylon^ or Nectundra rodicet), imported from the Eng- 
li'sh colony of British Guiana, and Braail, possesses the reputation of immunity from the 
attacks of marine boring worms ; and for this reason it is now largely used in hydraulic 
works. Mr. Burnell has stated his conviction from what he saw, especially of two logs, in 
the West India Docks in 1860, that this timber does suffer from the attacks of land insects ; 
and he was at that time in possession of a piece of the timber from Victor Bay, Panama, 
which was completely riddled hy the Teredo navulia, A writer, commenting on this state* 
ment, says that ** his experience proves that greenheart is exempt from the therosion by tl»c 
teredo^ but that a mollusc is found alive in it when arriving here from the West Indies. 
The worm is found in sizes from the lymexylon to the teredo, but it is of a different species, 
and seems not to live when this wood is used in such constructions as dock gates, in tl)is 
country.” The timber squares from 18 to 24 inches, hut usually arrives about 16 inches 
square and 70 feet in length. It is a hard, heavy, fine, but not even-grained wood ; it 
proves strong and durable in positions that are alternately wet and dry. 

1728rf, Among the otlier useful bard woods are: — b The Peon, or Toon wood, an 
Indian wood of Travancore, East Indies, formerly imported to some extent, from 2 to 4 
feet in circumference and 80 feet in length ; but latterly it has been regarded with such dis- 
favour that it is now hardly ever imported. II. The Kowrix, a Kenr Zealand wood. 
III. The Australian Red Cedar. IV. The Sabicue, from Cul^wlil^ was used for the 
steps of the stairs in the Great Exhibition building of 1851, and aft in the Crystal 
Palace at Sydenham. It makes excellent beams and planks. A hea fj(j|^ imen obtained 
of wood was ^ a portion of a large beam, which broke merely in faMUPllrom a truck I ” 
V. The Ikon Bark, of Van Diemen’s Land, Australia, is a very hard and compact wood, 
with a specific gravity heavier than water. VI. Borneo wood, imported from Sarawak, 
was used in 1865 for the doors and staircase in a warehouse in Gresham Street West. It 
is of M peculiar a character that it broke nearly all the saws used to reduce it to battens : 
it is light brown in colour, with a texture very similar to teak. It may probablv be the 
Jffiiian, or iron wood of that country, said to fee impervious to tlie attacks of the white ant. 
It has not been known to decay when immersed either in fresh or salt water. An engi* 
neer who had resided in Borneo for five years, states lie bad never seen a rotten piece of 
SiHsM wood. 

1728^ Besides the weights of various woods given in the text (as marked *) the sub* 
Joined list of the weight per foot cube in pounds avoirdupois, may be useful. 
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^Tabli or VBB WBxomi or Tixbbsb. 


Timber. 

1. 

Rendelet. 

Tredffold. 

Others. 

BumelU 

Acacia - . • 





47‘74 




♦Alder 





S9-74 




Almoiid tree • 





66-74 




♦Ash 





47'52 

52 81 

41-81 


; ♦Beech • . - 





43-63 

53-25 



♦Birch, common 





4i2-S5 




Box - - • 





S5S5 

J 83-00 

1 57-00 



♦Cedar of Lebanon - 





36*50 

35*06 



Chesnut, wild ( Chaiaignier) 




41*47 




♦ „ sweet {Moironier) 




43-73 

37*75 



Cork - - - 

. 




» 

1500 



Cypress, pyramidal - 

- 




39-74 




Ebony ol’ the Alps • 

- 




63‘72 




•Elm 

. 




42-00 

42*06 



„ English - 

- 





■* 

37 31 


„ American 

- 




- 


45*31 


• Fir • - 

. 




31-92 




,, Christiania, white deal 




- 

34*43 



,, Memel - 

. 




- 

37*00 



WellinKtonia eigantea 




- 

- 

- 

42*00 

♦Larch, English 





- 

33*02 

32*56 


Linden - - - 





34-13 




♦Mahogany, Spanish - 




- 

• 

66*43 



♦Oak, common of Canada 




- 

51.18 




„ Virginia red 





35-42 




„ Common 





54*69 




„ American 





- 

• 

44-87 


„ African - 





• 

. 

51.44 


„ English - 



( ftesh 

- 

69*56 f 
46*43 » 

53-31 


♦ Tine, Northern 





37*17 




„ Yellow • 





• 

. 

25*69 


„ Baltic • 





. 

- 

29*06 


„ Red 





• 

41*06 

33*44 


„ Pitch - 







45*75 


„ Weymouth or Yellow 




- 

40*76 



Plane - - . 

- - 




37-58 




♦Poplar, of Italy 





24*25 




■ 





. 

23*93 



Service tree (Omnwr) 





55 07 




♦Sycamore 





38-88 

37-75 



♦Walnut - . - 





41-04 

41*93 



*, American - 





'41-90 




Yew • • 





47-09 




Teak, AfHean 





. 

. 

60*56 


M Indian - 





. 

46-87 

38*12 


Moulmein 






. 

- 

32-00 

n Malabar 

Morra - - - 





- 

. 

71*25 

38-00 
S5^#5 
( 57-80 

Sabicue ... 







5 59*69 

5 57*31 







(64-60 

( 63*63 

Greenheart • 





. 

• 

69-75 


Iron wood • 





• 

• 

73-50 


Cowrie • 






aew 



Morung 8aul • 


• 



• 

• 


{ 43*87 to 
1 45*87 

Indian Saul « 


m 



• 

1 m 

• 

52*63 

lion Baik « 


m 



- 

« 

m . 

65*60 
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1728/. The chief woods employed iH'Shipbiuiding apd Ackn^Iedged as ** 6rst<rate ** by 
the authorities at Lioyds, are eight in numb^. lliese are, 1. English oak ; II. American 
live onk; 111. African oak; IV. Mon^ng Saul; V. Ea^t Indian Teak; VI. Green* 
heart; VII. Moira; and VI II. Iron Bark. 

1729. In timber yards, deals are sold, by. the long hundred or six score; thus t’ e 
^standard** of deals is reckoned as 120 — 12 (t. x in. x 11 ins., but varying lengths and 
thicknesses are imported (See par. 2302 and 2363). 


1 Names. 

No. 

- 

Ft. long. 

Iu8. thk. 

Wide. 

Sup. ins. 

Cube ft. 

Petersburg deals - 


120 

12 

u 

11 

1980 of 1" 

165 

„ battens 


120 

12 

21 

7 

- . 

175 

Dantxig denis 


120 

12 

l| 

12 

- 

180 

Norway „ 


120 

12 

3 

9 

3240 

270 

Sweden „ 

• 

120 

14 

3 

9 

- 

315 

Baltic deck deals - 


. 1 

40 

3 




Christiania standard 


120 

11 

U 

9 

1237J of 1" 

10,-5^ 

Drammen 


120 

9 

qI 

6i 

Ditto - - - 


120 

13 

l} 

9 

1462 of 1" 

121| 

Quebec, long 


100 

12 

4 

3 

1 1 


Ditto, short 


120 

10 

11 

2750 of 1" 

229} 

270 

London and Dublin 


120 

12 

3 

9 

3240 of 1'' 


riie me surements have been reduced to one standard of 12 ft. long, Sin. thick, and 
9 m. wide. Two of the latest works for calculating deals according to this, the Petersburg 
standard hundred, are, J. Smith, Companion to Hoppus • Handbook of Tables for the 
ttsco/* 7Vw6cr ^c., London, 1860 ; and Grandy, Timber Importers* ^ ^c. Standard 

(wuide^ 8 VO., London, 1865, to which latter work w'c are glad to refer the student, and 
from which we select the folh^wing extracts : — 

1729<*. “ American Ports. — At Quebec, there are three qualities of spruce deals, 1st, 2nd, 
and 3rd. Irregular size scantlings are scarcely ever shipped from this port, the gener. l 
run being battens, 7 x S ; deals, 9 x .S ; and planks, 11 x 3, 7 x 2, 9 x 2, and 11x2; general 
lengths from 8 to 14 feet. All under 8 feet are classed as “ ends.’* Ye low pine battens, 
deals, and planks are shipped as 1st, 2nd, and 3rd qualities. Battens are not so valuable 
as deals and planks, some of the latter running U to 30 inches ; the finer qualities bear a 
liigh rate. 

1729ft. St Johns deals rank after those of Quebec in quality. Battens, deals, and 
planks run from 8 to 26 feet ; all lengths under 8 feet Iwing classed as ends. All deala 
are scarcely ever dassi d into 1st, 2nd, and 3rd, but taken by the run ; the sizes 7x3, 
9 X 3, and 11x3, being the highest in price. Irregular scantlings, such as 3 x 3, 4 x 3, 
6 X 3, 5 X 2^, &c., are less per tljousand. 

1729c. PugwaaK Mirant khi, and other Lower Porta. Battens, deals, and planks are 
obtained as at St. John's. The deal is a closer grain, hut coarser, and hence not so valuable. 
Tl»e lengths run from 8 to 14 feet, all under 8 feet being ‘ends.’ Scarcely any irregular 
scantlings are shipped from these ports. The square timber at the American ports is 
generally purchased by the cubic foot. 

1729(7. Baltic Ports. —A/eme/. Battens and deals are scarce ; planks form the bulk of 
the Simher imported. They all run from 8 to 20 feet. They are genetglly sold by '120 
feet run of 11x3, «» 1 Petersburg standard. Battens and deals run 7 x .3 find 9 x 3. 
Christiania, Battens and deals, and Drammen deals run 9 x 3, 7 x 3, or 7 Crown 

Memel, Square timber is generally sold by the 50 running feet, as lit middiing, 
and 2nd middling. But ^‘undersized ** timber, that is, under 12 inches square, it sold 
hy 50 cubic feet, or by 50 running feet. There are also “ short lengths of undersized ” 
timber. 

lT29e. Home Trade. — At London, pine deals are sold by the Petersbuig, and spruce 
de-ds by the London, standard. Square timber is sold by the load, or 50 cube feet, or by 
the cube foot, calliper measurement. At Liverpool and Bristol, deals are sold by the 
Petersburg standard ; square timber by the load or foot, string measurement At Glasgow, 
deals are sold by the cube foot ; square timb.^r by the cube foot string measurement At 
Dublin, deals are sold by the London or Dublin standard of 120, 12x9x3; square timber 
by the ton of 40 feet, string measureipent.” 

172^ These timbers arc used in building for the undermentioned purposoi 
loists and main timbers : The largest of Dantzic, Memel or diga; fir ; ^ose ii 10 or ISi 
inches square, from Sweden ; those of 8 inches squarei trura Norway* 
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Partitfons and minor tiititiers: American red wood or red pine, wbldi not being lo 
ftrong ns that from the Baltic, must be cut to a little larger size. 

Sleepers, window sills, and some parts of the roof : Oak. 

Framing : Norway and Ciiristiania white deals ; Christiania yellow deals are sappy; Swedish 
deals are bad, as they warp much. 

Panelling: C'bristiania white pine ; or American yellow pine. 

Best ordinary doors: Drammen and Christiania white deals; American pitch pine/ 
American deals are bad for floors, as they are a softer wood. 

Ground Hoors : Stockholm and Oede yellow deals. 

Warehouse doors, and Staircases: Archangel and Onega planks, and American pitch pine. 
Best doors : Petersburgh, Onega, and Christiania battens. 

Interior dnishings generally : Baltic red and white wood, and American red and yellow pine* 
I7ii9g. Memel timber is generally considered the most convenient for size, and is 
superior in strength to the Swedish, or Norwegian; Riga, the best in quality ; Dantzio, 
when free from large knots, the strongest ; and the Swedish, the toughest, but weakest. 
Riga can always be depended upon, and although the dearest in price, is the cheapest 
in the end. 

1730. We shall now place before the reader, obserx’ations on timber made by the cele» 
brated Evelyn though perliaps at the risk of repetition in what follows after them. 

17S1. •* Lay up your timl^rs very dry, in an airy plac^ yet out of the wind or sun, and 
not standing very upright, but lying along, one piece upon another, interposing some short 
blocks between them, to preserve them from a certain mouldiness which they usually con- 
tract while they sweat, and which frequently produces a kind of fungus, especially if there 
be any sappy parts remaining. 

1732. ** ^me there are yet who keep their timber as moist as they can by submerging 
it in water, where they let it imbibe, to hinder the cleaving ; and this is good in fr, both 
for the better stripping and seasoning ; yea, not only in fir, but other timber. Lay, there- 
fore, your boards a fortnight in the water (if running the better, m at some mill-pond 
head); and there, setting them upright in the sun and wind, so as it may freely pass through 
them (especially during the heats of summer, which is the time of finishing buildings), 
turn them daily ; and thus treated, even newly sawn boards will floor far better than many 
years* dry seasoning, as they call it. But, to prevent all possible accidents, when you lay 
your floors, let the joints be shot, fitted, and tacked down only for the first year, nailing 
them for good and all the next ; and by this means they will lie staunch, close, and with- 
out shrinking in the least, as if they were all one piece. And upon this occasion 1 am to 
add an observation, which may prove of no small use to builders, that if one take up deal 
boards that may have lain in the floor a hundred years, and shoot them [plane their edges] 
again, th«y ^iU certainly shrink (toties quoties) without the former method. Amongst 
wheelwrights the water seasoning is of especial regard, and in such esteem amongst some, 
that 1 am assured the Venetians, for their provision in the arsenal, lay their oak soma 
years in water before they employ it. Indeed, the Turks not only fell at all times of the 
year, without any regard to the season, but employ their timber green and unseasoned ; 
BO that though they have excellent oak, it decays in a short time, by this only neglect. 

1733. “ Elm felled ever so green, for sudden use, if plunged four or five days in water 
(especially salt water), obtains an admirable seasoning, and may immediately be used 
1 the oftener insist on this water seasoning, not only as a reinetly against the worm, but 
for its efBcocy against warping and distortions of timber, whether used within or exposed 
to the air. Some, again, commend burying in the earth *, others in wheat ; and there 
be seasonings of the fire, as for the scorching and hardening of piles, which are to stand 
either in the water or in the earth. 

1734. ‘‘When wood is charred it becomes incorruptible; for which reason, when we 

wish to preserve piles from decay, they should be charred on their outside. Oak posts 
used in enclosures always decay about two inches above and below the surface. Charring 
that part would probably add several years to the duration of the wood, for that to most 
timber it contributes its duration. Thus do all the elements contribute to the «art of 
seasoning. " i; 

1735. “ Timber which is cleft is nothing so obnoxious to reft and cleave as what it 
hewn ; nor that which is squared as what is round : and therefore, where use is to bs 
made of huge and massy columns, let them be bored through from end to end. It is an 
excellent preservative from splitting, and not unphilosophical; though to cure the accident 
painter*^ ^utty is recommended ; uso the rubbing them over with a wax cloth is good ; 
or before tt be ooUverted the smearing the timber over with cow-dung, which prevents the 
effects both of sun and air upon it, if of necessity it must lie exposed. But, besides the 
for mm’ remedies, I find this for the clotdng of the chops and clefts of green timber, to 
anoint and suppfo it with the fot of powders beef broth [we do not quite agree with our 

hejpeJ, wkfa sriiioh it must be well soaked, and the chasms filled with sponge* 
dijqpefi info lo Itn Wioe done over. 
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1736. « We before iMjuaring 5 and 1 would now recommend the quartering of 

fftich trees as will allow useful and competent ecantlings to be of much more diiniblencM 
and effect for strength, than where (as custoihis and for want of observation) whole be« ns 
and timbers are applied in ships or houses, with slab and all about them, upon false suppo* 
^^f^ictions of strength beyond these quarters. 

1787. “ Timber that you have occasion to lay in mortar, or which is in any part c m- 
liguous to lime, as door$, window cases, groundsils, and the extremities of beams, Ac., 
have sometimes been capped with molten pitch, as a marvellous preserver of it from the 
burning and destructive effects of the lime ; but it has since been found rather to heat and 
decay them, by hindering the transudation which those parts require ; better supplied with 
loam, or strewings of brick-dust or pieces of boards; some leave a small bole fbr the air. 
But though lime be so destructive, whilst timber thus lies dry, it seems tliey mingle it 
with hair to keep the worm out of ships, which they sheathe for southern voyages, tliough 
it is held much to retard their course. 

1 738. ** For all uses, that timber is esteemed the best which is the most ponderous, and 
which, lying long, makes the deepest impression in the earth, or in the water being floated ; 
also what is without knots, yet firm and free from sap, which is that fatty, wliiter, and 
softer part called by the ancients cUbumen, which you are diligently to hew away. My 
I.ord Bacon (Exper. 658.) recommends for trial of a sound or knotty piece of timber, to 
cause one to speak at one of the extremes to his companion listening at the other ; for if it 
be knotty, the sound, says he, will come abrupt.** 


PRESCKVATION OF TIMBER. 

1 1 39. 'fhe preservation of timber, when employed in a building, is the first and most im- 
portant consideration. Wherever it is exposed to the alternations of dryness and moisture, 
the protection of its surface from either of those actions is the principal object, or, in other 
words, the application of some substance or medium to it which is imperviuble to moisture ; 
but all timber should be perfectly dry before the use of the medium. In Holland the ap* 
plication of a mixture of pitch and tar, whereon are strewn pounded shells, with a mixture 
of sea sand, is general ; and with this, or small and sifled beaten scales from a blacksmith’s 
forge, to their drawbridges, sluices, and gates, and other works, they are admirably pro- 
tected from tlie ellects of the seasons. Semple, in his work on aquatic building, recom- 
mends, that after your work is tried u)>, or even put together, lay it on the ground, with 
stones or bricks under it to about a foot high, and burn wood (w^ch is the best firing for 
the purpose) under it, till you thoroughly heat, and even all over ; tlien, whilst the 

wood is hot, rub it over plentifully with linseed oil and tar, in 0 quad parts, and well boiled 
together, and let it be kept boiling while you are using it ; and" this will immediately 
strike and sink (if the wood be tolerably seasoned) one inch or more into the wood, close 
all the pores, and make it become exceeding hard and durable, either under or over water.*’ 
Semple evidently supposes the wood to hove been previously well seasoned. 

1 740. Chapman (on the preservation of timber) recommends a mixture of sub mlphate 
of iroi^ which is obtained in the refuse of eopperas pans, ground up with some chosp oil, 
and made sufficiently fluid witli coal-tar oil, wherein pitch lias been infused and mixed. 

1741. For common purposes, what is called sanding, that is, the strewing upon the 
painting of timber, before the paint dries, {larticles of fine sand, is very useful in the pre- 
servation of timber. 

1743. Against worms we lielieve nothing to be more efficacious than the saturation of 
timber with any of the oils; a process which destroys the ii.sect if already m the wood, with 
that of turpentine especially, and prevents 4he liability to attack from it iOvelyn recom- 
mends nitric acid, that is, sulphur immersed in aquafortis and distilled, as an effectual ap- 
plication. Corrosive sublimate, lately introduced under K van's patent, has long been 
known as ap eflRictual remedy against the worm. Its poisonous qusditiet of course destroy 
ell animal life with which it comes in contact; and we believe that our readers who are 
interested in preserving the timbers of their dwellings may use a solution of it without 
infringing the rights of the patentee. But tlm best remedy against rot and worms is 4 
thorough introduction of air to the timbers of a building, and their lying as dry -and as free 
from moisture as practicable. Air lmles from the outside should be %pli«d as much as 
possiblet and the ends of timbers should not, if it can be avoided^ be brnded up close all 
round them. This practice Is, moreover, adrisaliie in mnotlfth^vramect, of being abhv. 

’ without injury to a building, to splice the ends of HiO tifiibmt shbuld they become decayed* 
without involving the rebuilding of the febric ; a fiiciUty of no mean; conuderStion. 

1743. The worm is so destructive to timber, both in and out hf wmer, that we shall not 
apologise^ closing this part of our observations with ^eaten% tieiiuirks u|h»n a species of 
worm which he foUnd in Bridlington piers. ** This worm ap^ars as a siPall soft 
auUtaaoe* Bke a.m^iE^^ '» ^ as not to be seen distloctly without a magij%ing 

and mn then a distinction of its parts is not easily made out It does not 

" ’ . . ■ 
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to make its tlirougb the wood longlttidinallf, or alofng the gnuki, as is the case with 
common abtp worm, but directly, or ol^^quely, inward. Neither does it appear to make 
its way by means of any hard tools or instmments; but rather by some species of dissolvent 
liquor furnished by the juices of the animal itself The rate of progression is, that a three 
inch oak plank will be destroyed in eight years by action front the outside only." For re-^ 
listing the effects of these worms, Smeaton recommends 'the pQ^ to be squared, to be fitted 
as closely as possible together, and to fill all openings with tar and oakum, to make the 
&ce smooth, And cover it with sheathing. 

1744. The destructive effects of the white ant are so little known here, that it is unne- 
cessary to make fbrther mention of them, than that in India they are the most inveterate 
enemies with which timber has to contend. From Young’s Annals we extract the following 
curious statement of experiments made upon inch and a half plonks, from trees of thirty to 
forty-five years’ growth, after an exposure of ten years to the weather. 

Cedar was perfectly sound. Chesnut, very sound. 

Larch, sap quite decayed, but the heart, Abele, sound. ^ 

sound Beech, ditto. 

Spruce fir, sound. Walnut, decayed. 

Silver fir, in decay. Sycamore, considerably decayed. 

Scotch fir, much decayed. Birch, worthless. 

Pinaster, in a perfectly rotten state. 

Whence we may be led to some inference of the value of different sorts of timber in 
resisting weather ; though we must not be altogether guided by the above table, inasmuch 
as it is well known that the soil on which timber is grown much increases or deteriorates 
Its value, and that split timber is more durable and stronger than that which is sawn, from 
the circumstance of the fibres, on account of their continuity, resisting by means of 
their longitudinal strength ; whereas when severed by the saw, the resistance depends more 
on the lateral cohesion of the fibres. Hence whole trees are invariably stronger than spe- 
cimens, unless these he particularly well selected, and of a straight and even grain ; hut in 
practice the results of experiments are on this account the more useful. 

DECAT or TISlBER. 

. 1 745. If timber, whatever its species, he well seasoned, and be not exposed to alternate 
dryness and moisture, its durability is great, though from tidie it is known to lose its 
elastic and cohesive pow9i%'ai]d to become brittle if constantly dry. On this account it 
is unfit, after a certain pe|tbd, to be subjected to variable strains : however, in a quiescent 
state it might endure for centuries. Dryness will, if carried to excess, produce this cate- 
gory. The mere moisture it absorbs from the air in dry weather is not sufficient to impair 
its durability. So, also, timber continually exposed to moisture is found to retain for a 
very long period its pristine strength. Heat with moisture is extremely Injurious to it, 
and is in most cases productive of rot, whereof two kinds are the curse of the builder, the 
wtt and the dry rot, though perhaps there be^but little difference between the two. They 
appear to be produced by the same causes, excepting that the freedom of evaporation de- 
termines the former, and an imperfect evaporation the ktten In both cases the timber is > 
affected by a fungus-like parasite, beginning with a species of mildew ; but how this fungus 
is generated is still a vexata ^uaatio ; all we know is, that its vegetation is so rapid, that 
often before it has arrived at its height, a building is ruined. From our inquiries on the 
Continent, we believe the disease does not occur to the extent that it does in this country ; a 
fiwjt which we are inclined, perhaps erroneously, to attribute to the use of the timber of the 
country, instead of imported timber. Our opinion may be fanciful, but there are many 
grounds on which we think that is not altoge^er the case. Our notion is, that our im- 
ported timber is iitfected with the seeds of decay long before its arrival here (we speak of . 
fir more especudly), and that the comparative warmth and moisture of the dimate bring 
more effectually the causes of decay into action, especially w^re the situation is close and 
confined. Warmth is, doubtless, known to be a great as^t in the dry rot, and most espe- 
cially when moisture co-operates with it, fbr in warm cdlars and other close and confined 
situations, where tiftr vapour which feeds the disease is not altered by a constant change 
id( air^ the timbers are toon destroyed, and become perfectly decomposed. 

^ The lime, and mold specially the damp brickwork, which leceive the timbers of ^ 
a new Wildingir are great causes of dem^ to the ends of them ^ but we do not think that 
the regulations of ftie 19 Car. IL tap. d., which directed the builders after the fire of 
London, to b# the ends of their girders and joUts in loam instead of mortar, would, if 
followed out in^e present 4sy, be at all effective in preventing the decay incident to the 
ends of timbers, In a {>erfectly dry state, does imLnppear to be injured by dry 

Jime; lisid indeed^ Bmo Is known to be effisctual in the protection of wood against worm^ 
fisnbar in eontsot with nasaonry ia oon8taqt|y found to decay, when the otlier parts of thif 
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he«m h«ve been sound. This will be entirely obviated by inserting the wood in an iron' 
shoe, or by placing a thin piece of iron betwixt the wood and the stone. Cases are known 
. in which the iron shoe a|)peared to have proved a complete protection against dry rot and* 
decay ; a hard crust being formed on tiie timber in contact with the metal. The system of 
grouting must contribute to the early decay of Wi od bond ; but at Manchester, where it 
was usi'd very generally, it appeared to answer well, for the high temperature kept up in 
the buildings may cause the walls to dry very soon. Sea-sand, used tor outside and in* 
side purposes, in a spirit of economy, soon shows the result by inducing the appearance of 
rot in timber. Wo(^ laid in sandy Soil is well preserved, as was found to be the case in 
the specimens lately Hug up at Birkenhead from depths varying ih>m 8 feet to feet 
they were considered to have been buried for centuries* 

1747. Nothing is more injurious to the floors of a building than covering them with 
.jpalat'd floorcloth, which entirely prevents the access of atmospheric air, whence the damp- 
ness of the boards hever evaporates ; and it is well known thst oak and fir posts have been 
liTought into premature decay by painting them before their moisture had evaporated; 
whilst in the timitcr and pewing of old churches, which have never been painted, we see 
them sound after the lapse of centuries. Semple, in his TVeatise on Building in fVater^ 
notices an instance of some field gates made of the fir of the place, part whereof, near the 
mansion, were painted, and had become rotten, while those more distant frem the mansion, 
which had never been painted, were (|uite sound. 

1747a. According to Baron Liebig, the decay of wood takes place in the three 
following modes: — I. The oxygen in the atmosphere combines with the hydrogen of 
the fibre, and the oxygen unites with tlie portion of carbon of the fibre, and evapo- 
rates as carbonic acid; this process is called decomposition. II. The actual decay 
of the wood which takes place when it is brought in contact with rotting substances. And 
IH. The inner decomposition of the wood in itself, by losing its carbon forming carbonic 
acid gas and the fibre under the influence of the latter is changed into white dust ; this is 
called putrefaction. 

PREVENTION OF DECAV. 

1748. After timber is felled, the best method of preventing decay is the immediate re- 
moval of it to a diy situation, where it should be stacked in such a manner as to secure 
a free circulation of air round it, but without exposure to the sun and wind, and it should 
be rough squared as soon as possible. Wlien thoroughly seasoned before cutting it into 
scantlings it is less liable to warp and twist in drying. The ground about its place of de- 
posit should be dry and perfectly drained, so that no vegetation may rise on it, Hence 
a timber yard should be strewed with ashes, or the scales from a foundry or forge, which 
supply an admiral)le antidote to all vegetation. It is thought that the more gradually 
timber is seasoned the greater its durability ; and as a general rule, it may l>e stated, that 
it should not he used till a period of at least two years from its b. ing felli d, and for joiners* 
n'ork at least four years. Much, however, is dependent on the size of the pieces. By some, 
water seasoning has been rect^mmended ; by others the steaming and boiling it ; smoke- 
drying, charring, and scorching have also been recommended. I'lte latter is, perhaps, the 
best for piles and other pieces that are to stand In the water or in the ground. It was prac- 
tised by the ancients, and is still in use generally for the posts of park paling and the like. 

1749. In Norway the deal planks are seasoned by laying them in salt water for three or 
four days, when newly siwed, and then drying them in the sun, a process which is con- 
sidered to l>e attended with advantage ; but it does not prevent their shrinking. Mr. Evelyn 
recommends the water seasoning for fir. 

1749a. The effectual seasoning obtained by Davison and Symington's patent process ot 
forcing heated air in a continued current through tjinber under pressure, effectually dries 
it, and coagulati S the albumen. The timliers for the flooring of the Coal Exchange at 
London have been so treated, and show no signs of shrinkage. The wood was taken in its 
natural state, ai)d in le.ss than ten days k was thoroughly seasoned ; in some cases from 10 
to 48 per cent of moisture was taken out of it. The air when heated to about 110® or 120® 
is sent through the timber at a rate of about 48 miles per hour ; the heat being regulated 
according to the quality of the timber. Honduras mahogany exposed to a beat of 300®, 
would have the whole of the moisture taken from it in 48 hours. This process, however, 
sometimes splits the timber. Out of a hundred specimens of wood experimented upon, 
varying from one inch to twelve inches square, iiot one of them split : even some cmenings 
which were visible before the process was applied, were found tohe closer after it. Ferhaps 
9 inches square is the limit to which the operation can lie successfully applied* 

1750. Notwithstanding, however, all care in seasoning, when timber is employed in a 
dump situation it soon d^ays ; and one of the principal rmedies against that is good 
disittage, without which no precautions will avail It is most iinporrant ta take care that 
aarth should not lie in contact with the walls of a building, for the damp is quickly oom* 
Iteunicated, in that case, by their means to the ends of tindiers, and rot soon fblTowa, £96 
Mpedient to guard against this contingency is to good as what are called air drains. 
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1751. Wh<»n the earcass of a bialdmg is complete, it should be left m long as pomilde 
to dry, and to allow to the t'lnbers what may be calli*d a second seasoning. The modern 
praottoe of finishing buildings in the quickest possible period, has contributed mc^re to dry 
rot than perhaps any other cause ; and for this the architect has been blamed instead of hit 
employer, whose object is generally to realize letting or to enjoy occupation of ti em as 
early as possible. After the walls and timbers of a building are once tlmroughly dry, all 
nteans should be employed to exclude an accession of moisture, and delay is then prejudictah 

1752. Among the many inventions to preserve wood from di CMy, those of England have 
proved the most successful In 1737 a t>atent was granted to Mr. Emerson to prepare 
timber with hot oil This was followed by various recommendations early in the present 
century ; those of later ^te consist of :~>I. Kyan*s process, 18.32, who steeped the timlier 
in a solution t>f bichloride of mercury^ known as corrosive sublimate (pnr. 1742.) It appears ^ 
to penetrate fir^ less than some other woods ( Faraday). The wood thus treated becomesJl^t; 
less specific gra^ty, less flexibility, and more brittle. II. Sir William Burnett’s patent of ' 
1836, was for using the chloride of zinc. III. M. Brcant in 1837 suggested ‘siilpliate ol 
iron, which wai^found not to alter the qualities of the timl)er as did the corrosive sublinuite, 
IV. M-irgary’s patent, 1837, is for steeping timber in a solution made of one pound ol 
julphate of copper with eigi t gallons of water. Wood impregnated with sulphate ol 
copper (blue vitriol) will not last longer in sea water than any other wood. Bat wood so 
treated will last longer in the soil than if either tarred or charred. Its application for the 
prevention of rot is beneficial, and it might be used where not exposed to the action 
of water, on account of the solubility of the salts. The proportion of the sulpitate should 
be one pound to four gallons of water ; we have also met with the proportion of one pound 
to two gallons j perhaps the strongest is tl e best (par. 17526.) V. Payne, 184 1, patented 

a system for using two solutions; first, sulphate of iron, winch would form an oxide of 
iron in the cells; and secondly, carbonate of soda: some very good results were obtained, 
but tlie process must Ire done under pressure and with the greatest care. 

1752a. VI. Betbell’s patent, 1838, consisU in the injection of oil of tar, containing crea- 
s(<te and a crude solution of acetate of iron, cummonly called pyrolignite of iron, after the 
air in tlie wood has been extracted. This process is effective to a great extent, and full 
particulars are given by G. R. Burnell in his paper read before the Society of Arts 1860, 
from which we have been quoting. It, however, can only be recommended for railways 
and other large works ; the offensive smell and increased danger by fire should deter 
its use in hou«;e building. In tlie best creasoting works, the oil is injected at a temperature 
of 120® and under a pressure of 15011)8. on the square inch, so that ordinary fir timber 
absorbs 10 lbs. weight of the creasote per cubic foot; the wood should be weighed t.) 
ascertain that it did absorb that quantity. For all engineering purposes, fir timber thus 
treated is far more durable than the best oak, teak, or other bard woods, and the cost of 
tiie operauon is very small. Timber which has just been taken out of water contains so 
large a quantity that it resists the entrance of the oil ; unless time, therefore, be given for 
it to be first dried, it would necessarily be badly prepnn d. 

17526. VII. Dorsett and Blythe. 1863, patented the injection of heated solutions of 
Bulphate of copi er (par. 1752, IV.), a process said to have bt en adopted by French, Spanisii, 
Italian, and other railway companies. Amongst its advantages, tht y state that wood .‘^o 
prepared is rendered to a great extent incombustible; and that for out-door purposes it has 
a clean yellowish surface, without odour, requires no painting, remaining unciiangtd 
for any length of time. 

1762c. Experience of the English processes shows that creasoting Is the most generally successful ; the 
application of the sulphate of copper is satisfactory in many oases ; while the otfior processes, although 
uo doubt of oocasionni value, have be< n p aoticaHy' abandoned. They all depend for their success upon 
the skilful and conscientious manner in which the are applied ; for as they involve chemical aotious on 
a large scale, their efhciency must depend upon the observation of the minute practlual precautions 
required to exclude any disturbing causes. 

1762d. Oarbolineum Avenarius is said (1887) to be an effloiont preservative of wood against all external 
and intemsll injurious Influenc. s, driving the moisture out of it by making it impervioos to damp, and 
is stated to be a preservative against the attack of white ants In hot climate a. Being thin and liquid it 
•oaks into the wi od readily. One gallon will cover from 30 to 60 square yards, 

1753. It is no easy matter to cure the dry rot where it has once taken root. If it be 
found necessary to substitute new timbers for old ones, every particle of the fungus, known 
as the MeruUue Uxtrymann^ must be removed from the neighbourhood of such new timber^. 
After scraping it from the adjoining walls and timbers, perhaps no better application than 
one of the washes above meniionad can be employed. About 300® of lieat would effect 
the same pur()ose, but this is difiicult in application. Coal tar has been found useful, but 
its <^our, arising at a morierate degree of heat, » an objection to its use. A weak solution 
of vitriolic wsld with water will generally stop the rot if it have not gone too far. Pyro- 

i8 recommended for preventing the spreading of the disease. The preeantious 
alHBvefor the prevention of 4ec§y, although not always successful, must be deemcii 
prefei^e tu the application ofafter remedies. 
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IRON. 

754. Iron is a metal fouiia in almost all parts of the world, and though not mentioned 
Homer, and hence, we may suppose, in his time extremely scarce, it is now more abtin- 
£int tlian any of the other metals, and Is, at the same time, the most useful. Although, witl* 
the exception of tin, it is the lightest of all metals; yet it is, when pure, very malleable and 
extremely hard. Its malleability is increased by heat, whereas most other metals, as they 
are heated, become more brittle. It is the only known substance whereon the loadstone 
acts, and its specific gravity to water is as 7632 to 1000. 

1 755 . The iron manufactured in Great Britain is obtained froth tluM ^ecies of the ore. 
The Lancashire^ which is very heavy, fibrous in texture, and of a dark purple colour in* 
dining to black, and lodged in veins. The Bog ort^ which has the appearance of a deep 
yellow clay, and is found in strata of from twelve to twenty inches in thickness. And 
lastly, Iron stones^ of ati irregular shape, frequently in beds of large extent, similar to othei 
stony masses, and often intersected with seams of pit coal. It is principally from the argil* 
laceous ore or clay iron-stone that iron is extracted in this country. 

1 756. After raising, the ores are selected and separated as much as possible from hetero- 
geneous substances. They are then roasted in large heaps in the open air, for the purpose 
as well of freeing them from the arsenic and sulphur they contain as to render them friable 
or easy of reduction to a powder. The roasting is performed by means of bituminoui 
coal, and the result is a substance full of fissures, friable, and a deprivation of all vitreoui 
lustre. After this it is transferred to the crushing mill for complete pulverization, 
whence it is carried to the smelting furnace for conversion into iron. Herein it undergoes 
two separate processes: first, the reduction of the oxide to a metallic state; second, the 
separation of the earthy particles in the form of scoria. These operations are conducted by 
submitting the ore, ordinarily mixed with certain fluxes, to the action of carbon at a ver^i 
liigh temperature, in what are called blast furnaces, which vary in height from twelve to 
s.xty feet, and are of the form of truncated cones, sometimes however of pyramids, 
terminating usually in cylindrical chimneys, whose internal diameter is from four to sii 
feet. The interior of these furnaces is usually of a cylindrical form, whose internal dia- 

. from four to six feet. Their cavity is usually of a circular form, except at the 
hearth, where it becomes a right rectangular prism, oblong in a direction 
Rcular to the blast orifices or tuyeres of the bellows. The sides of the crucible are 
most commonly formed of gritstone. ITie boshes, which are in the form of an inverted quad- 
rangular pyramid approaching a prismatic shape, arc placed above the crucible, and alyove 
them rises the conical body of the furnace, which is lined with fire-bricks, and, in ascending, 
is contracted similarly to the narrow end of an egg, until it terminates in the chimney. The 
furnace is of course constructed in the roost solid manner, and strengthened by iron bands 
and bars. The bellows employed are mostly of a cylindrical form, and their pistons worked 
either hv w-atcr or steam. The blast holes, which are in the upper part of the crucible, and 
frequently placed on opposite sides, but so that the two opposite currents may not impinge 
upon one another, are two in number. Openings are provided at the lower part of the 
orucible for the discharge of the metal and scoria, and are kept stopped by clay and sand 
upon the exterior when the furnace is in operation. The reduction is commenced by gradually 
heating up the furnace until capable of being entirely filled with fuel, and then, as its 
contents begin to sink, alternate changes of otw, mingled with^i<x, and of charcoal and coke, 
are added. The blast is now let on, and the metal in the ore, parting with its oxygon, 
flows by degrees, subsiding to the bottom of the crucible, covered with a melted slag, w'hioh 
is occasionally let-off by removing the clay from one or more, if necessary, apertures in the 
crucible; and on th», bottom of the furnace becoming filled with the metal, which gene* 
rally occurs after nine to twelve hours, the iron itself is discharged by one of these openings 
into a fosse of sand mixed with clay. When the iron has flowed out the aperture is again 
closed, and by this method the furnace is kept in constant action. 

1757. Limestone of the best quality ia employed as a flux to assist the fusion of the 
ore, which it accomplishes by vitrefying the earths wherewith it is mixed up with the oxide 
of iron. The iron when run out from the blast furnace in the state of cast iron is fiur 
froin being in a pure state, having a coarse |prain, and being brittle. In its conversion to 
bar iron, it undergoes one of the two following processes, as charcoal or coke may be em- 
ployed. In the former case a furnace much resembling a smith's hearth is used, having a 
sloping eavity sunk from ten to twelve inches below the blast pipe. After the cavity has 
bew filled with charcoal and scoria, a pi^ of cast iron, we}! eovei^ with hot friel, is placed 
opposite the blast pipe. The blast being introduc^ the pig of iron lying in tlie very 
hottest part soon begins to melt, and runs down into the cavitylielow, where, being out of 
Um iuflueooeof the blast, it becomes solid, and is r^laced in its former posttioa, and tin 
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.cavity is agfthi (iiled with oharcoal. It U there agnui kised, aod so on a third time, all 
rnese proceMet'^kig Moomplished in three or four hoora Tl>e iron, thus again solid, is 
taken out and very slightly hammered, to fVee it from the attached scoria ; after this it 
is returned to the furnace, in a corner whereof it is stacked, out of the action of the blast, 
and well covered with charcoal, Where it remains gradually to cool until sufficiently com- 
pact to bear the tiU or trip hammer (to be ehingledy to folree out the cindeM), which is moved 
by machinery, and whose weight w from 600 to 1200 lbs. Thus it is beaten till the 
scorlas are forced out. and the particles cf iron welded together, when it is divided into 
several portions, which by repeated heating and hammering are drawn into bars, in which 
itate it is ready for sale. 

1758. There are various methods of procuring the blast; the first, and most ancient, is 
by means of bellows ; the latest, which has been found in the mining districts to he a con* 
trivance of great'ltflljihMitanc^ is the placing a series of vanes attached to an axis, which, 
bv machinery, are^made to revolve in a box with great rapidity. A pipe passing from the 
outside of the box to the furnace conveys the air to it as the vanes revolve, a new portion 
continually entering by a hole at the axis. The air thus driven through at its natural 
temperature constitutes a cold bloat in contradistinction to air heated by artificial means or 
hot ilaX This latter system was discovered by J. B. Neilson, of Glasgow, al)out the 
year 1826 ; his patent expired in 18 12. At the present day air is forced into the furnaces 
at a temperature of 600®, and even of 800® Fahr., although at the commencement it was 
rarely used above 300®. The irons obtained from the former process are considered to bC 
tougher and stronger than those obtained from the latter process, and present a closer 
texture and a smaller crystallization than the latter irons. Tlie Blaenavon, Coed Talon* 
Lowmoor, and Muirkirk irons are amongst the most esteemed varieties. Perhaps it may 
be laid down as a general principle that where pig-iron is remelted with coke in the cupola 
furnace, for the purposes of the ironfounder, or refined with coke in the conversion of 
forge pig into bar iron, it is of little consequence whether the reduction of the ore has 
been effected with the hot or the cold blast ; but where large castings have to be run 
directly from the smelting furnace, the quality of the metal will, no doubt, suffer from the 
use of the hot blast. 

1759. The proportion of pig or cost iron from a given quantity of ore varies as the difi 
ference in the metallic contents of different parcels of ore f[|||)|>ther circumstances, but tbr. 
quantity of bar obtained from pig iron is not valued at mom'lhan 20 per cent 

1 760. The other process for manufacturing bar iron, which is that chiefly employed in 
this country, is conducted in reverberatory furnaces, usually called puddling fumacea. The 
operation begins with the fusion of the cast iron in refinery furnaces, like the one above 
described. When the iron is fully melted, a cap-hole is opened in the crucible, and the 
metal and slag flow out together into a fosse covered with clay well mixed with water, by 
which a coating is formed that prevents the metal from sticking to tne ground. The finer 
metal forms a slab about ten feet long, three feet broad, and from two to two and a half inches 
in thickness. For the purpose of slightly oxidizing it, and to make it brittle, it is much 
sprinkled over with cold water. In this part of the process it loses in weight from 12 
to 1 7 per cent After this, it is broken up into pieces, and placed on the hearth of a re* 
verberatory furnace, in portions heaped up to its sides in piles which rise nearly to the 
roof, leaving a space open in the middle to give room for puddling the metal as it flows 
down in streams. When the heat of the furnace has brought it to a pasty state, the tern* 
perature is reduced, a little water being sometimes thrown on the melted mass. The serai- 
liquid metal is stirred up by the workman with his puddle^ during which it swells, and 
parts with a large quantity of oxide of iro|||, which burns with a blue flame, so that the 
mass appears ignited. As it refines, the metal becomes less fusible, or, as the workmen say, 
it begins to dry. The puddling goes on until the whole charge assumes the form of an in* 
coherent sand, when the temperature is gradually increased to give it a red white heat, at 
which period the particles begin to agglutinate, and the charge, iujUtechnical language* 
¥>orka heavy. Hie refining is now considered finished, and the metal *lias only to be mrmed 
into balls, and condensed under the rolling cylinder. From this state it is brought into 
mill bar iron. After thia last operation, several pieces are welded together, from which it 
acquires ductilitv, uniformity, and cohesibn. A lateral welding of four pieces together 
now follows, and the mass passes through a series of cylinders as in the first case, and 
becomes English bar- iron. 

1761. The lamination of iron into sheets is by a refinery furnace, with a charcoal instead 
bf a coke fire. 

Mtdleable iron is often obtained from the ores directly, by one fusion, If the me- 
tallic oxide be not too much mixed with foreign substances. It is a mode of working 
muoh^more eomiomical than that above describ^ and from the circumstance of its having 
b®«n long known and used in Catalonia, it is known by the name of the method of the Cato- 
Hie ftumace employed is simUar to the refiner’s fijrge lUready described. 
Tbeeriicilde is e kind of semicircular or o^ilong basin, eighteen inchea in diameter, and 
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Mglit or ten in depth, excavated in an a^ or emalt ^eviition of mmotajf ei|^t or ^ ^ 
long, by five or six broad, and covered bi erith a chimney. The tuyere tt plpinkl fi^ or eii 
jaches above the basin, iticlining a little dbwllWJ^dlh ^^blint is received from a water 

i blowing machine. The first step consists in water combined with the oxide, 

as well as the sulphur and arsenic when these This, as usuaU is done by 

roasting in the open air, after which it is reduced powder, and thrown a| 

intervals by shovels-full upon the charcoal fira of hearth, the sides and bottom ot 

the basin bein^ previously lined with bmaques (poBLiior pdiinded charcoal). It gradugUy 
foftens and unites into lumps more or leas coherent, which finally, melt and accumulate in 
the bottom of the crucilde or basin. A thin slag is occasionaUy let oft* from the upper 
surface of the melted metal in the basin through Mes which can be closed and opened at 
the discretion of the workman. The melted iroli preserves a pasty condition owing to the 
Seat commuiuoated firom above. When a mass sufficiently great has accumulated, it is re* 
moved, put under the hammer, and forged at once. A lump, or bloom, of malleable iron 
b thus produced ib the speoe id three or fbur hours. Four workmen are employed at om 
large, and by being relieved every six hours, they are enabled to meke 86 cwt. of iron per 
week. Itr bar Catalonian forge, 100 lbs of iron are obtained from BOO lbs. of ore (a mix* 
tore of sparry iron, or carbonate and hematite), and 310 lbs. of charcoal, being a produce 
of 33 per cent 

1763. A visit to some of the iron di^^tricts is necessary fully to understand the processes 
we have above shortly described ; but the founding of iron may be well enough observed 
in the metropolis, though not on so large a scale as in some of the provinces. A succinct 
description, however, is given under the lieading Foundry, Chap. III. Sec. xi. 

1764. We here subjoin a summary of the modern observations^on iron (collected from 
various authorities) us given in Rankiuc's Civil Engineering. The metallic products of the 
iron manufacture are of three kinds f 1. Malleable or wrought ikon; II. Cast iron; 
and III. Steel; botli the latter being certain compounds of iron with carbon. Some 
investigators affinn that nitrogen* is one of the essential constituents of steel, btit thisi 
requires confirmation. Tiie strength and other good qualities of these products depend 
mainly on the absence of impurities, and especially of certain substances which are known 
to cause brittleness and weakness, of which the most important are sulphur, phosphorus, 
•ilicon, calcium, and magnefj||m. Sulphur, and (Recording to Mushet) calcium, and 
probably also magnesium, make iron what is termed red shorty that is, brittle at high tern- 
peratures. Phosphorus and (according to Mushet) sidcon make it cold shorty that is, 
brittle at low temperatures. These are both serious imperfections, but the latter is the 
worst defect. 

1764a. Wrought or malleable iron in its perfect condition is pure, or nearly pure, 
iron ; its streiigtii is in general greater or less according to the greater or le^s purity of the 
ore and fuel employed in its manufacture. Malleable iron is distinguished by the pro[>erty 
of wehiing. Two pieces, if raised nearly to a white heat and pressed or hammered firmly 
together, adhering so as to form one piece. It is essential that the surfaces to be welded 
should be perfectly clean and free from oxide of iron,, cinder, anil all foreign matter. 
Where several bars are to be faggoted or rolled into one, they require careful pUingy so 
as to ensure the pressure exerted by the hammer or the rollers being transmitted 
through the whole mass; otherwise the finished b.ir or piece may show flaws marking the 
divisions between tlie bars of the pile. Wrought iron, although it is at first made 
more compact and strong by reheating and hammering, or otherwise working it, soon 
ireaches a maximum strength, after which all reheating and working rapidly makes it 
weaker. Good bar iron has in general attain^ its maximum strength, and therefore, in 
all operations of forging it, the desired size and figure ought to be given to it with the 
least possible amount of reheating and working. In large forgings, the tenacity is only 
about thru fourths of that of the bars from which the forgings were made, and sotnetimes 
oven less. 

1764&. It is still a matter of dispute to what extent and under what cireumstifhees 
wrought iron loses its fibrous structure and toughness, and becomes erfstaXUns and! 
brittle. By some authorities it is asserted that all shocks and vibrations tend to produce 
that change ; others maintain that only sharp shocks and vibrationa do so ; and others 
that no such ^hange takes place ; but that the same piece of iron which shows a fibrous 
if graduaQy broken by a steady load, will show a ergstaUino ftaetmre, if skddonig 
irokonhf aeharphiovr. It is ceititin, at all events, that iron, whether cast or wrought, 
oi^ht to be as little as possible exposed to sharp blows and rattling vibrations. KlrkaTdy; 
Wrought Iron and 1863, p. 52, and in his concluding observations (p* 92), litates 
furthw, that ** tlie ameanuice of iron may be changed ftom fibrotts to crystalline by merely 
itotf the siiape oflbe speciinen so as to render it move liable to snap, and that ** irim is 
«it liim to map it is worked and rolled. In the fibrous figures the threads 

are drtwn out, externally, whilst in the crystalline ftactures the Bweidb eid 

mapped aeroas m b t a lt i rt »and ere viewed eiternally or sectionalty. In the latter Oasel 



ttus of the tpeciiiieo is el^^ayi «t right to the length; in the former it it 

mere or loM irregular." 

; 17^4e. The e0»lM«lfy </ fA< jlQres ne^^the Ihriaoe should be as little interrupted as 
possible* For eaaniide. pn^hc^ious Ibrjaiiea out of a block bj turning, rolling, and ham* 
meringt were broken oiT b^ ba^^ 6 lb. hammer, with the first, fifth, and eighth 

Wows respectively ( Ranki^ , j pfe i ttli i p s of h§l, of Civil iSapliuear, 1S43). In iron 
work which is to sustain snbckt^iM abrupt variations of dimensions and angular 

figures must be avoided as mucb^ jhisdble, especially those with reentering angles ; for 
at those points fractures are apt to commence* , If two parts of a beam are to be of 
different thicknesses, they should be connected by means of curved sur&ces. 

1764d. The fibres of wrought iron stts always an indication of its strength, but in the 
application of such iron^^we are to be caUtious. If the iron be impure in its elements, or 
has been badly worked, it may be very fibrous and also strong, but in exposing it to a 
welding heat it loses all its fibre, and is converted into brittle ffranubtied iron. Tl»ia 
iiappens frequently with puddled iron and sometimes with charcoal " iron. It ibUaw3,> 
therefore, that iron which does not retain its fibre after receiving a welding Imat is not to 
be trusted. Only good charcoal iron should be used where strength is le^uiled, in esse 
any smithing is to be done to the iron before it ia put to use. Where iron is exposed to 
heat, the very purest and best kinds only should be used : with constant^bcat, even of low 
temperature, wrought iron, if not very pure, becomes granulated. Very fibrous puddled 
iron may carry 80, OCX) lbs. per inch sriuare, when newly made, but it may in a short time 
be converted into granular iron, and reduced to 20,0(X) lbs„ and lie inferior in strength to 
cast iron. Where this change in the iron %vould l>e detrimental to the work steel should 
be substituted, as its strength is not impaired by any degree of heat beyond a red heat. 

1764e. The quality of iron for boiler plates must lie attended to from the first stag*..* 
of its manufacture from the ore, wiiieh should be of good qu ditif ; even then it may be 
spoiled in tlie furnaces. Above all things, states Overman, (whom Ave lire now quoting), 
hot blast ought to be excluded In these cases; it Ought to be a criminal ofiVnee to 
employ hot blast iron for boiler plates. Iron may be fibrous, and when cold very tena- 
eious; but the test consists in heating it red hot and cooling it in cold water. If it con- 
tinues tenacious it may be considered good ; if not it is bad, and unfit for boiler plate. 

1764/. Strength and toughness in 6ar iron are indicated by a fine, clo.se, and umfon«i 
fibrous structure, free from all appearance of crystallization, with a clear bluish grey 
colour, and a silky lustre on a torn surface where the fibres are shown, iron of tlie 

best kind consists of alternate layers of fibres crossing each other, and ought to be nearly 
of the same tenacity in all directions. The breaking strain and contraction of area of 
puddled Hteel plaUo, as in iron plates, are greater in the direction in which they are rolled; 
whereas in cast steel they are less. (Kirkaldy ) 

‘ 1765. Cast ihon is the product of the process of smelting iron ores. The total quantity 

of carbon in pig iron ranges from 2 to 5 per cent, of its weight. Different kinds of pig 
iron are produced from the same ore in tlie same furnace, under different circumstances at 
to temperature and quantity of fueL A high teniperaturc and a large quantity of. fuel 
produce grey cast iron, which is further distinguished into Nos. 1, 2, and 3, and so on ; 
No. 1 being tliat produced at the highest temperature. A low temperature and a de- 
ficiency of fuel produce white cast iron. Grey cast iron is of different shades of Iduish 
grey in colour, granular in texture, softer and more easily fusible than whiU cast iron, 
whicli latter is silvery white, either granular or crystalline, comparatively difficult to melt, 
brittle, and excessively hard. It ap;>ear8 that the differences between these kinds of irons 
depend on the proportions of carbon in them. Thus grey cast iron contains 1 per cent., 
end sometimes less, of carbon in chemi^ combination with the iron, and from 1 to 3 or 
4 per cent, of carbon in the state of plumbago in mechanical mixture ; while whiu cast 
iron is a homogeneous chemical compound of iron with from 2 to 4 per cent, of carbon. 
Of the different kinds of groy cast iron. No I contitins the greatest proportion of plumbago 
(which renders iron comparatively weak and pliable). No. 2 the next, and so on. 

1765a, Tliere are two kinds of while cast iron, the granular and the crystalline. 'Hie gran* 
nlar sort can be converted into grey cast iron by fusion and slow cooKng. Grey cast iron can 
be converted into granular white cast iron by fusion and sudden cooling. 1'^ lakea place 
most readily in the best iron. Crystalline white cast iron is harder and moif brittle than 
mnular, and is hot capable of conversion into grey cast iron by fusion and slow cooling. 
It is said to contain more carbon than granular viite oast iron ; but the exact difference 
m ^ehr ehemical composite b not yet known. Grey cast iron Na 1 is the most easily 
rouble, and produces the finest and tnost eccOrate oestings ; but it b deficient in hardness 
snd strength. 

1765fi. Till order of ethength of east iron among difibront kinds fifdm the same ore and 
«i Ibllosrt ;^l3trahu& white coat ii^^n, grey east iron 8«^, No. ?, and Nd. 1. 
v^atalUne wklito east boo, b introduooi into this claa8ifioatio4f'fbcaua8 its extrome 

wibtboess ft 1mdt tof use in eh|^nes9|hg ^uoturei, Oranu oast iron abc^ 
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«U)iough stronger and harder than orey cast iron* is too brittle to be a safe material for thd 
entire mass of any girder, or other large piece of a structure. It is used to form a hard 
and impenetrable akin to a piece of ^rey cast iron by the process called chtUing, Iliis 
consists in lining the portion of the mould where a hardened surface is required wHh 
Suitably shaped pieces of iron. The melted metal, on b^ng run in, is cooKd and solidified 
suddenly where it touches the cold iron ; and for a certain depth from the chilled surfheef 
Varying* firom about | to inch in different kinds of iron, it rakes the whife granular con- 
dition. while the remainder of the casting takes the grey condition. Even in castings 
which are not chilled by an iron lining to the mould, tlie outermost layer, being cooled 
more rapidly than the interior, approaches more nearly to the white condition, and forma 
1 skin harder and stronger than the rest of the casting. The best kinds of cast iron for 
large structures are No. 2 and No. S ; because being stronger titan No. 1, and sofler and 
more flexible than white cast iron, they combine strength and pliability in the manner 
which is best suited for safely liearing loads that are in motion. A strong kind of cast 
iron called toughened emt imn^ is produced by the process, invented by Morries Stirling, of 
adding to the cast iron, and melting amongst it, from one>fourth to one-seventli of its 
weight of wrought iron scrap. 

1766. Soft grey cast iron is the best sort ; it yields easily to the file when the external 
crust is removed, and is slightly malleable in a cold state. It is, however, more sul>ject 
to rust than the white cast iron, which sort is also less soluble in acids. Grey cast iron has 
a granulated fracture with some metallic lustre. White cast iron in a recent fracture has 
a white and radiated appearance, indicating a crystalline structure. 

1767. Cast iron, when at a certain degree of heat, may be out like a piece of wood with 

a common saw. This discovery waf^nounced in a letter from M. Dunford, director of 
the iron works at Mdhtalaire, Jo, M. d’Arcet, and published in the AnnaUe de Chimie, 
The experiment was ttied in 1 by ft gentleman of the Philosophical Society at Glasgow, 
who with the greatest ease cut a ^f ofea st iron, previously heated to a cherry-red, with a 
common carpenter^s saw, in the two minutes. The saw was not in the 

least injured by the operation. 

1768. The security afforded by iron for 8uppdil|hg weight, and against Are, has, of late 

years, very much increased the use of it, and many cases entirely supersede tlie 

employment of timber. Again, it is valuable from III being not liable to sudden decay, nor 
soon destroyed by wear and tear, and, above all, froill||» plasticity. 


STEtL. 

1769. Steel, the hardest of the metals and the strongest of known substances,' is 0 
compound of iron with from 0*5 to 15 per cent, of its weight of carbon. ThesOt 
according to most authorities, as noticed by Rankine, are the only essential constituents of 
steel. Impurities of diflerent kinds affect steel injuriously in the same way as with 
iron. A very small part of its weight, j^^j^th. of silicon causes steel ll | tt c o<)l and solidify 
without bubbling or agitation ; a larger proportion would make the iPPt brittle. Man- 
ganese improves the steel by increasing its toughness, and making it easier to weld ftnd 
forge. 

1769at. The term steely irony or mni eteel, may be ai'plied to compounds of iron with 
less than 0 5 per cent, of carbon, 'fhey are intermediate in hardness and other properiiis 
between sf^l and malleable iron. In general/«uch compounds are the harder and the 
stronger, and also the more easily fusible, the more carbon they contain ; those sorts which 
contain less carbon, though weaker, are more easily welded and forged, and ftom theif 
greater pliability are the fitter for structures that are exposed to shocks. 

17696. Steel is distinguished by the property of tempering, that is to say, it can l)e 
hardened by sudden cooling from a high temperature, and softened by gradual cooling^ 
and its degree of hardness or softness ciui be regulated with precision, by suitably fixing 
that temperature. The elevation of temperature previous to the anneaUng or gradufd 
cooling is produced by plunging steel into a bath of a fusible metallic alloy, ranging from 
480® to 560® Fahr. / o d 

1770. SUd is made by various processes which have of late become very numerous, 

They may all be dasMd under two heads, vi*., adding carbon to malleable iron, used ip 
making steel for cutting tools and other fine purposes ; the other, abstracting carbon firom 
east iron, used for making great masses of sfed and eteelg iron rapidly and at a moderate 
expense. Among the pi ocesses are the following: 

1771. !• Blitier steel is made by eemmtationy by embedding bars of the purest wrought 
iron in a layer of charcoal and subjecting them for several days to a high tempeinture. Eaeli 
bar absorbs carbon, and its surfiice becomes converted into steel, CemtnMm may eilie be 
petnMmed l)y exposing the surface of the iron to a current of carburette4 bydrogen gee at t 
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high temperature. Cementation is also applied to the turfaces of articles of malleable Iron 
in order to give them a skin or coating of steel, and is called casehardening, 

\n2. 11. Shear steel is made by breaking bars of blister steel into lengths, faggoting 
them, and rolling them out at a welding heat ; repeating the process i^ntil a near approach 
to uniformity of composition and texture has been obtained. It is used for tools and 
cutting implements. 

1773. 111. Cost is made by melting bars of blister steel with a small additional 
quantity of carbon (in the form of coal tar), and some manganese. It is the purest, most 
uniform, and strongest, steel, and is used for the finest cutting implements. Another pro- 
cess requiring a higher temperature, is to melt bars of the purest malleable iron with man- 
ganese and with the whole quantity of carbon required in order to form steel. Ttie 
quality as to hardness is regulated .by the proportion of carbon. A sort of semi .steel or 
steely iron^ made by this process and containing a small proportion of carbon only, is knownf 
as homogeneous metal, 

1774. IV. Steel made hy the air blast le produced from molten pig iron by BessemerV 
process, wherein the molten pig iron, having been run into a suitable vessel or converter, has 
jets of air blown into it through tubes as the liquid is poured in. The oxygen of the air' 
combines with the silicon and the carbon of the pig iron, and in so doing produces enough 
of heat to keep the iron in a melted state till it is brought to the malleable condition ; it is 
then run into large ingots, which are hammered and rolled in the usual w'ay. About two 
hours suffice to convert cold iron into pure steel. 

1775. V. Puddled steel is made by puddling pig iron, and stopping the process at the 
instant when the proper quantity of carbon remains. The bloom is shingled and rolled 
like bar iron. VI. Granulated sled, the invention of Capt. UchatiuSi is made by running 
melted pig iron into a cistern of water over a wheel, which dashes it about so that it is 
found at the bottom of the cistern in the form of grains or lumps of about the size of a hazel 
nut. Thc.se are imbedded in pulverized haematite or sparl^ iron ore, and exposed to a heat 
sufficient to cause part of the oxygen of the ore to* coiiibine with, and extract, the carbon 
from the superficial layer of each of the lumps of iron, each of which is reduced to the con- 
dition of malleable iron at the surface, while its heart continues in a state of cast iron. A 
small additional quantity of malleable iron is produced by the reduction of the ore. These 
ingredients being melted togetlier produce steel. 

1776. Kirkaldy observes that “Steel invariably presents, when fractured slowly, a silky 
fibrous appearance. When fractured suddenly, the appearance is invariably granular ; in 
which case also the fracture is always at right angles to the length. When the fracture is 
fibrous, the angle diverges always more or less from 90®. The granular appearance pre- 
sented by steel suddenly fractured is nearly free of lustre, and unlike the brilliant crystal- 
line appearance of iron suddenly fractured : the two combined in the same specimen are 
Sliown in iron bolts partly converted into steel. Steel wl»ieh previously broke with a silky 
fibrous appearance is changed into granular by being hardened. Steel is reduced in 
strength by being hardened in water, while the strength is vastly increased by being 
hardened in oil. The increase of strength is greater the higher steel is heated (not being 
burned) and so treated.** 

1777. “In a highly converted or hard steel the increase in strength and in hardness is 
greater than in a less converted or soft steel. Steel plates hardened in oil and joined to- 
gether with rivets are fully equal in strength to an unjointed soft plate ; or the loss of 
strength by riveting is more than counterbalanced by the increase in strength by hardening 
in oil. The most highly converted steel does not, as some may suppose, possess the greatest 
density. In cast steel, the density is much greater than in puddled steel, which is even less 
than in some of the superior descriptions of wrought iron.” 

1778. 'I'his subject may, perhaps, be considered of greater importance to the architect 
and engineer, if those experienced scientific men he right, who predict that the time if 
not far hence when there will be no such metals as either wrought or cast iron ; steel taking 
the place of both for all practical purposes. As one instance among many, it has been 
urged that the absolute strength of any cast iron girder may be doubled by the judicious use 
of a very few pounds of steel, costing but a trifle. {See 1632.) 

Corrosion and Preservation of Iron, 

Cast iron will often last for a long time without rusting, if the skin be not injured, 
which is coated with a film of the silicate of the protoxide of iron, produced by the action 
of the sand of the mould on the iron. Chilled surfaces of castings are without this pro- 
tection, and therefore rust more rapidly. The corrosion of iron is more rapid when partly 
and partly dry, than when wholly immersed in water or wholly exposed to tlie air. It 
IS accelerated by impuritlee in water, and especially by the presence of decomposing organic 
Better, or of free acids. It is also accelerated by the contact of the iron with any jnetal 
which is electro^negative nlatively to the iron, or in other words, has less affinity for 
oxviren. or luUU ....a i — •a-Ax* *1 c — 
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•onditkmt, so that one has less affinity fur oxygen than the other, the eontaot of the fonOer 
^ makes the latter oxidate more rapidly. In general, hard and crystalline iron is less oxi- 
I dable than ductile and fibrous iron. Cast iron and steel decompose rapidly in warm or 
impure sea water. The purest and the most malleable irons are the most easily attacked 
V by sea water, t&Aca «re^ alone ; for it is to l)e observed that the fine grained, crystalline, 
white and brittle metal, which usually resists the action of air and water most successfully, 
is also the most easily attacked by the dilute acids present in the woods so often used in 
connection witli iron in ship building, or in timber structures in sia water. The most 
extreme care, and the greatest practical skill, are therefore required in the selection of the 
irons to be used in certain positions. To H. Mallet we are indebted for a valuable com- 
munication to the Institute of Civil Engineers in May 1840, On the Corrosion of Cast and 
Wrought Iron in Water^ under protected and unprotected states : an abstract is given in 
the Civil Engineer Journal, iii. p. 424, from the Proceedings of the Institute. 

1779a. In the Reports of the British Association, 1843 and 184 9, Mallet, On Corroston 
of Iron, further states that iron kept constantly in a state of vibration oxidates less rapidly 
than that which is at rest. Thus the rails of a railway on which a constant traffic runs, 
do not rust so quickly as those on which there may be no traffic. 

17796. Spencer, Iron, its active and inactive states, read before the Liverpool Polytechnic 
Society, stated that “It required a mixture of air and water, or what is usually termed 
dampness, to produce rust on iron — one without the other would not do it. Steel filings 
became rusty in water, because they absorbed the oxygen in the water ; if a second quan- 
tity of filings be put in, they would not rust, as there was no more oxygen. A coating of 
carbon effectually prevents iron from oxidation, and it can protect it from a body so strong 
as even aqua-fortis itself. If the aqua-fortis be diluted with water, the protective power 
no longer exists. The slightest scratch or abrasion on the surface of the metal also pre- 
vented the action of the protecting influence. A piece of solid carbon also imparts a pro- 
tective property to iron, little short of that given to it by platinum.” 

1779c. Sugar exercises a material influence on iron and other inettils ; Athena:um, Sept. 
1853 and May 1854. 

1779c/. TIte iron wire suspension bridges of France, which have fallen within the last 
few years, appear to have done so principally through the oxidation of the wires in the 
portion passing into the anchoring wells: this was notoriously the ca.se with the bridge at 
Angers. 'ITie constant state of humidity prevailing in these wells must soaner or later 
have rusted the wires, and although the precaution, recommended by Vicat, of surrounding 
the cables with rich lime had been adopted, the vibration of the bridge had detached the 
cables from tlieir supposed protecting case, and the spaces between the wires allowed mois- 
ture from the exterior to permeate tlie interior of tlie cable ; at Angers the cables were 
thus almost entirely rusted through. In such places it is better to employ liar chains. 

1779«. Before painting iron work it is usual to give it a coat of boiled linseed oil, ap- 
plied hot; it forms a kind of varnish, and is an excellent preparation, and should be done 
aftw the blue shales are removed. Lead paints, when of good quality and mixed with 
good oil without spirits, are recommended. As it is difficult to test both oils and colours, 
others prefer iron oxide paints, especially as they are cheaper. Tar paints are used chiefly 
for iron work out of sight; it is cheap, and is said not to foul so readily as lead or other 
finer paints. A good rough paint is to be made by beating coal tar and mixing -with it 
finely sifted slaked lime, say three-quarters of a pound of lime to a gallon of tar, and adding 
naphtha to render it of a convenient consistency for laying on; it must not be allowed 
to get too hot, and is to be used hot. Where sanding is possible, it adds to its durability. 

1780. The following recommendations have been made for preserving iron. I, Boiling 
the iron in coal tar, especially if the pieces have first been heated to the temperature of 
melting lead. 11. Heating the pieces to the temperature of melting lead and' smearing 
their surfaces whilst hot with cold linseed oil, which dries and forms a varnish. This is 
recommended by Smeaton, and is a good preparation for painting upon. 

1780a. III. Painting with white lead in oil, which must be renewed from time to time. 
Mr. John Braithwaite has stated that his father had used red lead for fifty years with good 
result; white lead was of no use, as the acid used in the preparation of it produced swelling 
effects. ^ He had placed rods in a well 200 feet deep forty-five years since, having painted 
them with pure red lead, and on taking them up in IP6.3 he found that their weight was 
precisely the same, lied lead and one-third litharge made into paint with nut oil will 
last longer than when mixed with linseed oil. Iron heated and covered with mineral 
bitumen or asphaltum in the solid sUte bad resisted a moist atmosphere for fifteen yeara | 
the. natural asphaltum was the best, the liquid asphalte not answering so well; with all 
other maieriaU the rust bad penetrated beneath. C, H. Smith, in a communication to 
the BiUldeTf 1864, p, 318, brought forward the advantages of lime whiting as a preserva- 
tive of iron from rust. In support of the use of Ihne, he notices that polished steel goods 
ipay be preserved by treating a little powdered lime upon them ; and that brkkuiyoia 
aliaava imear their bnsrht trowels even with damn mortar whan Ipatrln* wavIt 
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17905« IV. CoRtiaff wilfa « meuitjjrtiommonly called galvtmizhg. Zinc is efficient, pro* 
vided it is not exposed to the acids capable of dissolving it; but it is destroyed by sulphuric 
acid in the air of places where tnucfa coal is burnt; and by muriatic acid in the neighbour* 
hood of tlie sea. All attempts to use galvanized iron for roofs in large towns ofWoky 
districts have failed. The use of this material will be noticed in the section on Zinc. 
Tinned iron does not now answer so well even as good zinc. It is known that during the 
mcdiwval period, iron nail-heads, anchors, dogs, and such like articles were tinned over, no 
doubt to prevent oxidation ; and tinned iron is greatly used for the covering of houses 
in America. In St. Petersburg and in Moscow iron is mostly used, but it requires 
painting. The coppering of iron has failed unless it was done in so expensive a manner as 
not to be practicable in any attended employment of it. A coating of lead, or of lead 
and antimony, is wanted to iron, so as to combine the stiffhess and cheapness of iron 
with the durability of lead. Messrs. Morewocd have recently introduced metal plates 
covered with a uniform coating of lead. These plates are supposed to possess all the 
advantages of sheet lead, and they can be rendered serviceable at a considerably reduced 
cost (Hunt, Handbook^ 1862). Enameled iron is a late invention, and one tending to be 
very serviceable. {Set also par. 2264. ) 

178Ce. Professor Barff’s recently (1877) discovered method of coating iron with mag- 
netic or black oxide is effected by subjecting it to steam at a high temperature of about 
1,200 degrees of Fahr. for six or seven hours. It is said that iron so treated will resist a 
rasp, and bear any amount of exposure to the weather without showing any signs of 
corrosion. Difficulties which have hitherto stood illlthe way of the adequate working of 
the process have since (1882), we are informed, befflf removed, and ibis preservative pro- 
cess will no doubt be l^gely adopted, as adequate apparatus has been provided. 


Sect. VI, 

LEAD. 

1781. Lead, the heaviest of the metals except gold and quicksilver, is found in most 
parts of the world. It is of a bluish white when first broken, is less ductile, elastic, and 
sonorous than any of the other metals : its speciho gravity is from 11,300 to 1 1,479, and a 
cubic foot, therefore, weighs about 710 lbs. It is soluble in all acicU and alkaline solu- 
tions, fusible before ignition, and easily calcined. Tlie ore, which is easily reduced to the 
metallic state by fusion with charcoal, is found mineralised with sulphur, with a slight 
mixture of silver and antimony, in diaphanous prismatical crystals, generally hexagonal, 
white, yellowish, or greenish, in Somersetshire, about the Mendip Hills. About Bristol, 
and in Cumberland, it takes the form of a white, grey, or yellowisli spar, without the least 
metallic appearance : in some places it is in a state of wliite powder or native ceruse ; and 
in Monmouthshire it has been found native, or in a metallic state. 

1782. Exposure to air and water does not produce much alteration in lead, though it 
quickly tarnishes and acquires a white rust, by which the internal parts are defended from 
corrosion. Pure water, however, does not alter it; hence the white crust on the inside of 
lead pipes through which water flows must probably l>e owing to some saline particles in 
the water. Lead will form an union with most other metals ; one exception, however, is 
iron. Next to tin, it is the most fusible of metals. It is run from the furnace into moulds ; 
the main form is called a aoir, the smaller ones pi^t : from these it is run into sheets, pipes, &c. 

1783. Sheet l^ul is of two sorts, caul and milled. The thicker sort of the former, or the 
common cast sheet feid, is manufactured by casting it on a long table formerly made of 
wood but now of cast iron, (with a rising edge all round it) from 16 to 20 feet in length, 
and $ feet in width, whicli is covered with fine pressed sand beaten and smoothed down 
With a strike and smoother's plane. The pig lead is melted in a largo vessel, near this 
table, and is ladled into a pan of the shape of a concave triangular prism, whose length is 
equal to the widtlt of a sheet, from which pan it is poured on to the table or mould. 
Betweeu the surface of the sand and the sIrfAe, which rides upon the edges of the table, a 
space IS left which determines tiie thickness of the sheet The strike bears away the 
superfluous liquid lead before it has time to cool, as it moves by band along the edges of the 
taule iiefore mentioned. When lead is required to be cast thin, a linen cloth is stretched 

JPProp’^iate table over a woollen one ; in which case the heat of the lead, before 
^reading it on the cloth, must be less than will fire paper, or the cloth would be burnt 
purpose be passed over it wjth considerable rapidity. 

1784. In maiipCaetimng ihilled 1^, it is usual first to cast it into sheets from 8 to 10 

lect long accordittir to lutt 1 - " — 
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through which it is to be passed in milling; the thickness varies from 2 to 5 inches. By 
a mechanical action it is made to pass through rollers whose distance from each other ii 
gradually lessened until tlie sheet is reduced to the required thickness. For a long time 
a great prejudice prevailed against milled sheet lead; but it is now generally considered 
that, for the prevention of leakage, milled is far superior to cast lead, wherein pin hokh 
which liave naturally formed themselves in the casting, often induce the most serious con- 
sequences. I'he sheets rolled out are about 30 feet long and 6 feet 6 inches in width. The 
lead from the mines of Walter Beaumont, M.P., in Northumberland, when manufactured 
for the market is known as ** W.B. lead,” and is considered the best in quality. Lead melts 
at a temperature of about 612° to 630° Fabr. The tenacity of sheet lead is 3,300 lbs; 
and the modulus of elasticity 720,000 lbs. 

1785, In distilled water which has been freed and kept from the contact of the air, lead 
undergoes no change ; but if the lead be exposed to air and water, it is oxidized and con- 
verted into a carbonate with considerable rapidity. This carbonate has the appearance of 
shining, brilliant scales. The presence of s^ine matter in the water very much retards 
the oxidation of the lead. So small a quantity as a 30,000th part of the phospliate of soda 
or iodide of potassium in distilled water, prevents lead from being much corroded, the 
small deposit which is formed preventing the further corrosion of the metal. 

1785a. The danger of u.sing water from leaden pipes or cisterns was known even to 
the Romans. The rarity of any fatal results shows that the risk has been much overrated. 
This is sufficiently explained by the protecting power of the insoluble salts of lead, formed 
by the action of the ingredients of thc^||ier on the lead, hindering the subsequent supplies of 
water from coining in contact with thdwretal. Distilled waters and waters which are remark- 
ably pur 9 dissolve lead, and become impregnated with it. The more impure the water^ such 
as 'fhames water, the more it wiUfonn a protecting incrustation. A new cistern should be 
allowed to form this coating, by the water standing in it for some time without being re- 
newed. To expedite the action a little phosphate of soda, or iodide of potassium, or a few 
drops of sulphuric acid may be added. The lid or cover of cisterns should not be of lead, 
as the vapour condensing in rt possesses all the solvent power of distilled water. Water 
which has flowed over leaden roofs, more particularly in towns, carries with it from the 
surface some soluble salt. The boles with which lead is often riddled are caused by the 
larva of an insect, tlie Call'dium hajulu/i, in the stomach of which lead is often found 
(Kirby and Spence, Entomology^ i. p. 235). A pipe conveying water impregnated with 
sulphur salts, has after a time been coated with a sulphate or sulphide, and this sulphide 
being perfectly insoluble in pure water, and equally so in water not too excessively charged 
with foreign matters to be potable, renders the leaden vehicle perfectly harmless. Dr. 
Schwarz, a chemist of Breslau, has stated that by passing a hot solution of sulphide of 
potassium through leaden pipes, the face is transmuted from the metallic state to that of 
a sulphide in a few minute.s, at a cost too insignificant to mention. It is said that water 
in the mines of galena, the sulphide of lead, can be drank with impunity. 

1786. WvtUr$Udt'8 patent marine metal for roofing and other purpo.ses is the invention 
of a native of Germany, introduced into England in 1837 by Messrs. Young, Dow.son, 
and Co., and manufactured by Messrs. Johnson, both of Limehouse. It is composed of 
lead and antimony, and is adapted to all purposes to which lead is usually put. Its 
advantages are its malleability, its great tenacity, elasticity and durability, and resist- 
ance to acids, oxidation, and the action of the sun and atmosphere. It does not lose in 
weight. It is manufactured in sheets : — I. 9 feet by 3 feet, at 3 lbs. and 2 Ib.s. per square fl)ot ; 
II. 8 feet by 2 feet 9 inches at lbs. and 1 lb. per square foot ; and III. 8 feet by 2 feet C 
inches, at 8 ounces per square foot. No. I. sizes are employed for flats, large roofs, covering 
to stairs, and small sloping and curb roofs. No. II. sizes for verandahs. No. III. for lining 
damp walls; it should be fixed with wrought copper nails. Tlie roof of the Royal 
Polytechnic Institution was covered with this patent metal in 1838 ; it is still in a per- 
fect condition. In price it is somewhat under that of lead per cwt., but a much less weight 
per foot superficial than of that material is used. The patent metallic canvan^ is a combination 
of Wetterstedt's patent metal No. 111., with canvas of various substances and strength, as 
calico, japanned cloth, woolKn, flee., varying according to the purposes to which it is to be 
applied. By this combination, sufficient strength is given to a metal weighing only eight 
ounces per foot to enable it to be used as a perfectly waterproof and secure covering. When 
used to damp walls, the calico is placed outside, forming a good surface for papering, 
painting, &c. The cement with which the combination is effected is stated to be elastic 
and impervious to damp, and a thorough disinfectant. 
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Sect VII. 

COPPER. 

1787. Copper, among the first of metals employed by the early nations of the world, 
is neither scarce nor difficult to wors ind extract from its ore. When pure it is of a pale 
red colour ; a cubic foot of oast copper will weigh 637 lbs., in sheet 649 lbs., and when 
hammered 666 lbs. ; the weight of a bar 1 foot long and 1 incli square varies from 3*63 lbs. 
to 3*81 lbs. ; nil the weights depending upon the copper being more or less hammered. 
Its elasticity and hardness are very considerable, and it is so malleable that it may be 
hammered into fine leaves. It is also very tenacious, a wire of a tenth of an inch in 
diameter being capable of sustaining 360 lbs. The tenacity of cast copper is 19,000; in 
sheet, 30,000; in bolts, 36,000; and in wire, 60.000. The modulus of elasticity or 
resistance to stretching being 17,000,000. The transverse elasticity or resistance to 
distortion is 6,200,000 lbs. Copper is diminished to about two-thirds by a temperature 
of 600® Fahr. ^ 

1788. The sixteen copper smeliiug works at Swansea and Neath are supplied with ore 
from Cornwall, Devonshire, Ireland, and from some foreign and colonial sources. There 
are six smelting establishments at Liverpool and St. Helens, which obtain their ore from 
the Cumberland mines, from Alderley Edge, and such ores as arrive at the port of Liver- 
pool. The single works at Cheadle produce a very fine copper, which is used in the 
manufacture of brass wire ; the ore is selected carefully from dilferent mines somewhat 
widely scattered. The Mona smelting woiks obtain the ores from the Mona and Pary’s 
mines in Anglesea and from those in North Wales. The “ once famous ** mines in Pary’s 
mountain formerly yielded the yellow sulphuretted ore of copper, to an annual amount 
of from 40,000 to 80,000 tons. This ore usually coiilains from one and a half to twenty- 
five per cent, of copper, and is partly dug in what are called packages, and partly blasted 
by gunpowder, and then broken into small pieces previous to its being roasted. This 
operation is performed in kilns, whose shape has a resemblance to lime-kilns, in which 
expedients are used for removing the ore as it is roasted, and adding fresh ore. The 
kilns are arched level with the upper surface of the ore, and adjoining and communicating 
with the kiln is the floor of a condensing chamber to receive the sulphureous vapours 
generated in the kiln, which fall down in the form of the finest flowers of sulphur. 
{Several hundred tons at one time are put into the kiln, and for completing the operation 
six months are required. The ore is reduced to one fourth of its previous quantity by 
roasting, and is then washed and pressed to remove the impurities. The richer ores are 
then dried, and removed for smelting and refining in reverberatory furnaces, from which 
it is at length produced in short burs or pigs. The water which filters through the 
fissures is often highly impregnated with sulphate of copper, and this water is pumped 
up into rectangular pits about thirty feet long, twelve broad, and two deep, to mix with 
that in which the roasted ore has been washed ; and in it are immersed pieces of iron, 
which, combining with the sulphuric acid, precipitate the copper in the form of a red- 
coloured powder slightly oxidated. The precipitate thus obtained very frequently gives 
above 60 per cent, of pure copper, and is even more profitable to the worker than the 
metal produced from the crude ore, 

1288a. In the process of copper smelting the specimens produced are — I. Calcined ore, 
or copper ore after the extraction of the sulphur. IL Coarse metal, obtained by the 
second process of smelting, producing about 40 per cent, of copper. III. Calcined coarse 
metal, for extracting the siQphur from IL IV. Metal brych,” producing about 66 per 
cent, of copper. V. Close regule, producing about 70 per cent. VI. Spongy regule, 
producing about 80 per cent. VII, Blister copper, producing about 95 per cent. Vlll. 
Select ingot, the fine metal as prepared for market. IX. Tough ingot, ready for market. 
X. Tough cake, hammered out by hand. XI. Tough bar copper, as prepared for the 
manufacture of wire. 

1789. Sheet copper was formerly much used for its lightness to cover roofs and flats; 
but it is almost superseded now by the use of zinc, which is much cheaper, and at times 

^ durable ; and, moreover, it is not so liable to be corrugated by the action 
Of the sun. The low price of copper (1887) has again brought it into the market as a 
wmpetitor with other metals for roofing purposes. It is only about one-fifth the weight 
of lead, and not so readily acted upon by fire. Zinc, however, is only about one-third 
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the usual price of cUpper ; the ooet of labour is nearly the same. The dorability of copMr 
may be t^en to be mree or four times that of anc. It requires to be laid by skilled 
workmen. 

1789a. Copper is reduced to sheet by being passed through large rollers, by which it 
can be render^ very thin. The thickness generally used is from 12 to 18 oz. to the 
foot superficiab Exposed to the air its lustre is soon gone ; it assumes a tarnish of a dull 
brown colour, gradually deepening by time into one of bronze ; and, lastly, it takes a green 
rust or calx, called patina by the antiquaries, which, unlike the rust of iron, does not in* 
jure and corrode the intemad parts, confining itself to the surface, and rather preserri^ 
than destroying the metal. Hence one of the most ^niportant applications of copper is in 
cramps for stone work, especially when they are dli^bsod to the air, when its cost, which 
is about six or eight times that of iron fastenings,^ can be afforded. Copper nails for 
fastening slates in roofing are recommended in lieu of cron zinc nails. 

17896. It may be here well to observe, that if water is collected from roofs for culinaiy 
purposes, copper must not be used about them, neither should any reservoirs for collecting 
and holding it be made of that metal, as on the surface is formed a film of verdigris, 
which is poisonous. 


Brass, 

1790. Alloyed with zinc, it forms brass for the handles of doors, shutters, locks, 
drawers, and the furniture generally of joinery. The usual proportion is one part 
of zinc to three of copper; it is then more fusible, and is of a fine yellow colour, 
loss liable to tarnish from the action of the air, and so malleable and ductile that 
it can be beaten into very thin leaves and drawn into very fine wire. The extremes 
of the proportions of zinc used in it are from 12 to 25 per cent, of the whole. 
Even with the last, if well manufactured, it is quite malleable, although zinc by itself 
scarcely yields to the hammer. The appearance of brass is frequently given to other 
metals by washing them over with a yellow lacquer or varnish. Cast bmss weighs 
625 lbs. per cubic foot. 

1790a. Delta metal is an alloy, an improved brass, hard, durable, and strong as mild 
steel, possessing a beautiful fine colour. When melted it produces sound castings of fine 
grain ; it can be foiged and rolled hot and cold, and takes a very high polish. It is being 
used for all kinds of machinery, house, door, and harness fittings, stair plates, &o. To 
test the action of acids on wrought iron, steel, and delta metal, rolled bars of each were 
immersed for six and a half months in acid water ; the weights when put in were 1*1806 
lbs., 1*2125 lbs., and 1*2787 lbs. respectively. After that period they were found to be 

0 6393 lbs., 0'6614 lbs., and 1*2633 lbs. respectively; showing a loss of 46*3, 46*46, and 

1 *2 per cent, respectively. This Delta metal is said to be now extensively used for 
underground machinery in mines. 


Bronze or BelhmetaU 

1791. Copper with tin (which last melts at 426® Fahr. and resists oxidation 
better than any of the more common metals) in the proportion of one-tonth to one- 
fifth of the whole forms a composition called bronze or bell-vnetaX, used in the foundery 
of statues, bells, cannons, &c. When tin forms nearly one-third of the alloy, a 
beautiful white close-grained brittle metal is formed, susceptible of a very high 
polish, which is used for the specula of reflecting telescopes. Bronze weighs 613 Ibi. 
per cubic foot. 


8kct. vin. 

ZINC. 

1792 . Zinc is found in all quarters of the globe. In Great Britain it is ahttadant 
though therein never found in a native state. It usually contains an admixture of load 
and sulpur* When purified from these, it is of a light blue colour, between lead and tii| 
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incitiiing to blue. The ore, efter being haad-dreised to free it from foreign matter, it 
drtt calcined, by which the sulphur of the calamine and the acid of the blende arc exf>elled 
The product is then washed to separate the lighter matter, and the heavy part which re- 
mains, being ground in a mill, is mixed with one eighth of its weight of charcoal, or with 
one third of its bulk of powdered coaL This mixture is placed in pots, resembling oil jars, 
to be smelted. A tube passes through the bottom of each, the upper end being terminated 
by an open mouth near the top of the pot, and the lower end going through tlie door ol 
the furnace into water. By the intense heat of a furnace the ore is reduced, the zinc is 
volatilized, escaping through the tube into tlie water, wherein it falls in globules, which 
are afterwards melted and cast into moulds. Thus procured, however, it is not pure, as it 
almost invariably contains iron, manganese, arsenic, and copt)cr. In order to free it from 
these, it is again melted and stirred up with sulphur and fat, the former u hereof combines 
with the heterogeneous metals, leaving the zinc nearly pure, and the latter preventing the 
metal from being oxidated. At the Vieille Montagne Zinc Company’s Works, the pots 
are placed in the furnaces at six o’clock every morning ; at six o’clock in the evening the 
smelting is complete ; the metal is then drawn out and run into metal moulds, after wliich 
it passes into the rolling house, and is again melted and recast in a metal mould to produce 
ingots of the proper size and weight for the required gauge of the sheets to be rolled ; this 
second melting is also desirable to obtain proper purity. 

1793. Under rollers at a high temperature, zinc may be extended into plates of great 
tenuity and elasticity, or drawn into wire. These rollers are from 2 feet 8 inches to 6* feet 
in length, and the original thickness of the plate subjected to them is about 1 inch. A wire, 
one tenth of an inch diameter, will support 26 pounds. If zinc be hammered at a temper- 
ature of 300°, its malleability is much inci eased, and it becomes capable of much bending. 
Its fracture is thin, fibrous, and of a grain similar to steel. It can be drawn into wire ^^th 
of an inch in diameter, which is nearly as tenacious at that of silver. The specific gravity 
is somewhat below 7*0, but hammering increases it to 7*2. When heated, it enters into 
fusion at a heat of about 680° or 700° : at a higher temperature it evaporates; and if 
access of air be not permitted, it may be distilled over, by which process it is rendered 
purer than before, although then not perfectly pure. When heated red hot, with access of 
air it takes fire, burns with an exceedingly beautiful greenish or bluish flame, and is at 
the same time converted i.ito the only oxide of zinc w’ith which we arc acquainted, con- 
sisting of 23*53 parts of oxygen combined with 100 of metal. 

179 f. Zinc, though subject to oxidize, has this peculiarity, that the oxide does not scale 
off as that of iron, but forms a permanent coating on the metal, impervious to the action 
of the atmosphere, and rendering the use of paint wholly unnecessary. Dr. von Peten- 
kofTer, however, has stated that zinc is oxidized to the extent of 130 grains per square foot 
in twenty-seven years, al>out two-fifths of the oxide being removed by the moisture of the 
atmosphere. Its expansion and contraction are greater than those of any other metal : thus, 
supposing 1*0030 to represent the expansion, 1 0019 is that of copper, and 1*0028 
that of lead ; hut the thicker the zinc, the less its contraction and expansion. The tenacity 
of zinc is from 7,000 to 8,000. The weight of a cubic foot varies from 424 lbs. to 4^9 lbs. 
The tenacity of zinc to lead is as 16 616 to 3*.‘J28, and to copperas 16*616 to 22*570; hence 
a given substance of zinc is equal to five times the same substance in lead, and about three- 
fourths of copper. 

1795. On tlie first introduction of zinc into this country as a material, the trades with 
which it was likely to interfere used every exertion to prevent its employment ; and, indeed, 
the workmen who were engaged in laying it, being chiefly tinmen, were incompetent to 
the task of so covering roofs as to secure them from the effects of the weather. Hence, for 
a considerable period after its first employment, great reluctance was manifested by archi- 
tects in its introduction. A demand for it has, however, gradually increased of late, and 
the comparatively high prices of lead and copper will not entirely account for the disparity 
of consumption. The Vieille Montagne Zinc Mining Company, about the year 1861, 
took steps to improve the quality of the zinc for use in this country, the mode of laying 
zinc roofs, and for the prevention of the ua • of thin gauges of sheets which are unfit for 
the purpose. Their zinc possesses a reputation for its purity and excellence. The result 
of this care, and the better understanding of the merits of the material, has caused it to be 
now extensively used for purposes which are noticed in the following chapter. 

1795a. A sheet of pure zinc, as stated by J. Edmeston in his Rqtort on ZUcy will be of 
an even colour, without black spots or blotches ; it will be very ductile, bending readily 
backwards and forwards in the hand ; and it will not easily break. If impure, it will be the 
opposite of all this. If there be any iron in it, it will be worthless ; if it contain any lead, 
it will still, though to a less extent, contain the germs of destruction within itself. 

17955. Common zinc is destroyed by the sulphuric acid in the atmosphere where much 
Coal is burn^ ; and by muriatic acid in tiie neighbourhood of the sea. Cement does not 
injure lino; but lime, and calcareous waters destroy it; and zinc pipes to flues over wood 
fires are destroyed by tfaeth. 
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1796,. OalvawiiK]> Iron is a designation misapplied to that iron which may hate re- 
ceived a coating of sino ; it sliould l.e called xink»d iron. The metal is 6rst cleaned per- 
fectly by the joint action of dilute acid and friction, and then plunged into a teth 
of melted rinc, covered with sal ammoniac, and stirred until the iron is sufficiently coated 
with amc. No galvanic action whatever occurs between the metals ; it is simply a coating. 
^This process, it is stated, was invented in France by Maloin, in 1742, but not patented 
M|uutil 1836 by SoraL The efficacy of the process depends upon the skill employed in 
^^emoving every itmie of tho scales of the hydrous oxide of iron, and in ^ts further treat- 
^jlaent The eeatjjng imist nob become loosened, or any hole he made through it, as mou- 
; ^tore obtaining. lionsfl to the ibon will rapid’y extend, and the scales of the oxide of iron 
' -iill force up the slight sine covering, when the iron will be gradually destroyed, unless it 
he at once painted. When well executed it may perhaps be durable fot a lengthened 
period, but when badly prepared it is not so valuable as iron well painted (par. 17796.)* At 
the Houses of Parliament, where the iron roofing plates were galvanized, it was found 
necessary from 1860 to commence coating them with paint or some other material. 

1796a. The other process, which might be properly called zinked tinned trow, is tlius per- 
formed : — The sheets of iron are pickled, scoured, and cleaned, as for ordinary tinning. A 
wooden bath is half filled with a solution — the proportion of 2 quarts of muriate of tin 
with 100 quarts of water. Over the bottom of tlie bath is sjjread a thin layer of finely 
granulated zinc, then a cleaned plate, and so on alternately; the zinc and iron and the 
fluid constitute a weak galvanic battery, a::d the tin is deposited from the solution so as to 
coat the iron, in about two hours, with a dull uniform layer of metal. Tho iron in this 
state is then passed through a bath containing fluid zinc covered with sal ammoniac mixed 
with an earthy matter, to lessen the volatilization of the sal ammoniac, which becomes as 
fluid as treacle. Two iron rollers are driven by machinery to carry the plates through 
the fluid ai any velocity previously determined; the plates thus take up a very regular and 
smooth layer of zinc, which owing to the presence of the tin beneath, assumes its natural 
crystalline character. This is said to be the process adopted by Messrs. Morewood and 
Rogers, whose patents date in 1846 and 1850. It is asserted that iron thus prepared 
does or buckle ; that the plate is not affected by the heat of the zinc, whereas 

thin sheet iron, kept in molten zinc for a few minutes, becomes so brittle that it will not 
bear foldin|[^^ grooving; that the plate is equally covered with zinc, whereas by the 
4ipping hi I ri half receives more than the upper : and that zinc is not con- 

taminated by iron W when dipped, the contamination increasing with each di))ping until 
the zinc in the bath becomes so injured as to be worthless, it being well known that tho 
alloy of zinc and iron is more oxidizable than zinc alone, or than zinc and tin. Professor 
Braude has stated that in common tinned plate, the combination is such that the oxidiza- 
tion of the iron is accelerated by the tin, so that the iron is the protecting, and the tin the 
protected, metal, but in this case the reverse effect ensues, the iron is the protected metal, 
and the zinc the protector. 

1796fc. Time has proved that galvanized iron has corroded after fcrca years in a roof- 
gutter ; and the state of most of the roofs to railway sheds and stations and such like 
places, proves that at least some sorts of galvanized iron will decay ; the difficulty always 
is to ascertain what description of coating the iron has undergone. Galvanized iron bolts 
do not act upon oak either in sea or in fresh water, when care has been taken not to remove 
the zinc in driving them. 

1796c. Galvanized iron is said to be nearly the same cost as zinc, and to be less than 
one quarter as liable to expansion or contraction : to be equally as durable as lead ; less 
in first cost, and not to require boarding ; to be not quite one-third the price of copper, 
and to be equally as durable ; and as compared with plain iron, the cost is increased about 
two-thirds, but that it increases the stren^h and durability of the iron. 

1797. 'Hie soldering used is composed of spirits of salts killed by putting about three 
ounces of zinc to a pint of spirit ; care must be taken that this solder soaks well between 
the laps. 


Sect. IX. 

SLATS. 

1798. Slate is a species of argillaceous stone, and is an abunaaiit and most usefbl mineral. 
This material is so soft, that the human nail will slightly i cratch it, and is of a bright 
lamellated texture. Its constituent parts are argill, earth, sUex, magnesia, lime, and iron { 
of the two flirst and the last in considerable proportion. The building slate is the ickkUat 
nffularit 
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179d. Mka 9ht« is a species of gneiss, distinguidmble by oontaln^g^ little or no Cslspoft 
so that it consists chiefly of (j[uartz and mica. It has a laminated or slaty structure, with 
the silky lustre of mica ; it is a tough material in directions parallel to its layers, but ia 
more perishable than gneiss. In thin layers it may be used for roofing purposes. Chlorlti 
ilate is also laminated, soft, and easily cut, but more opaque than tide, and is sometimes 
used for roofing purposes. It has a green or greenish grey coloi^ and silky lustte. 
Hornblende ilate is hard, tough, durable, and impervious to water, qpd^&asqd for flagstones. 
Grauwacke alate^i a laminated claystone, containing sand and of mica 

and other minerals. It is used for roofing and flag stonea All tbcW ^Iqi^ripti^^ of date 
are inferior to the ordinary clay sla*e. 

18CX). Slate quarries usually lie near the surface ; and, independent of the splitting grain, 
along which they can be cleft exceedingly thin, they are mosily divided into etackit by 
breakings, cracks, and fissures. Slate is separated from its bed, like other stones, by means 
of gunpowder, and the mass is then divided into scantlings by wedges, and, if necessary, 
sawn to its respective sizes by machinery. The blue, green, purple, and darker kinds ars 
most susceptible of thin cleavage, the lighter-coloured slates being coarser. The instru- 
ments used in quarrying and splitting slates, are slate knives, axes, bars, and wedges. 

1801. The tenacity of slate is from 9,600 to 12,800. Tlie modulus of elasticity varies 
from 13,000,000 to 16,000,000. I'he resistance to rupture is 5000. The weight of a 
cubic foot is from 175 lbs. to 181 lbs. The transverse strength of Welsh slate is greater 
than any other mineral product of the stone kind. For such qualities as strength, space, 
and cleanliness, no other material is so cheap as slate. 

1802. The slates used about London are brought chiefly from Bangor in Carnarvonshire, 
The slate quarries of North Wales are the most important in this country. Thochief works 
are situated as follows, and belong respectively to the geological formations named 

Penrhyn, Bangor 1 Llangollen. Llangollen : Upper Silurian. 

Llanberis, Dinorwic | * Machynlleth, Aberdovey, Lower Silurian. 

Ffestiniog, Port Madoc : Lower Silurian. Royal Slate, Baqgor: Cambrian. 

'Ibe large quarries at Penrhyn near Bangor, belonging to Colonel Pennant, and from 
which the best Bangor slates a^e obtained, are worked in suceeasive terraces; the slat,e 
is obtained in immense masses by blasting, therefore the wa^e is eiformous, but being got 
rid of without difficulty, the price is kept moderate. These quarries have been variously 
estimated as yielding from 30,000Z. to 40,000/. worth of slates per annum. Many smaller 
ones have lately been opened near Bangor, all supplying “ best Bangor ’* slates, witliout 
aflTecting the produce of the welUestablished works at that place. The Llangollen quarries 
are remarkable for the size of the slates they can obtain. 

1803. The Delabole quarries in Cornwall have been worked for a considerable period ; 
these slates are shipped from Tintagel and Boscastle. This gn*y-blue slate, confined till 
lately to the western counties, is now obtained in I.ondon ; the Wellington College at 
Sandhurst, Berkshire, is roofed with them. The Tavistock slates from Devonshire were 
at one period in considerable demand. One of the most esteemed slates is of a pale blue- 
green, brought from Kendal in Westmoreland, and called Westmoreland slate. There are 
quarries in the neighbourhood of Ulverstone, in Lancashire; and the Cumberland sea- 
green slate works are at Maryport. 

1804. The extended use of this material for paving, shelving, cisterns, &c., has caused 
numerous companies to he formed for the working of old, and of many new, quarries, 
chiefly in North and South Wales. Amongst the companies putting forth peculiarities of 
slate, are the Dorothea West, Green, Blue, and Red, Slate Company, situate in Carnar- 
vonshire, which supplied the pale green slates for the Charing Cross Railway Hotel, the 
London Bridge Hotel, and the Star and Garter Hotel at Richmond. The Llanfair Green 
and Blue Slate Company is also to be noticed. 

1605. The slates of Scotland are not in much repute. The Balabulish quarries in 
the north of Scotland are very extensive, as between five and seven millions of roofing 
slates are quarried annually. The weight of this nqmber would be about 10,000.toas, 
and the quantity of rubbish being generally five or six times as much as the slates, some 
50,000 or 60,000 tons of refuse have to be disposed of, which in this case are thrown directly 
into the sea, securing an immense saving of expense. 

1806. The more important slate quarries in Ireland are in the southern division of the 
country, vis., Killaloe, county Tipperary; Valentia, county Kerry; Benduff, near Glan- 
dore Harl)our, county Cork ; and neaf Ashford Bridge, county Wicklow. The chief 
one is at Curraghbally, situate about six miles from Killaloe. The colour of the slates is 
a dull bluish grey, preferred by many to the decided blue of the Bangor quarries ; they 
Are greatly used in the west of Ireland, where they have superseded the Welsh slates. The 
colour of the Valentia slates is rather greener than those above mentioned. . They are 
SAoendly tbiokar and more luieven on the surface, and so are better suited for the exposed 
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nyoott of buildings in the western counties. Tliis quarry has more oa})abilitie8 for sawn 
tigB and slabs, of which a lafge amount is now exported to England for cisterns, batlis^ 
urinals. Ac. Ilie Banduff quarry is nearly given up. llie slates irom Ashford Bridge botli 
in colour and quality closely resemble the Bangor slates. (Wilkinson, Gwhgjft ffe, of 
Imlmnd, 1845.) 

1807. A fine sound texture is the most derirable among the properties of a slate ; for the 
expense of slating being greatly increased by the boarding whereon it is placed, if tlie slate 
absorbs and retains mucli moisture, the boarding will soon become rotten. But a good 
-slate is very durable. Its goodness may readily be judged by striking it as a piece 
of pottery is struck ; a sonorous, clear bell-like sound is a sign of excellence ; but many 
pieces of the slate should be tried before a conclusion can be arrived at. It is thought to 
be a good sign, if, in hewing, it shatters before the edge of the zax. The colour, also, is 
some guide, the light blue sort imbibing and retaining moisture in a fur less degree than 
the deep black-blue sort. The feel of a slate is some indication of its goodness : a good 
one has a hard and rough feel, whilst an open absorbent slate feels smooth and greasy. The 
best method, however, of testing the quality of slates is by the use of water, in two 
ways. The first is, to set the pieces to be tried edgewise in a tub of water, the water 
reaching above half way up the height of the pieces : if they draw i^'ater, and become wet 
to the top in six or eight hours* time, they are spongy and bad ; and as the water reaches 
less up them, so are the pieces better. The other method is, to weigh the pieces of slate, 
and note their weights. Let them then remain for twelve hours in water, and take them 
out, wiping them dry. Those that on re-weighing are much heavier than they were previous 
to their immersion should be rejected. Wliere the character of a slate quarry is not pre- 
viously known, experiments of these sorts should never be omitted. 

1808. The following comparison of the advantages of slates over tiles is given by R. 
Watson, former Bisliop of Llandaff. That sort of slate, other circumstances being tl»e same, 
is esteemed the best which imbibes the le ist water ; for water not only increases the 
weight of the covering, but in frosty weather, being converted into ice, swells and shivers 
the slate. This effect of frost is very sensible in tiled houses, but is scarcely felt in those 
which are slated, for good slates imbibe but little water; though tiles, when well glazed, 
are rendered in some measure similar to slate in this respect The bishop took a piece of 
Westmoreland slate and a piece of common tile and weighed each of them carefully. The 

of each was about thirty square inches. Both the pieces were immersed in water 
ab^t ten minutes, then taken out and weighed as soon as they had ceased to drip. The 
tile had imbibed about a seventh part of its weight of water, and the slate Imd not imbil»ed 
a two-hundredth part of its weight ; indeed, the wetiing of the slate was merely superficial. 
He placed both the wet pieces before the fire ; in a quarter of an hour the slate was per- 
fectly dry, and of the same weight as before it was put into the water ; but the tile had 
lost only about twelve grains it had imbibed, which was, as near as could be expected, the 
very same quantity that had been spread over its surface ; for it was the quantity which 
had been imbibed by the slate, the surface of which was e()ual to that of the tile. The 
tile was left to dry in a room heated to sixty degrees, and it did not lose all the water it 
had imbibed in less than six days. 

1809. Professor Ansted states that the best slates aie those wliich are most crystalline, 
and which, when breathed upon, give out a faint argillaceous odour ; when this was given 
out strongly, then the slates would readily decompose. 

1810. 7'he largest slab of slate, perliaps, ever as yet obtained, was the one sent by the 
Llangollen Slate Company to tlie International Exhibition of 1862. It was 20 feet long, 
10 feet wide, and weighed tons; the thickness, however, was not named. The Welsh 
Slate Company, whose q names are at Festiniog, in Merionethshire, sent several slabs aver- 
aging 14 feet by 7 or 8 feet. Ail the slate from this neighbourhood possesses the remark- 
able quality of splitting with great facility, and with wonderful accuracy of surface, into 
thin laminae or sheets. Some of these thinly divided sheets are obtained 5 to 10 feet long 
from 6 to 12 inches wide, and not more than the sixteenth of an inch in thickness. They 
are 96 elastic as to t>end like a veneer of wood. (Hunt, Handbook, 1862 ) 


SxcT. X. 

BXICK AMD TXLX* 

181 1« A brick is a factitious sort of stone, manufactured from argillaceous or clayey 
earth, well tempered and squeezed into a mould. When so formed, bricks are striked te 
dry bn the sun, and finally burnt to a proper degree of hardness in a damp or kiln. Tiie 
nse of bricks is of the bluest antiquity. They are fraqueotly mentioned in the historioiil 
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bodes of the Old Testament ; but whether they were mei^ lua-dried or burnt in a kUn 
teems uneertain. We are inclined to doubt the burning of them at a Tery remote period. 
It will immediately occur to the reader that the making of bricks was one of the tasks 
imposed upon the Israelites during their senritude in Egypt. Though the oldest remains 
in Egypt are of stone, Pococke describes a pyramid of unbumt bricks, which are composed 
of a bl^k sandy earth, intermixed with pebbles and shells, the sediment deposited by the 
overflowing of the Nile. This species of bricks is still common in Egypt and many other 
parts of the East By the ancient Greeks and Romans, both burnt and unbumt bricks 
were used ; the method of making the latter whereof is thus described by Vitruvius, in ths 
third chapter of his second book : ** I shall first** says that author, ** treat of bricks, and 
the earth of which they ought to be made. Gravelly, pebbly, and sandy clay arp unfit for 
that purpose ; for if made of either of these sorts of earth, they are not only too pon- 
derous, but walls built of them, when exposed to the rain, moulder away, and arc soon 
decomposed ; and the straw, also, with which they are mixed, will not sufficiently bind the 
earth together, because of its rough quality. They should be made of earth, of a red or 
white chalky, or a strong sandy nature. Tliese sorts of earth are ductile and cohesive, 
and not being heavy, bricks made of them are more easily handled in carrying up the 
work. The proper seasons for brick-making are the spring and autumn, because they 
then dry more equably. Those made in the summer solstice are defective, because the 
heat of the sun soon imparts to their external surfaces^ an appearance of sufficient dryness, 
whilst the internal parts of them are in a very different state ; hence, when thoroughly dry, 
they shrink and break those parts which first dried ; and thus broken, their strength is gone. 
Those arc best which have been made at least two years ; for in a period less than that, 
they will not dry thoroughly. When plastering is laid and set hard on bricks which are 
not perfectly dry, the bricks, which will naturally shrink, and consequently occupy a less 
space than the plastering, will thus leave the latter to stand of itself. From its being 
extremely thin, and not capable of supporting itself, it soon breaks to pieces ; and in its 
failure, involves sometimes even that of the wall. It is not, therefore, without reason that 
the inhabitants of Utica allow no bricks to be used in their buildings which are not at 
least five years old, and also approved by a magistrate. 

1812. ** There are three sorts of bricks: the first is that which the Greeks call Didoron 
(StSwpov), being the sort wc use ; that is one foot long and half a foot wide. l*he other 
two sorts are used in Grecian buildings ; one is called Pentadoroiiy the other Tetradoron, 
By the word doron, the Greeks mean a palm, because the word Scipov signifies a gift which 
can be borne in the palm of the hand. That sort, therefore, which is five palms each way, 
is called Fentadoron ; that of four palms, Tetradoron. The former of these two sorts is 
used in public buildings, the latter in private ones. Each sort has half bricks made to suit, 
it, so that when a wall is executed, the course on one of the faces of the wall shows sides 
of whole bricks, the other face of half bricks ; and being worked to the line on each face, 
the bricks on each bed bond alternately over the course below.” Vitruvius concludes the 
chapter with the mention of the bricks made at Calentum in Spain, at Marseilles in France, 
and Pitane in Asia, which are specifically lighter than water. 

1813. It is to be regretted that plastering with cement, a practice which is more to 
the interest of the brickmaker and bricklayer than to the consumer, has become so prevalent 
in this country. These tradesmen thus get rid of their worst bricks, which are hidden by 
a coat of plaster ; the building soon decaying when the heart of the wall is bad. Colour 
seems to be the objectionable quality about this material, the commonplace architect 
forgetting that form is much more essential to beauty than colour. In the times of Jones 
and Wren, red brick was beautiful! v wrought into architectural forms, of which a few 
examples still remain in the metropolis : ana by Palladio, bricks were occasionally used for 
columns without smearing them over with plaster. 

1814. In England, the best earth for making bricks is a clayey loam, neither abounding 
with too much sand, which renders them brittle, nor with too large a portion of argillaceous 
matter, which causes them to shrink and crack in drying. It should be dug at the least a 
year before it is wrought, that by exposure to the atmosphere it may part with all 
extrweous matter which it possessed when first dug. Tlie general practice is, however, to 
dig it in the autumn, and allow it to remain through the winter to mellow and pulverise, 
by which the operation of tempering is greatly facilitated. Upon this operation the 
quality of ^ brick mainly depends, and great attention should be bWtowed upon perform- 
ing this part of the process in a proper , manner. This branrii of the manuiacture was 
formerly executed by throwing the elay into shallow pits, and subjecting it to be trodden 
by men and oxen ; a method which has been advantageously superseded by a clay or pug- 
®m 11, with a horse track. 

1815. As soon as the clay has been thoroughly tempered by one of the methods above 
it is taken to the nmulder'ii bench, where it is cut by the moulder's assistant, 

a woman or a lad,^ into pieces rather larger than the mould, which are pas^ on 
to the mouHer, who throws it with atmie force mto the mould, which lias been previooily 
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dipped in send, lie presses it doim, so that it may fill the whole of the cavity, striking 
off the superfluous day with a flat wooden rule. The newly-formed brick is then turned 
out uf the mould on to a thin board, somewhat larger than a brick, and it is removed by a 
boy to a latticed wheelbarrow, and conveyed, covered with fine dry sand, to the hmch. A 
handy moulder, working fifteen tkours, will mould 5CX)0 bricks. In the hacks, which 
are eight courses in height, the bricks are arranged diagonally above each other, with 
Jt passage between each for the circulation of air round them. The time required for 
drying in the hacks will of course depend on the fineness of the weather ; it is but a few 
days if the season be propitious ; and they are then turned and reset wider apart, after 
which, in about six or eight days, they arc ready for the clamp or kiln. If the weather be 
rainy, the bricks in the hack must be covered with wheat or rye straw; and a.s they ought 
to be thoroughly dry before removing to the clamp or kiln, a few are generally selected 
from difl^rent parts, and broken, to ascertain if the operation of drying has been well per* 
formed. The moisture arising from bricks when burning is very injurious to their soundness. 

1816. The quantity of clay necessary to make ICOO bricks will be somewhere about 54 
cube feet, which allows about 5 feet for shrinkage in drying and burning; for 1000 x 8j^ in, 

X 2^ in. X 4 in. ts49 2 3" 4'^'. The cost of making 1000 bricks, in the neighbourhood of 


London, is nearly as follows : — 

Digging, wheeling, carting, &c. • - • • - 0 1 6 

Moulding, stacking, &c. • - - - - - 0116 

Sand, one-sixth of 2«. - - - - - - -004 

Straw for hacks - - - - - - - - 009 

Barrows, moulds, planks, &c. - - - - - 006 

Fuel 9 cwt. per 1000 - - - - - - 0 10 6 

^£l 5 1 


1817. In the brickfields about London, bricks are mostly burnt in wliat are called 
tlamps. These are generally oblong in form, and their foundations arc made with the 
driest of the bricks from the hacks, or witli common wortlilcss bricks, called place bricks. 
The bricks for burning are then arranged, tier over tier, to the height assigned to the 
clamp, according to the quantity to be burnt, and a layer of breeze or cinders, two or three 
inches deep, is placed between each course of bricks, and the whole, wlten built up, covered 
witli a thick stratum of breeze. On the western face of the clamp a vertical fireplace is 
formed, about 3 feet in heiglit, from wliich flues are driven out by arching the bricks over, 
so as to leave a space about one brick wide. Tiie flues run in a straight direction through 
ti)e clamp, and are filled with a mixture of coals, breeze, and wood, closely pressed to- 
gether. If the bricks arc required to he burnt quickly, the flues should not be more than 
6 feet apart ; but if time do not press, tlie flues need not be nearer than 9 feet to each other, 
and the clamp is allowed to burn slowly. It is possible, if required, to burn a clamp in a 
period of from 20 to 30 days, according to the dryness of the weather. The practice of 
steeping bricks in water after they have been burnt, and then again burning them, has 
been found to have the effect of considerably improving their quality. 

ISIS. A new mode of burning bricks in clamps has been patented by Robert White 
at Erith, wherein the advantages are stated to be that, 1st, nearly all the bricks are burnt 
into stocks, and the yield of inferior bricks is reduced from 35 to about 10 per cent, of the 
total make ; and, 2ndiy, the bricks are so much improved in colour and soundness as to give 
them a considerable additional value in the market over common stocks. 

1819. Tiie AtVns which are used for burning bricks are usually 13 feet long, by 10 feet 
6 inches in width, and 12 feet in height. The walls are one brick and a half thick, and 
incline inwards as they rise. A kiln is generally built to contain 20,000 bricks at each burning. 
The fireplace consists of three arches, which have holes at top for distributing heat to the 
bricks, T1 ese are placed on a lattice-like floor, and first undergo a gentle action of the fire for 
two or three days, in order to dry them thoroughly. As soon as they thus become ready for 
burning, the mouth of the fireplace is dammed up with what is called a Bhinhg (which consists 
of pieces of brick piled against each other, and closed with wet brick earth), living about it 
sufficient room to introduce a faggot. Tlie kiln is then supplied with brushwood, furze, 
heath, faggots, Ac., and the fire is kindled and kept up until the arches assume a white 
appearance, and flames appear through the top of the kiln. The fire is then slackened, and 
the kiln gr^ually cooleA This process of alternately raising and slacking the heat fk the 
kiln is repeated till the bricks are thoroughly burnt, which is usually accomplished in about 
eight and forty hours. 

1820. The malm or marl stock, which is of a bright yellowish uniform colour and 
textu’^e, is not always to be bad, especially in the London districts ; in consequence of which, 
aevend years ago, it was discovered that chalk mixed in certain portions with loam, and 
trea^ in the usual manner, proved an excellent substitute for it. It not only was found 
to improve the colour, but to impart soundness to the brick; and the pimetioe U now 
generslly adopted about London. At Emsworth in Hampshire, and also at Southampton, 
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ooze, or sludge, from the sen-shore, containing much saline matter, is used for a similar 
purpose : these bricks, however, have not the rich brimstone colour of the London malm 
stock, nor the regular stone-colour^ hue of the Ipswich or Suffolk bricks. 

1821. The finest marl stocks, which are technically called firsts^ or cutters, are princi- 
pally used for arches of doorways and windows, quoins, &c., for which purposes they are 
rubbed and cut to their proper dimensions and form. There is also a red cutting brick, 
whose texture is similar to the malm cutter, which must not be confounded with the red 
stock. The next best, which are chiefly used for principal fronts, are called seconds ; 
they are not quite so uniform in CDlour, nor so bright as the last, but are, nevertheless, a 
handsome and durable brick. 

1822. Stocks are red and grey, both sorts being equal in texture. The red sort are 
burnt in kilns. The grey stocks are less uniform in their colour than seconds, and are of 
rather an inferior quality. They are used for common fronts, and walls. 

1823. Tlace bricks, or jacking s^ sometimes also called sandel, or samel bricks, are those 
which, having been outermost or furthest from the fire in the clamp, or kiln, have not 
received sufficient heat to burn them thoroughly. They are consequently soft, uneven in 
texture, and of a red colour. These should never be used in a building where durability 
is required. The name was formerly applied to the second quality of bricks, and these 
are still so called in Ireland, being used for inside walls : the Irish harder burnt brick, 
having a semi-glazed surface, is called firebrick, and is used for exterior work where 
expense is not an object ; of course it lasts much longer than the other sorts. 

1824. Burrs and clinkers are such bricks as have been violently burnt, or masses of 
several bricks run together in the clamp or kiln. 

1825. Compass bricks are circular on the plan, and are chiefly employed for steyning, 
or walling round wells. 

1826. Concave or hollow bricks are made like common bricks, but hollowed on one side 
in the direction of thoir length, and are adapted to the construction of drains and water- 
courses. Other hollow and pierced bricks of several shapes and sizes are supplied by 
various manufacturers. A beaded brick, drilled with holes, for garden walls, to avoid the 
necessity of nailing in training trees, are made at Stony Stratford, in Northamptonshire. 

1827. Firebricks, so called from their capability of resisting the most violent action of 
the fire, are of a dark red colour, and of a very close texture ; they are made about 
0 inches long, inches broad, and 1 ^ inches ihiek. The loam of which they are ma le 
is yellow, harsh to the touch, and contains a considerable portion of sand. Their quality 
renders them highly serviceable in furnaces and ovens. The greater part of those used 
about London was formerly brought from Iledgerly, a village near 'Windsor, whence they 
obtained the name of Windsor bricks. This sort of brick is also made io various parts 
of Wales, whence they are called Welsh lumps ; also at Newcastle ; at Poole in Dorset- 
shire; at the Hurlford works, near Glasgow; and at Stourbridge; the latter supplies 
chiefly the London market, but the material is one of the dearest. Fire clay, and flue 
linings for furnaces, are extensively used. The Dinas brick, manufactured by the 
Ynisyraudu Company, near Swansea, stands a bent that will melt the Stourbridge brick. 

1828. Paving bricks are for the purpose which their name implies, and their dimensions 
are the same as those of the foregoing sort. 

1829. Dutch clinkers siudi Fleniish bricks yary little in quality; they are exceedingly 
hard, and are used for the paving of stables, yards, &c., though they are by some objoettU 
to, as being too hot for the horses’ feet. The former are 6 inches long, 3 inches broad, 
and 1 inch thick, and are often laid on edge in various fanciful forms, as the herring- 
bone, &c. The adamantine clinker is noticed in the next chapter. Tebbutt’s patent 
“ safety” brick is used for stables, yards, lavatories, and such places, aa it gives a good 
foothold and a dry walking suiface. 

1839, South Staffordshire supplies a blue vitrified sewerage and paving brick (as used 
on Charing-cposs suspension bridge, 1866, and on Chelsea now bridge), and a channeled 
stable brick. It is stated that the Tipton him brick, when used for facings, lets in the wet 
most thoroughlv, either through the brick or through the mortar joints, so that walls of this 
material should be built hollow. The construction of the work was questioned, as 9 and 
14 inch walls have been erected with these bricks with success. As they are scarcely ab- 
sorbent, mortar does not thoroughly adhere to them ; this want of adhesion might be 
remedied by well soaking the bricks before using them. Blue bricks of various forms are 
also used for paving, copings, channels, gutters, border tiles, plinths, &c. 

1831. .^ongttt the many qualities and varieties of bricks now in use in the metropolis, 
the following may be enumerated in addition to those already mentioned. The Cowley^ 
Ksse^^ oiwf Ikent bricks. From Cowley are sent slocks, best yellow and white cutters, 
yellow and white seconds, naviours, pickings, &c. The Aylefford and Burham works, 
near Maidstone, on tbs river . Medway, formerly the property of 1!he late Thomas Cubitt, 
produce gauii bricks of good quality. PiokwelTs patent white brick is sound, has a 
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of ^lour, resists frost and the action of acids much longer than others. Tfiej 
are manufactured at Hull. 

'1831a. The Sttffolk bricks, called white Suffdks, are of two or more qualities, expressly 
made for fadngs, and are expensire; the best are rarely to be obtained in London, being 
sold in the locality of their manufacture. They have a disagreeable cold hue, rendered 
BtiU more dudl after a few years* wear in the smoky atmosphere even of a provincial town. 
They are not so well burnt as those which are somewhat of a light pink or salmon tint. 
These latter are to be bought at the kiln at about 1 7s. per thousand, and by some persons 
are thought to make better brickwork than those which fetch 60s. or more per thousand 
in London. The works supply superior white and red (kilnburnt) Suffolk facings, spla-ys, 
dooivjambs, coping bricks, stable clinkers, Occ.; dark red facings, rubbers, splays, paving 
bricks, &c. ; bright yellow malm facings, and cutters of best quality. Mean quality, and 
pale malm seconds, pickings, paviours, &c. A dark-coloured brick from Huntingdon is 
of a finer colour, uniform, much smoother than ordinary, and equal to those made in Kent. 

1831 A Beart' 8 patent bricks are made at Arsley, near Hitchin, on the Great Northern 
Kailway, of the following qualities, ranged accor^ng to price:— White rubbers; hand 
made moulded solid brick, equal to the best Suffolks ; No. I best selected white facing 
brick (pierced) ; and ordinary; these two are of uniform colour, hard and well burnt, and 
used extensively for facings ; No. 2 mingled, red and pink, vary from the above only in 
colour, and are equal in every respect to the best made stock bricks. These bricks are 
made from the Gault clay, one of the subcretaceous formations interposed between the 
chalk and the wealden deposits, or between the chalk and the upper oolite. The composi- 
tion varies, for although it is of a tolerably uniform dark blue colour, it sometimes contains 
large quantities (comparatively) of the hydrous oxide of iron ; and in others it contains 
much of the bicarbonjite of lime, in combination. The former bum in the kiln into a deep 
red brick or tile of rather inferior quality ; the latter are used for the pierced hard white 
bricks above described. It is stated that these bricks are required to be burnt with great 
care, for if the calcination of the lime should take place under such conditions as to leave 
the lime in a caustic state, it will slack on exposure to the weather, or when moisture is 
applied to it. There is some difference of opiniom as to whether mortar can be made to 
adhere to the smooth hard face of these bricks to make sound and strong work. 

1831i?. The red bricks derive their colour from the nature of the soil whereof they are 
la jp osed, which is generally very pure. The best of them are used for cutting-bricks, 
called red rubbers. In old buildings they are frequently found set in lime putty, 
awf^Kil^rvcd into ornaments over arches, windows, doorways, &c. The Fareham reds 
are noted bricks. The Rowlands Castle (Hampshire) brick, tile and terra-cotta works 
supply reds in colour and appearance similar to Fareham. They are very hard and strong. 
At a mean pressure of 76,867 lbs., or 686 cwts., they cracked slightly, and with 
140,617 lbs., or 1256 cwts., they cracked generally; giving 141'9 and 259'5 tons per 
square foot. The Thiirstonland brick, from near Huddersfield, is made from a deep bed 
of shale, producing when burnt a rich red colour; each brick undergoes a pressure of 
14 tons, is well burnt, and being of a vitreous nature is impervious to atmospheric and 
other destructive influences. Moulded bricks can be made. They have been used at 
some of the London Board Schools, and largely at Blackburn and Sheffield. The crush- 
ing strain is^over 399 tons per square foot, and the brick contains 66 per cent, of silica. 

183^1<l. Bibck bricks are obtained from Cow bridge, in South Wales ; these were used at 
All Saints* Church, Margaret Street, and cost £4 per thousand. The i^llingdon or Ewell 
deep black rubbing and building bricks, probably so rendered by manganese, are soft 
in make and deaddooking in colour. The same factory, and Chalfont, supply dark, and 
bright, red rubbers ; with black headers, glazed and unglazed. Red and black bricks are 
sent from Burgess Hill, Sussex; and from Maidenhead, in Berkshire. 

1831c. Bricks are now made glazed white and also many other plain colours ; others 
with patterns on the face as borders and for decorative purposes. Tbe white glazed 
bricks are used in lieu of tiles for the reflection of light ; others for securing perfect 
' cleanliness of wall surface ; and for obtaining quiet and neutral tones of colour for the 
walls of wards of hospitals, and other similar purposes. 

1832. By the 17th Geo. III. cap. 42, all bricks made for sale were directed, whe« 
burnt, to be not less than 8^ inches long, 2^ inches thick, and 4 inches wide. This statutei 
which was enacted for the purpose of levying a duty, is now no longer in force, and the 
manufacturer is at liberty to make bricks and tiles of whatever size and form may be best 
suited to the work for which they are used. This Act having been rescinded, has led to the 
introduction of moulded and ornamntal bricks to a -vast extent, which will probably be 
still further extended ae brickmaktng machinee become more useful and certain in their 
operations. The patents for them are now very nnmerous : some of ^em are stated 
xnakeujp to 20,000 per dty, as may be r^uired. The size o^the briclti however, has 

MtAinAO. and habit vilL nn dnnbt. nantinus it in flumm*. esnnidallv for renainL * ' 
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1832a. Bricks lud ia the sammer season should be well saturated with water proTions 
to lading ; and if the work be left for a day only, the walls should be as carefully coror^ 
np as in the winter, for in hot weather the mortar sets too rapidly, and hence the necessaS 
cohesion is destroyed ; an evil much a^ravated by the dnst constantly hanging about tw 
bricks, more especially at that season of the year. (See 1900d.) 

1833. A valuable pa|)er. On the Transverse Strength of Bricks^ was delivered by Mk-i 
W. Hawkes at the Institute of British Architects, January, 1861. Be stated that he hiK 
always tested bricks by their transverse power in preference to the crushing weight, whi(^ 
was out seldom called in question, as it teNs nothing if the bricks will resist from ZQ to 
100 tons dead weight. It would often be useful to know if in a 9 inch wall we could dis- 
tribute a weight, say of 13 tons, over an opening 90 inches wide, having only 40 inches 
depth, supposing that the bricks be of moderate strength snd the mortar be as strong as 
the bricks. The pressure and weights were applied in each case in the centre of the brick. 

1833a. He experimented on Dutch clinkers (made at Moor, near Gouda, in South 
Holland, from the slime deposited on the banks of the river Yssel; and formerly from 
that of Haarlem Meer ; the clay or slime is washed to get rid of the earthy matter before 
being moulded ; the colour is lightish yellow brown) ; Tipton blue bricks ; Birmingham, 
hand and machine made ; Leeds, ditto; Biidgewater; Colchester; Oxford; and London, 
&c. ; with tiles of various kinds. As, however, these experiments were made to a calcu- 
lated standard size of 7 inches long, 4*5 inches wide, and 3 inches thick, the results are not 
generally useful fora work of this description. But we give the few actual weights borne 
by certain bricks. Thus the 9 Leicester bricks carried at the ordinary size, 1,462 lbs., 
1,392 lbs., 1,252 lbs., 1,132 lbs., 1,052 lbs., 1,002 lbs., 902 lbs., and 892 lbs. The 9 from 
Rugby carried 1,222 lbs., 1,022 lbs., 1,012 lbs., 862 lbs., 822 lbs., 552 lbs., 422 lbs., and 
362 lbs. The 7 London bricks carried 1,142 lbs., 1,9411 Iba, 952 lbs., 662 lbs., 652 lbs., 
422 lbs., all being stocks] the last, a place brick, carried 270 lbs, The 7 liondon 
bricks (second set) carried 970 lbs., 690 lbs., 580 lbs., 400 lbs., all stocks ] and 650 lbs., 
490 lbs., 340 lbs., all plaae ; tbe/ro^ was not allowed for in the calculation. 

18835. The following are the ascertained weights of bricks of the sizes stated: — 





ins. ins. ius. 

Iba. cwta. per 1000. 

London stocks - 

• 

- 

8jx4ix2| 

« 6 81 = 60} 

Red kilu - - - 

- 


8i X 4 X 2| 

= 700 = 63 

Welsh fire - - - 

A 

. 

9 x4j x2f 

« 7-84 = 65 to 75 

Paving 

- 

- 

9 x^xlf 

=» 6*90 = 45 

Dutch clinkers - 


- 

64x3 xl| 

= 1*55 » 14 

Irish fire - - - 

. 

A 

8|x4ix25 

= 67 

Worcestershire, solid, machine made - 

8*75 

Ditto, perforated 

- 

- 

- 

6*00 

Btaflfordshire, solid, hand made 

A 

A 

9-50 

London stock, hand made 

- 

- 

A 

5*75 


1833c. Brickwork expands with great beat. Mr. Hawkes*s experiments, already 
noticed, on a furnace chimney, 54 feet 7 inches in height, showed that the result of six 
trials was an elongation of 1 *425 inches. The great heat of the furnace chimney for 
melting iron is never reached in house flues, but since the introduction of hot air cockles 
and hot water furnaces, particularly the high-preisure, the heat of these flues is increased 
fivefold compared with flues from open fireplaces. An iron bar might perhaps be heated 
to redness in some of the furnace another chimney, at Thames Bank, in a 

height of 80 feet, the brickwork showipi^ expansion at times of | of an inch. 

1 833d. Burnt Ciay Balulst. This is now extensively used for forming the foundations 
of the new formed roads ro.UDd the metropob's, and fbt footpatha in the suburban gardens. 
The clay obtained in making the excavations for the new houses is run to a convenient 
locality a4jacent ; a log of old timber is fixed upright iir:the ground; a horizontal flue 
6 or 8 foot long is formed with bricks on edge, with an opening on the top near the log. 
Shavings are laid round the post and in the flue, outside of which pieces of timber are 
piled in a conical form tibaut 8 feet wide and 5 feet high ; and then coated with about half 
H ton of coal, which is covered with the newly excavated clay to a convenient thickness. 
The shavings are then lighted, if the wind suit ; and in a short time the top of the heap 
falls in, lumps of coal are then throwh in, and on them more lumps of clay. The pbjecfc to 
be attained is to have a mass of red hot fire in the middle of the iK'ap. For a heap of 
about 100 solid yards of (flay, about 11 loads of breeze or ashes and 4 tons of slack or fine 
coal will be needed. The heap, once fairly alight, is covered with day. The tendency of 
the fire being to burn upwards, the fireman, with a long rake, drags the outer surface 
downwards every time the burning heap is f^ ; this is done by scattering the slack over 
it with a i^ovel to quicken the fire, and the breeze is then laid on to retain it ; while a 
fresh kyer of day is f ul^Ue^tly ^ on all over the heap. When this day is nearly 
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t :oo much, shields must be put up to br^ tke wind. The^euerHl form of tho heap, 
ich is cone-shaped at starting, becomes of a flattt ned circular t p in course of being 
rked. It should not be made too high, as that increases the labour of wheeling the 
y. When all the clay is used, such portions as are not sufficiently burnt are raked 
and thrown up to the top to the greater heat: the heap is theti trimmed off and left 
cool. When wdl bumi^ the ballast be worth the trouble ; when badly done, as if ^ 
Lally the case, it is not much better th4n rubbish, in fact not nearly so good as the usual . 
^A^ry brick rubbish of which roads should be made. When well burnt, ground fine, and 
mixed with an equal portion of sand, and a less than the ordinary proportion of good lime, 
it makes a mortar which will set as hard as cement The ballast may also be sifted 
through a 66 or 70 wire sieve, and the fine stuff, hard and clean, used for mortar or for 
the plasterer ; the coarse and the rough for concrete, in addition to gravel. Wlien used 
as core for a road, it should be at once covered with the Cowley or other gravel, or the 
clay beneath it rises up with traffic, and much rain will soon render tlie road as bad as 
though the soil had not been covered ; in fact it turns into mud, and the scamping builder 
finds it pays to mix his bad lime in the roadway dirt, and to use the mixture for mortar. 

1833^. Coke breese or }>reeze is akin to the above in the use now made of it. It is 
extensively used for mortar; ground in a mill, in lieu of sand or burnt ballast, it is said 
to set harder, being cleaner and sharper than sand, and requires less lime or cement. It is 
employed in artificial stonework, in concrete, and in paving. In ballast burning it burns 
the clay harder, and is cheaper than small coal. For roads and pathways it is clean, not ^ 
picking up in wet weather, and is good for sur^ce drainage. In some places it may be 
cheaper than sand or ballast. 

TILES. 

1834. Tiles, which in their constituent parts partake much of the nature of bricks, 
are plates of clay baked in a kiln, and used instead of slates, or other covering of thevoofs 
of houses. The clay whereof tiles are formed will always make good bricks, though the 
converse does not hold, from the toughness required on account of their being so much 
thinner than bricks. The common kinds are made of a blue clay, found in many parts 
about London, and mostly deeper seated than brick earth. The best season for digging 
it is in September and October, and itsMould then lie exposed during thrwinter. It may, 
however, be turned up in January, and worked in February ; and, as in brick, so in tile- 
making, the more care bestowed on beatingjud tempering the clay, the better will be the 
tiles. In 1477, 17th Edward IV., c. 4, it enacted that clay should be dug before 
November, and be stirred and turned before March. Tiles are burnt in a kiln constructed 
on the same principles as the brick-kiln, but with the addition of a cone, having an 
opening at top round the chamber of the kiln. They require much care in burning. If 
the fire be too slack, they will not burn sufficiently hard ; and if too violent, they gla^e, 
and suffer in form. 

1835. Plain pr crown tiles are such as have a rectangular form and plane surface. They 
were miMla 10| inches long, 6^ incUes broad, and | of an inch thick, by the statute. They 
are mahufactKred with two holes in them, through which, by means of oak pins, they hang 
upos^the lathi* In usiujgaU coverings of this species, one tile laps over another, or is 
p|uM^ Ofer the u]^er pai^of the one immediately below ; that part of the tile which then 
a^ew uncovered is called the gauge of the tilij^ Terro^mdallio tiles for roofs, with 
two projections at ^ back to catch on the latl|i|H|lieu of p^s, are now in use. Terror 
metcUlio Staffordshire goods in red, blue, and oH ^colours ; also blue i^d red, plain, 
capped end rolled vidge tiles Ip 16 inch leiMplK . Broteleg roofing tiles in various 
coburs and patterns. The hflfc pressed roofin^ti^are of superior raanufiveture and 
quality, of very hard meti^ Ip^pib^iiOtts to nioisti^ and will not allow of vegetation 
growing on them. The NaceoU^Ws ycurde, Ashford, Kent, supply a 

dark brown tile, about 9^ inenei^Jsy inches, of which 1,400 go to a ton ; the timbering 
of a roof is not more than for slates. It was there that the abbets of Battel manu- 
fsotured tiles forlheir own use and for sale, On stripping old rooik^ these tiles have 
been found sound and were used again; the heart of oak laths had perished from 
age. Italian which were made about 1840, by Brown, of Surbiton, differ somewhat 
from their %at" prototype, as, instead of being fiat, they are slightly curved, fit easily one 
into the othe^, with a horizontal indentation serosa^ the upps^fwrt, to prevent the wind 
drifting the raih over the tile head; they have either wnie ^ nampw vertical rolls. 
Such tiles are useffiUy employed in picturesque buildingsia the country. Taylor's itsso 
roofing tiles have a plane surface and a slight turned up pdge at the sides, a lump on the 
surface near the upper edge prevents the upper tile A cover tile is p£ a similar 

size and form; these tiles were need about at thAehwjfidliiM : 

pool Stoeet. They are reeomuneided^ being the wei|Dt of eroinarw Uli^^ 
each tile under 4 lbs., and as light as slatioj; ; hh laid to as fiat h 
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They should be 18 iQ« loi>gr» und girt About fncliee on the outside. Weight about 6 lbs. 
Ridge tiles, plain, and with cresting, are now introduced in red, blue, bl^k, and green 
ware. Plain, flanged, rolled top, and ornamental grooved ridging tiles, are coininonly seen. 

1837. Gutter tUee are about the same weight and dimensions as ridge tiles, though 
diflbring in form, and are for the valleys of a roof. They are now rarely need, their 
place having been supplied by lead, and lately by sine in common work. 

1888. Pan or Flemish tileenKse a rectangular outKne, with a surface both convex and 
concave, thus^J^J^. They have no holes for pins, as plain tiles have, but are hung 
oU to the lathsbyakttot of their own earth on their underside, nearest the rid^, formed 
when making. They are often glazed, and should be 14^ inches long and 10 J inenes broad. 

BridgewcUer doubU roll tUea are shown in fig. 614a. Three 
stubs are formed On the back to catch the lath.* They lap over two 
inches, and afford good ventilation for farm buildings, with good 
protection from rain and snow. Phillips’ patent lock jaw roofinij I'ig.6i4€i. 

tries, with single grip and double grip, are ornamental, and stated to be wind, rain, and 
enow proof. The grip consists of each tile locking on to its neighbour by one or two 
rounded grooves or beads. 

1839. The following are the weights of the undermentioned sizes of tiles used for 
various purposes : — 


Paving tiles at per 1 00. 

cwts. qrs. 
9x9x2}« 0 13 2 

9x 9xl| =092 
9x9xlJ= 0 7 3 

9 X 9 X li = 9 lbs. each 

12xl2xl| = 16 „ 

12x12x2 = 22 „ 

14xl4x2f = 35J- „ 

16 X 16 X 2 I = 44* „ 

18xl8x2| = 64^- „ 
20x20x2| = 84 „ 

22x22x2| =104 „ 

24x24x3 = 133 „ 

Ridge tiles 18 in., \ 

about/ ” 

10 to 14 cwta. per 100. 
„ rolled, 18 to 24 in. 

23 to 29 lbs. each. 
12 to 18 cwts. per 100. 


Malt kiln tiles 

12 xr2 X 2 =16 lbs. each. 
Hothouse flue tiles 

12 xl2 X =13 „ 


Plain tiles 

lljx 6|x \ 
10|x 6|x I 
11 X 7 X I 
Pan tiles 


lbs. cwte. 
each per 1000 

'2-61= 22i 
2-90= 26 J 


13ix 9ix i = 6*25= 47 
Bridgewater double roll tiles 
16^x14 x^to|= 8-80 
Paving tiles, squares 

6x6x1 « 2*16= 19i 

9jx 9|xl = 6*70= 60 
ll|xll|xli =12‘42=111 
Ditto, hexagons 

6 X 6 X J = 1-63= 14i 
6x6x1 = 1'86» lef 


1 830a. White glazed tiles of Dutch and English manufacture are used for lining the 
walls of baths, larders, dairies, butchers’ and other shops, kitchen ranges, areaa for re- 
flecteid light, and other such like purposes. For walls of entrance lobbies and similar 
places, glazed tiles are stamped with a pattern, giving a decorative appearance. Mathe- 
matical tiles are employed for covering the vertical snrfaces on the outside of walls, in 
Imitation of brickwork, and to prevent wet being absorbed. 


18896. Ornamental PavemmtS, The use of hardened clay for pavement is of the highest 
antiquity. Our own country furnishes numerous examples of the varieties employed by 
the Romani. The tiles are usually made of the clay found in the immediate neighbour- 
hood in which they have beep ^sea ; and ornamented, sometimes with colour, but more 
frequentiy with merely an impressed or raised design. During the Mediseval age, encaustic 
and other tiles were largely employed. Many varieties of piain and ornamental tiles are 
now made in the Potteries, as at Broseley ; also at Poole, in Dorsetshire. The coarser 
kiuds, for streets and doorways, have a r^ or a buflT colour, and are prepared from the 
•Staffordshire clay, which ia found associated with coal. By mixing metallic oxides with the 
finer clays, blue and other colours are produced. The manufacture consists in bringing 
the clay into a state of fine powder, containing a certain amount of moisture ; the mass is 
then placed in a mould of iron which it completely fills, when the ram of as hydraulic 
press, exactly fitting the gives a presnure of from 150 to 200 tons, comln^ing the 

clay into a comparatively email space ; on being removed from the mould it is polished 
or smoothed off on the surface, umd then it is ready for being baked in the kiln. The 
or variegated ^ ie eompoeed, in the body, of ordinary red or buff clay f it is 
^pressed in a mould nsder a^QOiimsoa ecrew press, the mould not only producing the outer 
form of the tilm brut certain imp the fac# 0| tlie clay, about a quarter of an 

inch in depth. It is theialahl^ out of the mould, and ii^wed to acquire a certain state 
of ^fynese. ^ l)evoniikijie er coloured, is then poured over the whole surface, 

filltnor ««• Afaf a-a# * waaht fSilAlr a/im • wliAn fliiA Kaa Kaam fn a. /»Atw 
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pressed spaces only being filled with the coloured in.itter. A layer of clay is also applied 
to the back, and is sometimes pierced with holes to prevent the bending of the tiles in the- 
prvKiegs of baking. 

1839<7. The I'esserta are manufactured by a similar process. In Lambeth, clay being 
properly prepared and stained of the desire*! colour, as black, red, blue, dtc., is malde into 
long narrow ri bbons, by means of a squeezing machine. These ribbons are cut into squares 
which are placed one on another, 15 or 20 high, previously oiled to prevent adhesion. 
These piles are then placed upon a frame sliding in t wo perpendicular grooves, with fine 
Steel w'ires stretched tightly across, so that by pressing Uie frame downwards the wires 
subdivide the slices into the square, oblong, triangular, or other shaped tesserse required; 
these are then dried and baked in the ordinary way. Messrs. Minton manufacture their 
tessera by pressure as for making tiles. 

1839<f. The mode of forming tesserae into mosaic paving dabs is as follows : — The tesserse 
are laid face downwards on a perfectly fiat slate, in the pattern or design required. The 
size and shape of the slab is given by strips of wood or slate fastened round the tesserse. 
Portland cement is poured on the backs of tlie tesserae, and two layers of common red tiles 
are added in cement ; thus forming a flat and strong slab, which is fitted for lading down as 
pavement. (Hunt, Handbook^ 1861.) The better tiles, and the larger tesserae for pavements, 
arc laid s^arately on a carefully prepared foundation of fine concrete, and then set in fine 
sand. The durability of a tesselated pavement consists greatly in the solidity of the founda* 
lion given to it. With a floor subjected to vibrations such a work will go to pieces. The 
encaustic tiles with raised patterns should only be used us wall linings, as at Granada, and 
never for pavements, as is sometimes dune. 

1839c. Stonew ahe is a dense and highly vitrified material, impervious to the action of 
acids, and oT'p^uliar strength. Until about 1836, when the duty was taken off, this 
material was chiefly used for common spirit bottles, oil jars, &c. The clay used is found 
near thjg coast in Devonshire and Dorsetshire. It is dug in square lumps of alx)ut 40 lbs. 

: each, transported in ships to London. After l>eing perfectly dried it is ground to a 
' powder, mixed with water, and, after being allowed to become of uniform consistency, the 
mass is passed through pug mills, and taken to the w^orkmen. For making large articles, 
portions of the burnt material, finely ground, are mixed with the new clay ; also some white 
sand found in the neighbourhood of Woolw’ich and Reigatc. 

, ISSO/*. Almost all round articles are formed by the potter, on wheels turning with the 
/ required rapidity. The potte r's wheel whs knowm in Egypt some 2,600 years n.c., and it 
remains practically the same. It ^Tworked by hand; then by the feet, keeping a steadier 
constant motion ; larger articles caused the disc to be attached to a large fly wheel, worked 
by an assi-stant, who was directed by the potter ; lastly came the addition of steam and 
the conical drum, enabling the potter to regulate the speed required. For articles of 
other shapes, the composition in a soft and plastic stuto is laid in plaster of Paris 
moulds; the porous plaster gradually absorbs the moisture from the clay, and when 
sufficiently firm it is removed. S<»mo thousand articles are frequently made from one 
mould before it is destroyed. When thoroughly dry, the ware is placed in ovens or 
kilns, and exposed to a gradually increasing heat, so intense as to become, before finishing 
quite white; salt is then thrown in, and, being decomposed, the fumes act chemically v..> ' 
the surface of the ware, and fuse the particles together, giving the glaze so well known. 

cM;arc differs fromAll other kinds of glazed earthenware in this important respect, 
/chat i\\Q glazing is the actual material itself fused together; in other kinds of ware it is 
i7a composition in which the article is dipped while in what the potters call the biscuit^ or 
(httlf'bnrnt, state. (Hunt, Handbook^ 1861.) 

TERRA-COTTA. 

k 1839g. Terra-cotta, that is, burnt earth, embracfs every kind of pottery, but the term 
has now come to be applied eiclusiv^y to that class of ware useS in building, and is 
• more or less ornamental and of a higher class than the ordinary, or even the better make 
of bricks, demanding more care in the choice and manipulation of the clay, and much 
j harder firing, hence it is more durable. The best terra-cotta is a species of stoneware 
\ which does not after years of use show signs of decay from contact with acids and alkalies, 

1839^. Terra-cotta, bke Stone, may be good, bad, or indifferent in quality, but good 
I terra-cotta will hold its own against good stone as a sound building materinl. Bad terra- 
I cotta is that which is imperJiifitJy^bjucnt, and when it is “ sl^ckJbiiPnt,” as it is termed, the 
j material will go back to clav again. Flower- pots are common term-cotta, and often throw 
I off a scale of red earth each time the plant is watered. A well burnt stoi^k bridk is also 
! terra-cotta ; and where is t^e ordinary stone which is equally durable with il ? 

easily tested when struck with it jsj ^^d em itsparks ftvd 
I show a black linojEtildjiijjfijiite irshould be 
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it# surfaces be not chipped or rubbed after burning, and each piece should be properly 
chambered with cross-piece*. 

18d9t. The clays best suited for terra-cotta are found in the tertiary beds, or those 
occurring above the chalk, and corresponding with the lower Bagshot sands of the 
London district. Also those in the oolite and lias tormations. It is procurable at Tam- 
worth in Staffordshire; Watcombe in Dorsetshire; Poole in Dorsetshire; Everton in 
Surrey ; Buabon in North Wales ; in Cornwall, and in Northamptonshire. The clay 
should be as free from iron and limestone as possible, and should be cleansed from all 
impurities. Natural terra-cotta day contains 60 to 66 parts of silica to about 28 parts 
of alumina. The Koman muterial consisted 'usually of the following ingredients: 
Silica, 71*45; alumina, 2 25; protoxide of iron, 12; protoxide of manganese, 0T7; 
lime, 8T4 ; soda, 16*62; magnesia, a trace. Sand is an essential ingredient, and should 
be free from iron. The chief materials constituting the paste are clay, sand, flint, glass, 
and phosphate of lime. 

1839^'. All clays require careful preparation before use, and their after characteristics 
are often as much determined by this as by an^hing ; the same clay being different under 
different treatment, Kneading, or pugging, which consists of well mixing the clay \ 
and reducing it to a perfect consistency throughout ; this is now done by a pug-mill. J 
Most clays are too fat, and require an alloy to make them more workable ; their shrink- 
ing is too great, and they are liable to twist and warp in drying and burning, so that 
rough stuff or burned clay ground fine is added in proper quantities to prevent this, and 
it gives the potter more certain command over the clay. When mixed it is raised in a 
dry state into the mixers, water is added, and it is then passed through the pug-mills, 
when it is ready for use. Sometimes the clay is rendered more homogeneous by being 
struck continuously with an iron bar, to assimilate the parts and to eMcl any air, which 
on being expanded by the heat of the kiln would shatter the work, .^d; A ball of this 
clay is supplied to the potter, who proceeds to form the article by harm ; or it is pressed , 
into a mould, which is of plaster, when repetitions are required. Care is necessary to 
have an equal thickness throughout, to prevent unequal shrinkage. This thickness is not 
njuch more than one inch. When required of a greater thickness, the blocks are formed 
hollow with cross webs to strengthen them. When necessary these cavities may be filled 
with concrete ; this filling also prevents the accumulation of moisture, to which the blocks 
would be liable were tliey left open. The article so formed in the rough is\ 

removed to be dried. Drying is evaporating the water, which must be done very 
gradually and evenly or there would be a liability to crack and twist. When nearly US' 
hard as a piece of soap it is placed on a lathe and smoothed or polished with an iron 
tool. If any part is required to be attached to it the part is moulded, and the clay 
moistened at the point of junctiqRiH^nd the two luted with a very little soft clay. The 
work is now ready to be bunit. Burning is a process of the utmost importance, as . 

on it depends the lasting qualities of the material. A chemical action goes on in the firing^' 
which changes the whoU nature of the clay; it never admits of being worked up again,; 
as ill its original state. To accomplish burning successfully requires much experience, 
skill, and patience. It is now removed to a kiln or reverberatory furnace, and carefully 
packed in fire-clay troughs called scqgars, or placed one over the other. When the kiln 
IS full the doorway is bricked up, ani the fires are lighted in the furnace holes around the 
kiln. Large articles have to be fired very slowly for four or five days, then for about 
forty-eight hours fired sharply until a heat is attained sufficient to bake the ware, and to 
flux the ingredients of which the body is formed into a vitreous mass without melting 
the whole. The in.tenaity usually. .Jiecess^^ry is stated to be that at which soft iron 
wo uld melt. The articles have to be protected from the coal flame by the seggars, or by 
beingedated with paper and clay, or by a muffle throughout the kiln, as the fiame is 
to crack many clays openly exposed to it, and the vapour of coal is sure to discolour the 
ware, generally turning it a foxy red. A kiln o f large goods takes about, ft week to cool. 

1839/. Of late years terra-cotta has been used extensively for the facings and''^ 
dressings of a building in the place of stone. It is generally made of hollow blocks, 
formed with webs inside so as to give strength to the sides and keep the work true while 1 
drying, whereas when required to bond with brickwork it must be at least 4^ inches thick./ 

1839m. The following result of experiments made by Mr. Blashfield for Mr. Charles 
Bflwy, were given in a paper by him on DtUwich Colleg€^ read at the Boyal Institute of 
British Architects, session June, 1868. 

A block of Portland stone about 8 inches cube, bore a crushing weight 


equal to per foot super. - - 292 ^ns 

A block of Bath stone, equal to per foot super. ... - 104 „ 

A stock brick „ „ •- - - ^ 82 „ 

A solid black of Terra-cotta, equal to per foot super. r j • “ h23 „ 

A hollow block, slightly made and unfilled - - s ^ 80 „ 

The same, but filled ivith dconcrete - - - - 163 ^ 

A hollow block, unfilled, b#t made with thidwr walls v - - - 186 „ 
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183911. The terra-cotta claj in burning is Tory uncertain ; it ja ona»tfigl|^| h 

t o one»tyelfi h. '"'Toobriate the risk of warping^ large pieces should only be used whe^re 
absolutely necessary. Blocks may aremge 1 to 3 feet cube; noTer more than 

4 feet; the block is usually from 12 ins. to 16 ins. long, by 6 ins. to 16 ins. high ; 4 ^ ins. 
to 9 ins. on the bed ; if hollow, from 1 to 2 ins. thick. Larger blocks should have 
a division or web of terra-cotta across them. Joints should be joggled, stopped ends 
made solid, beds even, and samples should show extreme limit of colour and evenness. 
In the old Continental and English examples, brick dimensions are as much as possible 
adhered to. Large blocks require corresponding extension of time to be allowed in their 
manufacture. 

( 18390. As regards economy it compares favourably with good stone, while it is much 

more durable, stronger, and cheaper ; for the use of the mould allows, where there is 
great repetition of parts, of most elaborate work, produced at a cost less than that of 
stone ; as much as one-third is saved. The cost of the raw material of terra- cotta is only 
half the cost of Portland cement, and not one-fourth the cost of good stone. Mouldings 
having a girth of two feet can be bought at two shillings and sixpence per lineal foot ; 
tracery for parapets, 4 inches thick, at three shillings per foot superftcial. 

1839^. Its lightness is a source of econon^ in comparison with stone^ by which a 
saving is SHbctedin ca^rh^e and lifHhg ; “the mling brine blocks cftn bo done on the site 
with the broken bricks lying about. In a district where stone abounds, the saving in 
cost would not be so advantageous. In London it would be on an average, say 20 per 
cent, less than Bath stone, and 40 per cent, less than Portland stone. The subject will 
be farther treated in the next book. 


Sect. XT. 

LIME, SAND, WATER, MOUTAlt, CONCEETE, AND CEMENT. 

1840. Lime has not been found in a native state; it is always united to an acid, as to 
the carbonic in chalk. By subjecting chalk or limestone to a red heat it is freed from the 
acid, and the lime is left in a state of purity, and is then called caustic or quicklime, which 
dissolves in 680 times its weight of water. It is not our intention here to enter into any 
account of either of the theories relative to the formation of lime, facts being of more 
importance to the architect in its employment than the refined fancies of the scientific 
chemist. The calcareous minerals are mostly distinguished by their effervescing with, 
and dissolving in, an acid, as also by their being easily scratched or cut with a knife. In 
respect of the lime obtained from chalk. Dr. Higgins (in his work on ccUcareoua cements, 
l^nd. 1780) says, “ It should be observed, that the difference between chalk lime and the 
lime obtained from the various limestones, chieHy consists in the greater retention or 
expulsion of the carbonic acid gas contained in them.” 

1841. An account of the stone from which lime may be obtained in the different counties 
^ of England would unnecessarily extend ihis article ; we shall, therefore, after observing that 

the use of marble for burning to lime would be too expensive, state the YAI^ieties iSlLiUSMl* 

, compact ; 2, the foliated ; 3, the fibrous; and 4, the peastone. TKe compact 

. limestones are of various colours, in hues inclining to grey, yellow, bluq, red, and green, 
^nd to a smoky sort of colour besides. It is usually found massive, often compounded with 
extraneous fossils, particularly shells. Its internal appearance is dull, the texture is com- 
pact, the fracture small, fine, and splintery ; fragments indeterminately angular, more or 
leas shsrp-edged; semi-hard, sometimes soft, brittle, and easily frangible. Specific gravity 
varies from 2*600 to 2*700, and it is composed of lime, carbonic acid, and water, mostly 
with a portion of argyl and oxide of iron, and sometimes of inflammable matter. 

1842. The foliated limestones are such as calcareous spar, statuary marble, &e. ; the 
fibrous limestones, such as satin spar; and Uie peastone, another species of spar. It may 
be remarked, that the various sorts of marble, chalk, and limestone may be divided into 

f those which are nearly pure carbonate of lime, and those containing in addition from one- 
|j twentifUh to one-twelfth of clay and oxide of iron. “ Though the best limestones are not 
'j such as contain the greatest quantity of clay, yet," observes Mr. Smeaton, ** none have 
/ go^ for water building, but what, on examination of the stone, contained clay ; and 

; though, ' he continues, « I am very far from laying down this au an absolute criterion, yet I 
1 Jiave never found any limestone containing clay in any considerable quantity, but what was 
\ good for water works, the p^portion of clayey matter, being burnt, acting strongly as a 
' cement ; limes of this kind all agree in one more property, that of bmng of a dead 
(frosted surface on breaking, without much appearance of .ehining particles." 

1843. Among the strongest limes, such as will set under water, tWe moet in use in the 
metropolis are called orw stone limes, and are procured from Dorking, Mersiham, and the 

^ ,n 8«rrev. The Dorkinff and otliir j|N« d#that part t^e from 
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m chalk formation so extremely hard that it is quarried even itor the purposes of masonry^ 
Those of Merstham particularly are obtained from an indurated chalk marl (clay and 
clialk) which is so hard that it partakes of the nature of stone. 

1843a. ITie known property of the bint Uom formation for setting under water renders it 
an invaluable material in the hands of the architect. In the neighbourhood of Bath it is 
called' Bath brown lime, and when prepared for cementing with metallic cement, is s-iid 
be wind thaked ; that is, after burning, it is placed in roofed sheds open at the sides, ana 
the atmosphere is thus introduced to act upon it. The colour of the Un*^ previous to 
burning, is blue ; after it has passed the kiln, it is of a rich brown colour. 

1843^. It is extremely difficult to give any quantitative analysis of the blue luu. Every 
layer in a quarry will be found to differ more or less decidedly from those above or below 
it. The beds extracted for burning into lime may l>e said to consist principally of car- 
bonate of lime (perhaps as much as 9:) per cent) in combination with silicate of alumina, 
some oxide of iron, potash, and a small quantity of sand, in mechanical mixture ; but the 
ingredients insoluble in nitrous acid, such as silicate of alumina and sand, ^ary in every 
imaginable proportion between 5 and 18, or at times 20, per cent The best blue lias lime 
is obtained from the beds of calcareous marl which contain about 16 per cent of 
silicate of alumina ; such as is brought from Aberthaw in South Wales, Watchet in 
Somersetshire, and Barrow, in Leicestershire : the limes from Whitby, in Yorkshire, and 
from Lyme Ilegis, in Dorsetshire, are nearly equal to them. The principal objection to 
this lime as used in London is founded upon the large proportion of uuderburnt or unburnt 
stone or cart left in it The weight of an imperial bushel of Aberthaw lime of a sufietioi 
quality is 8.5 lbs. 

1843c. riie magnesian limestone of Sunderland lies north-west of the red sandstone. In 
the vicinity of South Shields, in the county of Durham, the format ion becomes extensive, 
and is to be traced to the Tees below Winston Bridge. The Whitby rjuarry near Caller, 
coats has been described in the 4th volume of the Geological Ttaneactiout. The Sunder* 
land limestone is of a bronze colour, and from containing inflammable matter, does not 
require so much fuel to convert it into lime. The naturally hydraulic limestone of Arden 
found near Gla.sgow, ip Scotland, has been largely used in the local dock works, in the 
proportion, for concrete, of one part of ground lime, one part of iron mine dust, one part of 
sand, and four and a half parts of gravel and quarry chips. Pure hydraulic lime, as it is 
called, manufactured (in Flintshire) from the best Halkin Mountain limestone, is much used 
in the dock woi ks at Liverpool und Birkenhead. 

184.‘ltf Hydll^ ulic lime* have been thus classed : — If they harden under water in periods 
varying from fifteen to twenty days after immersion, they are sHglitly hydraulic ; if from 
six to eight days, simply hydraulic ; if from one to four days, eminently hydraulic. 
Hydraulic works frequently burst from the s/a At of the lime which lias not been properly 
prepared for its office. It should be all hydrated before placing, and this requires more 
time than the slaking of ordinary lime ; the heat developed is much less tlian in any other 
lime. 

1844. Before limestone is burnt it seems to possess no external character by which a 
distinction can be made between the simple and the argillo-ferruginous limestones ; what- 
ever the colour of the former, they become white when burnt, whilst the latter paitake 
more or less of a slight ochrey tint. Brown lime is the most esteemed for all sorts of 
cements, whilst for common purposes the white sorts, which are more abundant, are suffi- 
ciently useful. In England, tlie limestones in colour generally incline to a red or blue, 
and those which are found firm, weighty, and uniform in texture are to be preferred. 
Masses broken from large rocks and beds on the sides of liiFs, and those when newest taken 
and deepest dug, are most to be valued. 

1845. The process of analysinfj^ limestones^ is so eminently useful to all concerned in 
building, that W cannot vefraln fmin transcribing ibe method used by Smeaton in his own 
words. I took about the quantity of five pennyweights (or a guinea’s weight) of the^ 
limestone to l)e tried, brulsgd to a coarse powder, upon whicli 1 poured common aquafortis, 
but not so much at a time as to occasion the effervescence to overtop the glass vessel in 
''*hich the limestone was put, and added fresh aquafortis after the effervescence of the former 
quantity had ceased, till no further ebullition appeared by any addition of the acid. 'Hiis 
clone, and the wlwde being left to settle, the liquor will generally acquire a tinge of some 
trunspirept colour ; and if from the solution little or no sediment drops, it may be 
accounted a pure limestone (which is generally the case with white chalk and several 
othersY aa containing no uncalcareous matter in its composition. When this is well 
svttledC pour off the water, and repeatedly add water in the same way, stirring it, and 
U'tting it settle till it becomes tasteless. After this, let the mud be well stirred into tl»e 
vater, tod without giving it time to settle, pour off the muddy water into another vessel, 
and if there be any mnd or gritty matter left behind (as will fiequently bo the case), this 
plleoted by itaelf will •acertain the quantity and species of sabulous matter that entered 
into the lusiure of the lirnMb^l^. Lcl|tn|;, now, the muddy liquor settle, and pouring ofi 
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I tbe Wiitcr till no more ean be got without an aimixture of mud, leave the rest todry, whioh 
when of the consistence of clay, or paste, is to be made into a ball, and dried for further 
examinHtlou.** 

184G. There arc many sorts of kilns for burning limestone, varying in form witl) the fuel 
employed, and tlje combination of the process itself with some other, such, for instance, oa 
making coke, and sometimes bricks. The limestone, however, is generally burnt in kilns 
whose plans are circular and section resembling an inverted truncated cone ; of late more 
frequently made spheroidal, llie heat is in either ca.se obtained from a fireplace under 
the limestone, which rests on l>ars, that can. when the kiln is a perpetual one. egg-formed, 
or a draw kiln, he removed to let out the lime as it is hurat, whose deficiency, on extraction, 
is supplied I>y fresh stone tiie top of tlie kiln. Sod Inina are sometimes used for lime 
burning. I'hese are formed by excavating the earth in a conical fonn, and then building 
up the sides as the earth may require. In using these the limestone is laid in with alternate 
layers of fuel to the top of the kiln, and tiie top being covered with sods, so as to prevent 
the heat from escaping, the fire is ligiited and the process eff’ected The lime is not removed 
till it is thoroughly cool. This m(^e is a tedious operation, and, because of the quantity 
of fuel consumed, far from economical. In the common lime-kiln, the fire is never suffered 
to go down, but as the w'ell-burnt lime is removed, fresh lime is supplied. There isa specie^ 
of kiln called a fiame-kiln. in whicli the calcination is effected with peat. In this kiln the 
process of burning bricks is carried on at the same time. The loss of limestone by burning 
is about four-ninths of its weight, shrinking, however, but little. When completely burnt, 
it falls freely, in s'aking, into powder, and then occupies about double its previous bulk. 

1847. Lime burners have made the important observation, that the quantity of stone 
calcined and the quantity of fuel expended depend on the quality of the fuel Hence the 
kiln is constructed with reference to the fuel, rather than to the nature of the stone to be 
; calcined. Limestone, taking an average time, requires burning about si xty hour;? to reduce 
I it to lime, when the heat is strong and well regulated : but of course no general rule can be 
laid down, as different species will require different peri jds of time, llie principal object to 
\be accomplished is the expulsion of the carbonic acid gas which enters into its composition. 

I 1848. The lime generally mo^.e^emsd is that which heats most in slaking, and slakes 
I the quickest, fsTlIing into a fine powder. If there be among it coarse unslakable lumps 
called core, that will not pass through the screen, either the stone has not been sufficiently 
burnt, or it originally contained extraneous matter; this not only indicates defect in 
quality, but that it will be, as they more or less abound, more costly in use. Lime in 
slaking absorbs a mean of 2 5 times its volume; and 3 25 its weight of water. The 
hydraulic limes absorb less water than the pure limes, and only increase in bulk from 1 *75 
to 2 5 times their original volume. Slaked lime is a hvdrate of lime. 

1849. From the experiments of Mr. Smeaton and of Dr. Higgins, it is sufficiently proved 
that, when chalk or stone lime is equally fresh when used, the cementitious properties of 
both are nearly, if not quite, equal ; but from the circumstance of quicklime absorbing 
carbonic acid more or less in proportion as its texture is solid or spongy, so it gradually 
parts with its cementing nature, becoming at length altogether unfit fur the purposes of 
mortar. Thus, though each of the sorts may be equally good, if properly burnt and quite 
fresh from the kiln, yet from the chalk lime so much mure easily and rapidly taking in the 
carbonic acid than stone lime does, it is not so fit for general use ; and. indeed, now the 
metropolis is so well supplied with the harder chalk and stone limes, there is no excuse fur 
its use, and it should in sound building l>e altogether banished. 

1850. The following tabic, from Smeaton, contains a list of the limestones he examined 
on the occasion of building the Eddystone Lighthouse: — 


Species of Stone. 

Propor- 
tion of 
Clay. 

Colour of the 
Clay. 

>{<‘<liiction 
ofWiiaht 
by i.urnlng. 

Colour of Brick made of 
such Clay. 

Aberthaw, on the coast of Gla- 1 
morganshire • - J 

’ A 

Lead colour 

4 to 3 

Grey stock brick. 

Watchet, small sea-port in So- I 

ft 

Do. 

4 to 3 

/ Light colour, red- 

mersetshire - - - J 

\, dish hue. 

Barrow, Leicestershire 

ft 

Do. 

3 to 2 

Grey stock brick. 

Lon^ Bennington, a village in \ 
Lincolnshire - •] 

ft 

Do. 

- 

Dirty blue. 

Sussex Church, near Lewes in 1 
Sussex • - - J 

ft 

Ash colour 

3 to 2 

Ash colour. 

Dorking, Surrey 

. ft 

Do. 



Berryton grey lime, near Peters- 1 
Md, Hants - - ] 

ft 

Do. 



( OvUfordt Surrey 

. ft 

Do. 


. 

1 Siiltuib Lineaahire • * 


Bnnra 

r I 

1^ ‘ 
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1851. SAwna hould by all means, if possible, be procured from a running dear stream, in 
pieferenoe to that obtained from pits It is cleaner and not so connected with clayey or 
muddy particles. About the metropolis it is the practice to use (and an admirable ma> 
terial it is) the sand of the Thames procured from above London Bridge. This sand has 
acquired a deserved reputation among the architects and builders of the capital. It con- 
tains, however, a vast portion of hetero^feneoiiS matter, such as calcareous fossil, quartzose, 
and flint sands, particles of coal alluvium, and much iron. The sharp drift sand of the 
Thames, therefore, before mixing with the lime, should be well screened and washed. 

1852. If vit stind only can be procured, it should be repeatedly washed to free it from 
the earthy aii^ clayey particles it contains, until it becomes bright in colour, and feels| 
gritty under the fingers. Smeaton has stated that clay, even In. very small quantities, materially lntei> 
feres with the hardening of mortar, and disposes it to p.’rish in a few years. When the architrot is obliged 
to use tea sand, it must be well washed in fresh water until the salt is entirely reutoved ; otherwise the 
cement for which it is used will never dry. So small a qa;mtiby as 3 per cent, of salt causes great incon. 
venlenoes. Whenever the weather is dry, the walls show an eflfloreaoenoe on the inside or outside. 
This, when there is damp in the atmosphere, will collect moisture, causing the wall to look wet, and will 
throw off any paper placed on it. In one case, where a builder in d-crlE^nately employed sea sand for 
outside and Inside purposes, the saline property soon introduced the rot to all adjoining timber. There 
Is still (1887) much diversity of opinion as to the advisability of using sea sand. The washing is of 
primary importance ; it Is to be bast effected by using an iron pipe of .about three-quarters of an fnoli 
diameter and two feet long, joined on to an india-rubber pipe attached to the water main. This pipe 
is to stand in the centre of the tub ; fill the tub with the sand, then turn on the water, which passing to 
the bottom of the tub, rises through the sand causing any salt to rise with it ; if allowed to run, the tab 
overflows, and the salt is soon all carried oflf. The eand should be washed as soon as it is taken from the 
beach. (B. 0. Morgan.) 

1852a. It will be well to notice here that Professor Wilson, of the Edinburgh Labora- 
tory, made in 1848 a report on the use of tea sand in mortar in a house. No. 10 Randolph 
Crescent, which was said to he damp from the use of it. On analysis he found that the 
mortar contained only l-l0,0(X)th part of its weight of the chloride of magnesium, a highly 
deliquescent attracting substance. But he considered that the setting of the melrtar 
mechanically enveloped and locked up within its m iss the substance in question ; and 
further, that it might chemically combine with the lime of the mortar to form a compomjd 
not readily to be dissolved in water. It was also thought that in consequence of a 
chemical action taking place between the lime in the mortar and the chlorine derived from 
the sea water contained in the sand, chloride of calcium (muriate of lime) would be pro- 
duced, and this being a deliquescent substance, would attract moisture and render the 
walls damp. The amount, however, of chlorine in specimens of sea sands, was found to 
vary from a 2,174th toa 549th part oftheir weights; the mean amount was a 1,204th part. 
The quantity in the mortar was so minute that it could not sensibly produce the effects of 
damp. The mechanical envelopment of the chloride of calcium in the mortar would also 
shut up this deliquescent substance from moisture, and conduce to dryness, A further sub- 
stance in sea sand, is chloride of sodium (common salt), and if the chlorine of this be 
transferred to the lime to form chloride of calcium, the sodium will become converted into 
carbonate of »K)da. Tliese substances may co exist in the mortar, but as soon as they are 
separated from it, and diffused through the stone, or brought to its surface, the carbonate 
of soda will convert the chloride of calcium into carbonate of lime (chalk) and become 
itself chloride of sodium (common salt). A consideration of these facts led the analyst to 
affirm that the apprehension that chloride of calcium, as derived from sea sand, would 
render the house damp, was altogether chimerical. On an analysis of some of the pit sands 
in the neighbourhood, he found that one of them contained almost the same quantity of 
chlorine as in the sea sand, although no charge was made again.st it. It dues nut admit 
of doubt, be reported, that, other things being equal, sea-sand mortar will dry more quickly 
and keep more thoroughly dry than will pit-sand mortar; this sand, it must be noticed, 
contained about 13 per cent, of earthy matter, and was therefore not so pure as the sea> 
Bund. 

18526. Although all the professional publications of late years have described the bad 
effects likely to result from the use of unwaslied pit sand, builders in the outskirts of 
tlie metropolis have taken to use road sweepings in lieu of sand, and this even without 
having washed it to free it from those impurities not only detrimental to its making good 
mortar, Uut also to the building itself, as it may be the cause of introducing the dry rot. 
Lately we have noticed a case in tiie professional journals where the lime, such as it was, 
was ** mixed with a large proportion of garden mould and mud. the bricks being of an in- 
ferior quality and insufficient strength.” We have already noticed the use of road dirt (par. 
183dt.) In another case **the composition with which the portions of bricl^s were held 
together consisted of soap lees with a few small limestones and dirt.** Hie interests of tliC 
poorer classes should be better protected. 

1852c. sand for cement was introduced about 184.3. It was sold in coarse or \ 

line powderaTrequiriS* to be mix«^d up with blue lias lime fbr joining bricks and stone. 1 
lor concretes, for face work, or for pioulded work, . 1 measure of the sand. 1 of lime, and 6 j 
of gtovel were the prqpo^ions used in the foundatlon^f the new Houses of Parliament, and I 
ftt the great tunnels of ^e Birmingham railway, also been need for malt-house ^ 
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itccping trt>iig)>s, and doors; for the latter purpote it ean be polished. For exterior 
lacingSt asstucoO. it was used at 57 Coleman Street; and at the Alfred Insurance Office, 
Lothbury : the latter building has latelj(1866) been pulled down. The marine turret at 
Herne Bay was also coated with it. 

. 1853. Water, Dr. Higgins recommends the use o f lime-wate r for the composition of 
/mortar. This, in practice, would be impossible The water used, however, for the incor- 
Jporation of the lime with the sand should be soft and pure. Mortar and concrete have 
(both been recommended to be made up with hot water; with the laiter especially, when 
It is desirable that it should si t immediately : concrete thus made has been found exceed- 
ingly bard. Its employment with mortar dates fiom before 1520. It is probable that 
water charged with iron, as at Tunbridge Wells ; asolutiun of chalk, as in Hertfordshire; 
julphuretted hydrogen, as at Harrowgate; and salts, as at Epsom and elsewhere; may all 
I affect liine when combined with it. Smeaton stated that he could not discover any 
\difference in the strength of mortar, whether it were made with sen, or with fresh, water. 

1854. In forming Mortak from lime, it must, when slaked, be passed through a sieve 
leaving only a 6ne powder, an operation usually performed with a quarter inch wire screen 
■et at a considerable inclination to the horizon, against which the lime is thrown with a 
sliovel after slaking. That wliich passes through is fit for use ; the core falling on that side 
of the screen against which the lime is thrown, being entirely rejected for the purpose in 
question, though it is an excellent material for filling in the sides of foundations under wood 
floors where th«^’ would otherwise be next the earth, and the like. The sifted or screened 
lime is next to be added to the sand, whose quantity will vary as the quality of the lime, 
of which shall presently speak. In making mortar, there is no point so important, as 
respc<ftx lira manufacture itself, as the well tempering and beating up the lime with the 
sa.id afiter the water is added to them. In proportion, too, as this is effectually done, will 
a small proportion of lime suffice to make a good mortar. The best mode of tempering 
mortar is by means of a pug-rnill with a horse-track similar to the clay mills used for 
making bricks. But if sucli cannot be had, the mortar should be turned over repeatedly, 
and beaten with wooden beaters, until it be thoroughly mixed. That this process should 
be carefully performed, will appear of the more importance when it is considered that it 
thereby admits a greater proportion of sand, which is not only a cheaper material, but the 
presence of it renders a less quantity of water necessary, and the mortar will consequently 
set sooner: the work, too, will settle less; for as lime will shrink in drying, while the 
sand mixed with it continues to occupy the same bulk, it follows that the thickness of the 
mortar beAli will be less variable. 

1855. Vitruvius recommends that mortar should be beaten wiih wooden staves by a 
number of men before being used. Smeaton reckoned it a fair day’s work for a iabouier 
to mix and beat up two or three hods of mortar for use. The pug-mill does this now iu 
two or three minutes. Pliny expressly states that ** in ancient specifications for buildings 
it was provided that no slaked lime less than three years old should be used by the con- 
tractor.” Covent Garden Theatre was built in 1808-9 with lime while still hot from 
the kiln : when the walls were demolished a few years since, the mortar was found to 
be hard and solid. It was so used at Tothill Fields prison. At the new Royal Exchange, 
the lime was to l)e thoroughly and freshly burnt, to be kept in an enclosed shed, and no 
more mortar to be made than was sufficient for each day’s consumption. 

1856. In most of the public works executed in Great Britain of late years, the propor- 
tion of lime to sand is as 1 to 3 ; and when the former is made from good limestone, the 
•and is by no means too much in proportion. Dr. Higgins, in his experiments, has gone 
to far as to recommend 7 parts of sand to 1 of lime, which, for mortar, is perhaps carrying 
the point to the extreme. It may be taken as an axiom, that no more lime is necessary 
than will surround the particles of sand. C. H. Smith has stated, (BuUdery 1865, p. 41), 
that if each particle of sand be covered with lime al>out the thickness of an ordinary coat 
of paint, he should be disposed to consider such an amount as very near the fierfection of 
quantity. A superabundance of lime or sand, no matter how good it may be, is, under 
any circumstances, objectionable. 

1857. Various opinions have long l>een entertained by chemists and others respecting 
the effect of sand and lime upon each other in the formation of mortar. The fl^eral im- 
pression is. that the slaked lime and sand in contact have a chemical affinity fur each 
other ; that the lime decomposes the surface of the sand, and the atoms or molecules inter- 
penetrate each other, forming a sort of silicate of lime. This is an extremely ingenious 
theory, says C. H. Smith, but it has never been proved. It has been stated, he also 
adds, that the hardening of mortar arises flom the presence of carbon and oxygen formed 
into carbonic acid, which is absorbed by the lime; b|jt the source from whence the 
dll|bon is obtained is at present a mystery. Oxygen is abundant in the composition 

water and atmosphere, and that quicklime has an astoni^ing aflSnity for it, is evinced by 
tba practice of dusting steel ^ods with it wbes. not in use, to prevent their rusting ; or that 
of placii^ a s m a ll lump of it in anv box or case containing such gooib. Bricklayers 
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tmMr tb^ troweU wltl) the mortar before leaving' off work ; and in the ParentaUa, it it 
noticed tlmt ^*in taking out crampA from stonework at least dOOjrears (dd, which were so 
bedded in mortar that all air was perfectly ezcluded» the iron appeared as fresh as from 
the forge.” 

1858. Various additions are made to iiioriar, in order to increase its hardness and 
tenacity ; such as coal and wood ashes, forge scales, roasted iron ore, piissuolana, and the 
like. The property of hardening under water or when excluded from the air, conferred 
upon a paste of lime, is effected hy the presence of certain foreign substances, as silicon, 
alumina, iron, &c., when ^eur aggregate presence amounts to one tenth of the whole. Arti- 
Hcial hydraulic limes do not attain, even under &vourable circumstances, the same degree 
of hardness and power of resistance to compression as the natural limes of the sanai fdass. 

1858a. As Uumell, in Limes, Cements, ^c.,‘ 1857, p. 71, says—** It is often a matter of 
importance to know the power of resistance of mortars; but as they differ within a very 
large range, it is not easy to state it very precisely. The best experiments, however, ^ow 
that we may safely calculate upon a resistance of 14 lbs. per inch superBcial for its cohe* 
sive force; of 43 lbs. to a crushing force; and of 5j lbs. to a force tending to make tiie 
particles slide upon one another. It w'ould not he safe to expose new works to greater 
efforts than those which could be included within the above limits.” In the construction 
of a wall, whether of brick or rough stone, it should be clearly understood tiiat there is an 
important distinction between meie drying and the ultimate process of induration. The 
mortar may become sufficiently set, dry, and solid, in a few days or weeks, to enable the 
wall to bear a very considerable weight and pressure ; but it does not acquire the maximum 
degree of hardness till after the lapse of many years and even of centuries. AU cements 
and limes tend to reassume a state of carbonization similar to that in which they f xUted in 
the stones from whence they were extracted; they only do so to a very imperfect degree. 
The saying that lime at a hundred years is but a child, is perfectly true. Cements on the 
contrary harden very rajiidly, but we have no instances of their acquiring the strength of 
the original stone. 

1859. The cendre de Tournay is used in the Low Countries, lliis is an article procured 
from the lime-kilns bordering the Scheldt. The lime of this district contains a considerable 
portion of clay mixed with iron ; and the pit-coal with which it is burnt contains a large 
quantity of an argillaceous schist, impregnated with iron. After the lime is taken cut of 
the kilns, there remains the cendre, about one fourth of which consists of burnt lime-dust, 
and three fourths of coal-ashes. This material is sprinkled with water to slake the lime, 
and well mixed together, and put into a proper vessel and covered over with wet earth. 
In this state it is kept for a considerable time; and when taken out, and strongly beaten 
up for half an hour with an iron pestle in a wooden mortar or trough, it is reduced to a 
soft pasty consistence ; it is then spread out for several days in a shady place, and the opera- 
tion of beating repeated: the oftener this is done the better, except it should become 
unmanageable from being too much dried. In a few minutes, this cement, when applied 
to brick or stone, adheres so firmly that water may be immediately poured over it ; and if 
kept dry twenty-four hours, it afterwards receives no ii^jury even from the most violent 
action of a flowing stream. 

1859a. In Loudon, a mortar made of lime with sea-coal ashes from a smith's forge 
mixed with the iron scales, and called l/iue mortar, is used for covering parts of buildings 
much exposed to the weather; and if prepared with similar labour and attention, it 
might, in a great degree, possess the voluble properties of the mortar of the Scheldt, just 
mentioned. 

18596. Common as/ies mortar is made by mixing two bushels of newly slaked lime and 
three bushels of wood ashes, which, when cold, must be well beaten, in whicli state it if 
usually kept for a considerable time, and indeed it improves by keeping if beaten two or 
three times previous to using it. This mixture is superior to terras mortar in resisting 
. the alternate effects of dryness -and moisture, but not comparable with it under water. 

1859c. JffrieA and ti/e and bnrnt clay ballast, each well burnt and ground to a powder, 
eomhined with rich lime, possesses hydraulic energy. Pulverised Milica burned with Hch 
lime produces hydraulic lime of excellent quality. In some experiments made by MM. 
Cbatonoy and Rivot, this lime hardened under water in from three to four dajrs, and 
acquired in twenty-two months a hardness superior to Portland cement The weight of 
the powdered lime never exceeded four times, and was never less than one half that of the 
powdtTed silica. Brick-dust mortar used to be considered in some cases better than 
mortar made of terras, for unless the terras was always wet it was not thought l>etter than 
common mortar made of lime and sand ; 3 bushels of hot lime, Le., fresh slaked lime, added 
to I bushel of brick-dust made from red stock bricks, was to be well beaten and worked up 
before using, with but little water: the longer it was beaten the better it became. Jibe 
dry brick rubbish t^oid walling broken down and si/ied, was considered better than i^d, 
as IcM mnd is required, and it might be safely used in frosty weather. A tract on 6ld 
Charing Cros% menfioiis that U was **ao cemenied with mortar made of purest lima, 
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ca12Ib sand) 'wlnte of eggK« nnd the strongest wort, that it defied all hammers and hatchetl 
whatsoever.** 'Flic mortar used in bishop Gimdulph*s works at Mailing and Rochester is 
idescribed by B. Ferrey as consisting of a sort of tuta found only in tlie cliffs at Dover, 
which appears to have been exclusively used in his work**, 
f 1859rf. SLia is applied to the vitrified earths left in furnaces, either for glass or iron. 
Georim aretHc lighter, more porous, and less vitrified earths arising from the puddling and 
mliriing of iron. The cind^ used are the earthy residues derived from the combustion of 
coal. When ground info powder, the two former, which contain a large proportion of 
the mineral oxides, make very good mortars i^' mixed with middling or perfectly hydraulic 
jimes. Cinders appear to render the rich limes moderately hydraulic when properly 
mixed.^ They require a large quantity of water to render perfect the crystallization of the 
hydrate of lime. All these mortars may be usefully employed for works out of water. 

1859e. The stones whereof the Dutch terras is made are found in tlie neighbourhood of 
Liege, and also, we believe, at Andemach on the Rhine, from tlie size of a pea to tliat of a 
middle-sized turnip. From their being brought down the rivers to Holland the cement 
has been called Dutch ; the only operation they undergo in that country is the reduction 
of them to a coarse powder by means of mills, 'i hey are beaten by iron-headed stampers 
on an iron bed till they will pass through a sieve whose wires are about one eighth of an 
inch apart. This cement is sent from Holland in casks. Traan, terras, or tarras, is a blue- 
black trap. It is obtained from pits of extinct volcanoes, and has nearly all the distin- 
guishing elements of puzzuolana, resembling it in composition, and in the requirements of 
its manipulation, having to be ))ulverised and added to rich lime to develope its hydraulic 
properties. 

( 1859^ 'Fhe Puzzuohma, ox terra Ptdeolanaof the Italians, which, as well as the last-named 
cement, has b#»en almost if not quite superseded by the introduction of the Roman cement, 
is brought from Civita Vecchia. Its name is however derived from Puzzuoli, wliere it is 
principally fonnd, though produced in other parts of Italy, in the neighbourhood of extinct 
^ volcanoes. It suddenly hardens when mixed with one third of its weight of lime and 
water, forming a cement more durable under water tlian any other. Bergman found 100 
parts of it to contain 55 to 60 parts of siliceous earth, 20 of argillaceous, 5 or 6 of calca- 
reous, and from 15 to 20 of iron ; this last constituent is considered to be the cause of its 
' property of hardening under water. The iron decomposes tl>e water of the mortar, and 
thus in a very short time a new compound is formed. According to Vitruvius, when used 
for buildings in the water, 2 parts qCiu^uolana were mixed with 1 of mortar. Artificial 
puzzuolana may be made by slight^Hllning clay, and driving off the water of combina- 
tion at a temperature of 1,200°. 

lS59g. Subsequently to the use of this material from Puzzuoli, a similar material has 
been found near Edinburgh ; and in the Vivarais, a site of extinct volcanic action in the 
centre of France. Its as[)ect and colour, however, vary very ncuch even in the same 
locality. Bertliier gives tlie following analysis of two of these materials:—. 
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1859A. In the use of blue liaA lime for mortar, workmen ignorant of its qualities inva- 
riably spoil it. In important works the lime should be supplied in an unground state, to 
prevent the core being mingled with the good lime. In taking, the lumps should be 
I broken into pieces of about the size of a nutmeg; then immersed upon a sieve in water, 

I and kept tlierein until air bubbles freely rise to the surface : the lime so wetted is to be 
jleft in a heap, and covered with damp sand, for twenty -four hours. At the expiration of 
Ithat time it should be screened and mixed with sand and the least possible quantity ot* 
meXuT, When slaked, it does not sensibly increase in bulk, unlike the ordinary chalk or 
I stone lime of the neighbourhood of London. The best des^ptions of blue lias lime will 
loot bear more than 1^ parts of sand to 1 of lime. Wood, of Bath, in his work on 
.1788, has stated that ** blue lias lime mixed with coal ashes in the manner prescribed by 
M. Loriot, will make the hardest cement 1 ever saw, as 1 iiava found by various experi- 
it will b^ water, resist frost, harden in a few hours in water, and will bear a very 
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irood polish. Coach or carriage ^ys are laid nr pitched with blue liaa, which wears vcrj 
well, though it will not liear the frost." 

1859e. A very usefVil executing sea- wallings consists of 1 part of \ 

chalk lime, or of Halkin litne, with one part of puzzuolana from Civita Vecehia, and 1 | 1 
]iarts of sand ; but the value of this mixture depends upon the influence exercised by the 1 
puzxuolana on the setting of the lime. A mixture of the natural calcareous cements, or of ^ 
Portland cement with sand, is another good mortar. The presence of sulpliate of lime in 
any composition intended to resist the action of sea water would be fatal, as it crystallises 
at a different rate of rapidity, and it is more easily soluble than the carbonate of lime. 
French authorities lay particular stress on the following qualities fur the formation of good 
liydrnulic mortar : 1. It is essential that the materials should be perfectly pulverised before 
mixing, so that the combination may be ns perfect as possible. 11. Sufficient free lime 
must be present to allow tiie carlionic acid in the water to combine with it, and form a 
protective coating of carbonate. III. Long soaking of the m tterials is advisable, in order 
that the chemical combinations necessary fur the ultimate stability of the mortar may take 
jilnce before it is actually used. 

1859*. Mr. Smeaton discovered, by a course of experiments, that the scales (grey oxide 
of iron) that fly off under the forge hammer from red hot iron, pulverised, sifted, and mixed 
with lime, form an admirable cement, equal to puzzuolana. He found, in pursuing his 
experiments, that roasted iron ore produced an effective water cement, by using a greater 
proportion of it than either terras or puzzuolana. Equal quantities of iron scales and 
argillaceous lime, with half the quantity of each of these of sand, produced a cement in 
every respect equal to terras mortar. If pure carbonate of lime be used, equal parts of 
eacli of the ingredients ought to be incorporated. We do not think it necessary here to 
give any account either of Loriot’s cement, or that proposed by Semple ; neither are lobe 
depended on : indeed the first, as a water cement, is of inferior utility, and very little better 
tiian common mortar dried before the admis-sion of water upon it. 

1860. Grontf or mortatt is nothing more than common mortar mixed with a sufli-! 
cient quantity of water to make it fluid enough to penetrate the interstices and irregulari-l 
ties of the interior of brick walls, which common mortar will not reach. The mortar ' 
whereof it is made will bear 4 of sand to 1 of lime, but it should be thoroughly beaten. Iti 
may be kept a little longer, whereby its quick setting will be facilitated. 

1861. CojtC RETE is a compound of liallast, or stone chippings, and lime mixed together. 1 
1 1 is so catleilTrom the speedy concretion that takes place between these particles. If, Vi 
however, galUU or small stone chippings are used, sand in a large pro}»ortion to the lime \ 
must be used. The use of concrete was well known at an early period ; it is mentioned 
by De Lorme in bis work published in 1568; and it is by no means, therefore, a discovery 
of modern days. Wherever the soil is soft, and unequal for the reception of the founda- 
tions of a building, the introduction of concrete under them is an almost infallible remedy 
against settlement. The Thames ballast, commonly used for concrete, is a mixture of sand 
and small stones. With this, and lime in the proportion of never less than 4 to 1, and 
never properly exceeding 9 to 1, of stone lime, or such as is known to set hard in water, a 
mixture is made. The lime is generally used in powder, and the whole being shovelled 
together, it is wheeled in barrows to a stage over the spot where it is to be used, and let 
fall into the trench dug out for the reception of the foundation. The greater the heiglit 
the concrete is made to fall, the sounder and stronger it becomes. It must always be re- 
collected that no more lime is necessary than with the thinnest coat to surround the parti- 
cles of the ballast, and that therefore the size of the pebbles or stones should influence the 
quantity of the lime. As the ground is more or less to be trusted, the thickness of the 
concrete must be regulated ; when used on the best ground, a foot in thickness will be 
sufficient ; while on the worst, as many as four feet or more may be reouired. The upper 
surface being levelled, it is usual to lay on it a tier of Yorkdiire stone landings, for the re- 
ception of the brick-work or mason’s work ; in some cases, after carrying the wall a certain 
height, a second tier of landings has been introduced. When the soil is watery, no water 
should be put to the concrete, but the ballast and lime merely mixed and tumbled in. The 
usual practice of makin|[ concrete as above stated, is objected to by many practitioners* 
who recommend that the French method of making bStom should be followed in lieu of it. . 

1862. In forming concrete, the stones or pebbles used should never exceed the siae of a A 
ben*s egg, of which 2 parts may be combined with 1 part of the smaller substances j 
used I this makes it alx>ut equal to Thames ballast. It has been calculated, that as the ' 
lime absorbs the water, and with the sand Alls up the interstices of the larger material, if the \ 
proportion of the lime be about one eighth of the ballast, then 3} cubic feet of ground lime, 
and 30 cubic feet of ballast, with a sumcient quantity of water to vflivot the ad^xture (and 1 
this is generally rather leas than a gallon to a cubic foot of ballast, or than equal measures of ) 
water and lime), wUl he required to make 27 cubic feet of ooncretsi that is, there is a loss / 
of bulk equal to ali the Ibne, and of about 10 per cent of th« bidlast. But some experi- ^ 
mtiitt maw in 16d7-^» in whi^ the present e^tor assisted, dK>we4 thnt the san>t nPMitM 
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which gave a cubic 3 ^ard of ballast, held precisely tlie same ballast with the addition of 
one-«izth in bulk of ground stone lime made with it into concrete, besides about fourteen 
pails of water ; and likewise tended to disprove the assertion that concrete swells in 
netting. This cubic yard of concrete weighed 27 cwt. In estimating, allowance must be 
made for the loss of material. 

1862a. Expansion taking place in concrete made of unground lime, during its slaking, 
has been taken advantage of by G-. L. Taylor in the underpinning of some walls at 
Chatham, as detailed in the Tmneaotions of the Institute of British Architects, 1836. 

( This expansion has been found to average about | of an inch for each foot in height, and 
the size thus gained the c mcrete never loses. Care must be taken when using it for floors 
and for the spandrel of arches, to allow sufficient spivce, and to lay it in such a way that 
this increase may take place without thrusting out the walls, as has occasionally happened. 
In old malthouses in the West of England, with concrete floors 6 to 6 inches thick, 
stone walls 2 feet 6 inches to 3 feet thick have bulged out 3 or 4 inches on each side by 
the expansi* n of the concrete, as also noticed in the Transactions of the above named 
i society, 1854, p. 74. When ground lime is used the assertion that concrete swells is very 
( quesrionable, as seated in the previous paragraph. The Metropolitan Board of Works, 
under the Met. Man. and Building Acts Amend. Act, 1878, sw. 16, requires the cement 
** to be Portland cement, or other cement of equ d quality, mixed with clean sharp sand 
or grit in the proportions of one of cement to four of sand or grit.” Concrete for walls 
to be “ of Portland cement and of clean Thames or pit ballast, or gravel, or broken 
brick or stone, or furnace clinkers, with clean sand in the following proportions : viz., 
1 of Portland cement, 2 of clean sand, and 3 of the coarse material, which is to be 
broken up sufficiently small to pass through a 2-inch ring. The proportions of the 
materials to be strictly observed, and to be ascertained by careful admeasurement ; and 
the mixing, either by machine or hand, to be most carefully done with clean water, and 
if mixed % hand, the material to be turned over dry before the water is added.’* 

18626. For water works required to set rapidly, an excellent concrete may be made by 
fn mixture, the proportions of which were found by Treussart as follows:— 30 parts of 
/ hydraulic lime, very energetic, measured in bulk, and before being slaked ; 30 parts of 
/ terras of Andemach ; 30 parts of sand ; 20 parts of gravel ; and 40 parts of broken 
\ stone, a hard limestone. These proportions diminish one-fifth in volume after manipula- 
[ tion ; the mortar is made first. When the Italian pnzzuolana is used, the proportions 
1 should be 33 parts of lime as before; 45 parts of puzzuolana ; 22 parts of sand ; and 
’y60 parts of broken stone and gravel. The first of these concretes should be employed 
/ immediately it is made ; the second requires to be exposed about twelve hours before it 
y\t is put in place. When burnt clay or pounded bricks are used, 30 parts will suffice, but 
I this mortar must not be used in sea water. If only rich, instead of hydraulic, limes be 
[used, the quantity of the natural or artificial puzzuolanas must be increased, and that of 
\the stonos and gravel be decreased. (Burnell, Limes, ^c.) See par. 1864c. 

^ 1862c. After many experiments, M. Kuhlmann recommends a cement composed of 30 
I parts of rich lime, 60 of sand, 16 of uncalcined clay, and 6 of powdered silicate of potash, 

( as having all the requisite hydraulic properties, especially for cisterns intended for spring 
Water. In marine constructions care should be taken to add an excess of silicate to those 
( portions of cement which are exposed to the immediate contact of the sea. 

1862<f. The object to be aimed at in making hydraulic concrete, is to give such a suffi- 
ciency of mortar as will produce the aggregation of the whole mass of rough rubblb 
materials. In Portland cement concrete, for instance, the proportions for the mortar may 
be 1 of cement to 3 of sand, and this mortar may then be mixed with 6 parts of ballaitt 


thoroughly ineorporatcd with the ballast or shingle. ^ This concrete as used at the recent 
extension of the London Bot^s by Mr, lUnd^l, consisted of 1 part of blue Iks lime with 
6 parts of gravel and sand. The proportions for the blocks of tbe mole at Marseilles 
were 8 parts of Thell lime to 6 parts oi sand mixed up into mortar, and then added to 
2 parts of broken stone. At the Metropolitim Main X^ainage works, the proportion 6i 
1 of Portland cement to 64 of ballast for sewers, and 1 Of cement to 8 of ballast and 
sand for backing waHs and other works except sewers. The usual proportions are 1 to 6. 
ijA repo^ was ddivered to the Aberdeen Harbour Board on the damage caused by tl^e 
chcimccd action of the wa^water •on the (Portland ?) concrete entrance works of the 
^grapngdock. The surface had softened ftom the foundation up to the bottom of the 
jiM&W ’three feet above low water. The concrete behind four courses of the 

juMaT), l^weso high imd. low water, was also softened, lo'iscning the bond. The soften^ 
imdif : W been removed, and the face of the wall rebuilt up to 

in bags plsstered with Eoman cement. 'TAe 
at low wgter to 6 Jbs. on thewquato hich of surfa^. 
. w . nf tfomuirh ths Doroua 
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structure of concrete of theoretical velocity from 1500 to 2250 feet per minute, which 
continually washed the decomposed cement into the dock, end brought new particles of 
concrete and sea-water into contact. {Britiah Architect, July 29, 1887; and Architect, 
March 9, 1888, p. 16 of Supplement.) 

1862c. Bjton^ or concrete, as made in Franco, is invariably composed as follows:— 
I. The mixture of lime and sand, either by hand or by a png-mill, as for ordinary mortar. \ 
Great importance is attached to the choice of the iime and to the mode of slaking it; and 
if a sufficiently good one cannot be obtained, artificial puzzuolanas are introducod. The j 
mode of slaking \e prescribed in the specification according to the nature of the lime, 
instead of being left to the choice of the workmen. II. The mortar so prepawd. is then | 
well mixed by rakes with broken stones or ballast in such proportions as shall insure its j 
filling up the intervals between them; the volume having been ascertained by immersing ! 
the stones in a known quantity of water. These spaces are equal to about 0*88 to 0*46 | 
of the cubical contents of the vessel ; but in practice, about one fourth more’mortar is ' 
added than necessary to ensure solidification of the mass, especially when the baton is 
intended to resist water pressure. 111. The material is then wheeled to its situation, and 1 
rammed down carefully until the mortar begins to work up to the surface. 

186*^/*. In an English patent, 1859, No. 2767, M. Coignet, of Paris, argues that the 
tenacity of mortar is not produced, as hitherto supposed, by the formation of silicarta of 
lime and alumina, but by the crystallisation of lime. His concrete, called B^ton 
Agghmtrh, consists of about 180 parts of sand, 44 of lime produced by slaking, 33 of 
Portland cement, and 20 of water, combined by a process of two main operations : I. A 
complete consolidation of the materials with little water ; and IL, the steady but not 
violent compression of the consolidation in moulds. The cement is mixed with the sand 
and lime, and sprinkled whilst mixing with a little water. This mixture is thrown into a 
machine, formed like an endless screw enclosed in a cylinder, at the rate of two ‘shovelfuls 
followed by about a quart of water, until the cylinder is full. The screw, turned by two 
men, delivers the mixture through a series of holes in the bottom of the cylinder ; but on 
a large scale, n machine is used of 10 to 15 horse-power. This mixture, after its delivery 
from the machine, is put by degrees into moulds, and each layer is rammed in by work- 
men. He found by experience that the purer the lime the quicker was t he crystallisation ; 
and that, although pure hydrate of lime will take • carbonic acid, siliesate of lime and 
alumina will not take it, because silicic acid took the place which carbonic acid did with 
the pure lime ; and frankly admitted that his first experiments in 1855, in marine works, 
had not entirely succeeded, but claimed perfect success for those at Marseilles since 1859, 
and for those executing (1864) in Paris and elsewhere. 

1862^. The resistance of heton and concrete should never be regarded as being superior 
to those given for limes, if the superstructure be commenced upon them immediately. In 
both cases the resists nces are found to increase with comparative rapidity during the first 
six or seven months. 


CKMKXT. 

1863. Amoi^ those cements used in England, F(^ker]s, also called Roman and Shep^ 
cement, was discovered in 1796 by Mr. James Parker, of Northfleet. It was manume- 
tured principally from stone found in the Isle of Sheppey, and at Harwich, being 
septaria from the London clay, and properly classed among the limestones indigenous to 
this country. It consists of ovate or fiattish manses of argillaceous limestone, arranged 
in nearly horizontal layers, chiefly imbedded in the clay of the cliflRi. It was found at 
first on the beach, but as it became scarcer it was sought for by dredging out at sea. 
The substance, being coated with a calcareous spar or sulphate of barytes, forms the basis 
of the cement. Abcut 1810-15 it was found pof>sible to use this material in the depth 
of winter, but with inferior manufacture this is impossible. In 1840 it was stated that 
** the genuine Sheppey cement is now almost only a name,’* arising from the nodules first 
found having nearly disappeared in consequence of the great consumption of the cement. 

If this cement bo of extremely good quality, 2 parts of sand to 1 ot the cement may bej 
osod. The cement itself is a fine impalpable powder ; yet when wetted it becomes ooarse^N 
and, unless mixed with gp*eat care, it will not take a good suf&ce. When mbeed with j 
the sand and water, it sets very rapidly ; it is necessaipr, therefore, to avoid mixing much y 
at a time, or a portion will be lost. The colour of this cement, vrhen finished, is an nn- j 
pleasant dark brown, hence it has received the^ name of ** bla^ Tfaesnrface( 

requires frequent etJouring for appearance. It is imperviousTd water almost the moment i 
it is used ; hence it becomes highly serviceable on the backs of arches under streets, Ibr | 
the lining of cisterns, and for carrying up in it, or coating with it, damp walls on ba8ev( 
ment stories. It will not resist flpd so well ; and it should therefore never be employed^ 
for setting grates, ovens, coppers, or furnaces. This, with many oth^hydraulio cements,/ 

1834, A ^msdtVe^f gtit a good material, preleraMe lest named, bn^.t 

Si ITS thinkTInl&^oital^ity. It takes s gpeh longer Parker’s cefosn%l 
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than which it absorbs more moisture. It answers well enough in dry situatiotis. Vicat 
formed a factitious Roman cement ; but its efficacy was doubtful, though it had, for Ifrant 
0' a bettor substitute, been much employed at Paris. 

^ 1804a. Por^and cemen t, the latest (about 1843) of all these cements, is made from 

limestone and clay. The mud of the rirer Medway, corresponding to the argillo- 
calcareous stone of Roman cement, is mixed with chalk and ashes from former makings, 
and calcined at a heat amounting almost to that of vitrification. A larger quantity of 
sand may be mixed with it than with Roman cement, to which it is superior in colour 
and hardness of setting. The heaviest, considered the best in quality, weighs 110 lbs. 
to 112 lbs. per striked bushel. 

18646. The distinguishing peculiarities which should render Portland cement a perma- 
ment substitute for Roman cement have been explained by a London manufacturer of both 
materials (Builder^ 1863, p. 761). It may be condensed into the statement; — That tJie stone 
from which Roman cement is made, though composedipf lime and the silicate of alumina, 
yet the proportion of the latter preponderates to such an extent as to prevent afterfect 
amalgamation of the ingredients in burning. The result is a cement loose in its texture, 
because containing inert foreign matter, which is retentive of moisture, and consequently 
attackable by frost and vegetable growth. In Portland cement the case is otherwise. The 
dose of lime to clay is in the ascertained correct proportion of two to one, and with this 
condition there is the power thoroughly to combine the ingredients by burning, and thus 
to giv^si density and compactness to the which, in enabling it to resist water, frost, 

and other decomposing agencies, Ste the of its durability and of its superiority 

to the Ifktural cements. Carelessness, or proper knowledge in its manufacture ; au 

improper mixture of the ingredients ; an imperfect calcination ; its bad manipulation ; and 
unfair handling when used as a cementf are all likely to result in disastrous effects on being 
used. When employed as a mortar or as a concrete, it bus seldom been known to fail. 

1864<?. It is usual for the manufacturer to grind the cement after burning it. It is 
then placed in woll-closod casks, which should not exceed 6 cwt. each, when the cement 
may be preserved for some time ; but by contact with the atmosphere it is said to absorb 
humidity and carbonic acid, and thus becomes deteriorated. It should be ground very 
fine. For the sieve in sifting it, the French engineers required 186 meshes to the square 
of 4 inches on a side. One-third of the volume of the cement for the quantity of water 
is the best proportion, and tbe more that the cement is beaten up, the harder it becomes. 
'The best cement will harden in about five or six miH|jtes, and under water in about an 
hour; when mixed with sand it takes ailittle longer.^When mixed with sea-water, and 
used in sea-water with a large quantity of sand, it^SPay take even twenty-four hours 
before setting. (See pars. 18626, c, and d,) 

■/ 1864(f. The resistance to rupture of pure cement after 20 days’ exposure to the air is 
/about 64 lbs. per inch square ; if sand be added in the proportion of J to 1 of cement, it 
falls to 37 lbs. ; and if it be in equal proportions, it falls to 27 lbs. Tlio permanent load in 
any large works should never be more than one-sixth of that required to produce rupture : 
and if small materials be employed, only one-fifteenth should be calculated upon. 

1864c. In testing Portland cement, the Admiralty, at the Chatham Dockyard extension 
works, specified that samples would be taken from about one sack in ten, and gauged in 
moulds, which, when set, would be placed in water and tested at the end of seven clear 
days. Each must bear without breaking a weight of 660 lbs. upon tlie test-block of inches 
square in section. In 1878 the Metropolitan Board of Works required the cement to be 
of the best quality, ground so fine that it will pass through a sieve og fifty meshes to the 
lineal inch. It must have a specific gravity of not less than 3’ I, aiHl^eigh as delivered 
114 lbs. or more to the imperial striked bushel. When brought upon tbe works it is to 
be put into dry sheds or buildings, which the <»ntract^>r is to provide for the purpose, 
having wooden floors and all necessary subdivisions. The cement is to be emptied out 
upon this floor, eveiy fifty bu*>hel« being kept separate, and is not to be used until it has, 
been tested by samples ^en out of every tenth sack. The samples to be gauged neat 
in moulds, put into water 24 hours after the briquettes bare bqfa made, and remain till 
tested, to bear without breaking n weight of 400 lbs. per Muare inch 7 days, and 600 lbs. 
28 days after they have been made. The first to be consiaered as preliminary, and the 
second as decisive. Mr. John 0rant*s, C.E., specification is of a more extended character, 
an4 Includes the quality of sand. The briquettes with three of sand to bear a weight of 
160 lbs. per square inch after 28 days. 

186^. With cement at 112 lbs. per bushel, a cubic foot weighs 87*13 lbs., a cubic yard 
2,362*6 lbs., and a ton occupies a space of 26*7 cubic feet. 

186^. With this cement» the ordinary proportions for walls may be 1 to 12 of gravel for 
Common, and 1 to 6 of slag and saud for Mcing, concrete, A cubic yard of concrete takes 
i^bout li yard, or 31^ cubic feet, of loose gravel, exclusive of the cement, as made in a 
gauge or m6asuring*-b^. One-twelfth of 31|^ cubic feet, or a little more than 2| feet eube, 
goes to each gauge, and is easily calculated and inrepared ; or 218 lbs. by w^gHt, if the 
qement weighs 112 lbs. per bushel. For making good solid eoperete, there should W 
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fliifficieut sand to fill up the interstices between the stones ; one-third of* tbe entire bulk, 
or one-half of the shingle, is required for the sand — a point not so ofteniat tended to as 
it should be. Plenty of water is advocated for the mixing; and for maldng a good fact 
against a wood shutter it is essential that the concrete should be wet. 

1 864A. Concrete constructions are described under Bkicklatino. ‘ 

1864i. Strength of mntkls of various compositions, each 6 inches deep, ini^f^ 
wide, and 3 feet 6 inches long, 28 days after manufacture ; 3 feet clear space, and loaded, 
gradually in the middle (see par. 1903 j:) ; — 

Brown Portland stone broke with 1905 lbs. 

White ditto ,, 1420 „ 

Burnt clay ballast concrete - - - - - „ 1413,, 

Coke breeze - - - - - - - - „ 1119,, 

Pitt gravel ballast - -- -- -- „ 1016 „ 

These three were composed of 1 of cement, 4 of core, 1 piece of hoop iron 1 J inches by 
thick in middle. 

Box ground Bath stone broke with 476 lbs. 

Corsham Down ditto - - . - - . _ 357 

186^’. A natural cement deposit, of very Urge extent, has been worked at Barrington, 
Cambridgeshire, where it is found from 13 feet to 21 feet in thickness, immediately under 
the surface. It is considered as giving the matericd.for the best quality of cement and 
lime, and it can be manufactured at about half the cost of the usual system (1887). 

1865. H aviclins mastic cement, though patented of late years, is an invention of P. f 
Loriot, a coiitnry old; the mediumformixingthepoundedbrick-dust, limestone, and sand, 
is oil instead of water. It is much morediflScult to use than the other cements, and re- j 
quires great experience and care. A coat of it should never exceed one quarter of an inch j 
in thickness ; lienee it is totally unfit for working mouldings in the solid. In the metro-/ 
polis it is generally used in a very thin coat over a rough coat of Romaic cement, in which 
case it is rarely more than an eighth of an inch thick. Thus used, it presents a 
beautiful surface, is durable, but it requires to be painted as otten im do the other 
cements. 

1866. Keene's c etnent is obtained by soaking plaster in alum water aflor a first calci-t 
nation ; itTs*iEHen kiln-burnt a second time and ground. It is in reality only a plaster, a 
and is capable of being worked to a very hard and beautiful surface. Marlin's patent/ 
fireproof and ornamental cement is a plaster of Somewhat similar make, ancl equally good - ! 
looking. It is manufactured in thre« qualities, coarse, fine, anfl superfine. It is said to 
be used with greater facility by workmen than any other cement yet produced, requiring 
only about an hour to set, which is less by one-half the time of other cements. It appears 
to be chiefly prepared at Derby. Parian cement f Keatings patent) is also composed of 
gypsum, but mixed with borax (borate of soda) in powder, and the mixture calcined and 
ground. A fine quality produces a hard scagliola imitation of marble. When applied 
to old brick or plastered work, as in repairs, these cements may be papered or painted 
upon in about 18 or 24 hours after execution. But on new work time must be given for 
any effiorescecce, or damp, to disengage itself 

1866a. John's ^XLUiit~^ieimanent.£tUScg_ wq§^ siuc£iLS'e^ne^j^ avd_ stup^o ' 

introduced about 1843. As a paint it is cheap, durable, ligreeable^n colour, and finishes I 
without a gloss. It gives out no deleterious exhalations or odour in drying, and it is 
stated that as the oil cannot evaporate (?), but is held in intimate and indissoluble union 
with the other materials, there can be no decay, an objection to which oil mastic is so 
liable. It requires no driers or turpentine, and is applioible both for outside and inside 
work. The cement, which is stated not to deteriorate with age, is packed in casks, and 
requires to be mixed with 3 parts of good, sharp, clean sand to make a stucco, its appli- 
cation for which is the same as for any other stucco. It adheres well to glass, iron, slate 
and tiles in roofing, wood, old plaster, or Roman cement. When set it is hard, and im- 
pervious to wet and damp. One coat of its own paint, which it will rake after twenty-four I 
hours, is sufficient. Mouldings may be run in it, and castings made. 

18665. A cement which will withstand a moist climate, is stated to be composed of one 
bushel of lime with 15 gallons of water and half a bushel of fine gravel sand, mixed with 
3^ lbs. of copperas dissolved in hot water, and kept stirred while being incorporated and 
in use. Sufficient should be made for the day during which it is to be used, as the colour 1 
is not eas ly matched. The Bristol I^rimachos cement is new, and is stated to be ani 
effectual fire-resisting material, uniting readily^ wltt a'metal, brick, stone, or.like surface, I 
and forming a permanent joint, impervious to air, gas, It renews burnt-out] 

parts of fire-brick without any taking down and rebuUdw* It repairs cracked andi 
holed iron boilers^ ovehs. stoves, pipes, &;c. Used as a wash,lt imparts a smooth glazedj 
surface to the interior of retorts of gas works. It may for many purposes be used instead 
of white or red lead in making jomts subject to the action of fire. Other ei.miJar *«iate??iall 
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1866c. Q.Yroim, biitier kno wn ag Pia$ier »f a lul^liste of lime. It is found it 

Alston, in Cuxn1>erland7 at Hill, ^Jx^rSbire ; at Orston, near Orantliam $ in 

Noltingbsmshirc, in Derbyshire, and in Cheritire f ki France, in the neighbouHiood of 
Pa**is, chiefly at Moi tmartre ) and in the departttieiits Of the Saoue, Loire, of tii« Rhone 
and of many others , and in Tuscan]!^ ^voy, Spain and Switserland; in some parts of the 
British Colonies of North America, wherefrom it is exported principally to the United States. 

I The stone is broken into small blocks, and burnt in a wuUed apace with openings in the . 
tiled roof to let out the steam. water oTtmtalliza^w 

pulverulent andjik e flour . On fresh wateiTl^ng added* it combines with the normal 
quanfity df^ten and reassumes the form of a hydrate, recovering its original density and 
strength to a very great degree. A heat of about 200® centigrade is suflScient. The 
London manii&cturers adopt a kind of oven for burning the stone, which prevents the 
smoke from injuring the plaster. In France it has been proposed to throw a jet of steam 
heated above 400® Fahr. over the stone, which is broken very much smaller than usual s 
this jet takes up all the water present, and leaves tiie plaster in the state of a pure anhy* 
droiis sulphate of lime. Tiie plaster obtained from Paris is considered the best of all in 
quality, probably arising from the fact that the stone is the hardest. Gypsum jtw eHs in 
setting in contrai^stinction to the cements, which g enerally shrinks The specific gravity of 
pu're^j^^um mlBLy~T)eTa1teirat 2*3^27^^!^ constituent parts to be sulphuric acid 46, 
lime and w^ter 21. (See Glossaiy, s. v.) 

1 867. The bept bitu minou s cmnentM are obtained from the natural asphaUe^ which is found 
in large quantitiMOiTth^ihores or the Dead Sea ; in Albania ; in riniHad ; at Loltsann. 
and Bekelhronn, in the department of the Bas Rhin; in the department of the Puy de 
Dome ; at Gaiigeac in that of the Landes, &c. The asphalte which is found in inex- 
haustible quantities at Pyrimont Seyssel, in the Jura Mountains, in the department of the 
Aire in France, was introduced into England about 1838, under Claridge*s patent. The 
principal ingredient in its composition is a bituminous limestone, of a rich brown colour. 
After it has been reduced to a fine powder, a certain portion of grit is mixed with it ; it 
is then placed in cauldrons heated by strong fires with a sufficient quantity of ;}it/?e/ a/ /nr 
to prevent the asphalte from calcining. The whole mass is thoroughly incorijorated land 
reduced to a in which state it is run into moulds to form blocks, eaeh‘ lAlbot 

6 inches square, 6 inches in depth, and weighing 125 lbs. Vv 

1867a< The mastic is of three qualities, fine, gritted, and coarse gritted. The first, 
being without any admixture of grit, is used for magazine floors, and as a cement for 
making, in special cases, very close joints in brickwork. II. The fine gritted is used for 
covering terraces, roofs and arches, lining of tanks, and as a cement for brickwork, and for 
running the joints of stones. III. The coarse gritted is used for paving and flooring, and 
where great strength of work is desirable, such as gun-shed floo|p, tun-room floors, and 
margins of stable floors ; while in gateways for heavy carriage traffic, small pieces of 
granite cliippin^ are introduced. These mastics, and more particularly the first two, l>eing 
ductile and readily yielding to any change that may take place on the surfaces upon which 
they are laid, require a proper foundation to be prepared. 

18676. When required for use, an iron cauldron having been prepared, 2 lbs. of mineral 
tar are put in, and then 56 lbs. of asphalte broken into pieces of not more than 1 lb. in 
weight. These are mixed together until the asphalte becomes soft. After a quarter of an 
hour the stirring is repeated, and another 56 lbs. of asphalte added, and so on until a propor- 
tion of 112 lbs. of asphalte to each lib. of tar, under ordinary circumstances, ffils the 
cauldron and the whole is thoroughly melted. When fit for use the asphalte will emit jets 
of light smoke, and freely drop from the stirrer. 

1867c. It will be well to note that it is stated asphalte never flames, but merely passes 
into a state of fusion. At the 6 re at Hamburg in 1842, it was remarked that when as- 
phalted roofs fell in, ** tiie asphalte, in which a sort of rubble is mixed up, was found to have 
resisted the effects of the hear, and, like a mass of dirt, served rather to smother the flamos 
than to give them increased vitality.” A like result is recorded of a fire that took place at 
the Baxaar Bordelais, at Bordeaux, in 1835 ; of another in Stangate, London, in 1855 ; 
and experiments were made by order of the authorities of the British Mi^seum before 
this tna^rial was allowed to be applied to the snow gutters of the dome of the new Reading 
Room and other roofs, with a satisfactory result. Notice is not generally taken of the fact 
that if in works, asphalte or tar be used in places where it may be affected by heat, a 
smell arises which is very prejudicial to the comfort of the occupiers of the building. 

1867d. The term a^halte has abo been ^ven to several compositions tbrmed by the 
admixture of chalk, lime, gas tar, and other substances for cheapness. The coal tats, and 
vegetable pitch, although not so good as the bitumens, are fairly good substitutes in many 
eases, os in coating vaults, or^^iwalls exposed to the dampness of earth. The proportions in 
which to mix .powdered calcareous stone must be regulated by praotloa, as also the bait, 
that the stone be not converted into quidklime, perhaps from 6 to 7 of the pitdh 
volume to 1 of limestone will suffice; and it is recommended to use these la gtiater 
thiekneM than the a^halte^ being about half an inch fbr the latter 
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GLASS* 

" 186S. Glftst 18 a vottibinaticm bf ailex with fixed alkali, geneimll^ loda. The miittire 
irhen calcined ree^vea the niune of jfHl, which after the removal of all ita impurities, it 
eonxeyed to the furnace and melted in iat|^ pots or crucibles till whole mass becomee 
itOHUtifully dear, and the dross risee to the top. After being formed into tlie figures re- 
(|iiired, it is anneal^ or tempered by being placed in an appropriate furnace. The fineness 
oiepends OR the purity and proportion of the ingredients. An extremely fine crystal glass 
U obtained from 16 parts of quartz, 8 of pure potash, 6 of calcined borax, 3 of flake white, 
and 1 of nitre. The specific gravity of glass is about 2000 ; of French plates, 2840 ; of 
English flint glass, 3320. Glass Is extremely elastic, and less dilatable by heat than 
metallic substances. 

186Bo. Four pieces of the common sort of glass being cut from one strip, each piece was 
5 inches wide, O inches long, and 4 inches thick. In the trial of strength they were caleti* 
fated oiit at a standurd size, and gave 17,208 lbs., 15,435 lbs., 14,931 lbs , and 11,385 lbs. j 
the mean being H,931 lbs. This great difference is the more singular from the circum- 
stance of all the pieces being cut from the same plate. The weight of the glass at a size 
of 9*0 X 4*5 X 3, all in inches, would be 1 1*12 Ihs. Shs^t glass is stated to be stronger than 
piafe or croum glass, but less flexible. The c impressive strength of glass is about 12^ to .s 
per square inch. The resistance of glass to a crushii^ force is about 12 times its resistance 
tj extensian. 

1869. Pliny gives the fbllowing account of the discovery of manufactuiing glass, which 
was well known in Aristotle's time, 350 b. o. **A mirchant vessel laden with nitre or 
fossil alkali, being driven on the coast of Balestine. near the river Beliis, the crew acciden- 
tally supported the kettles on which they dried their provisions on pieces of the fossil 
alkali ; the sand about it was nitrified by its union with the alkali, and )>ruducid glass.** 
Thoug I, according to Bede, artificers skilled in making glass were bi ought into England 
in 674, glass windows were not generally used here till tl80, and Mere for a considerable 
time esteemed marks of great magnificence. 

1870. The manufacture of window glass during the last thirty years has undergone 
entire alteration, especially since the abolition of the excise duty in 1845 There are now 
tiireo special kinds of glass used for glazing purposes, and several varieties of them : 

1870a. I. Crown glass, which is blown into large globes and opened out into circular 
flat tables. II, Sheet glass, which is blown into long cylinders or muffs; then split down 
and flattened. III. PIrits glass, which is either cast on iron tables for large purposes, and 
polished; or for smaller squares, blown into a cylinder and polished 

1871. Crown gla^^s, the commonest windowglass, differs from flint glass in its containing 
no lead or any metallic oxide except mnoganese, and sometimv*s oxide of cobalt, in minute 
portions, for correcting the colour, and not as a flux. It is compounded of sand, alkali, 
cither potash or soda, the vegetable ashes that contain the alkali, and generally a sniali 
portion pf lime. To facilitate fusion, a small dose of arse.iic is frequently added. Zaflie 
or oxide of cobalt, in the proportion of 1 ounce for 1000 pounds, is added to correct the 
colour ; but when the sand, alkali, and lime are very fine, and no other ingredients are 
used, zaffre is not required Its manufacture is conducted differentlc fiom that of flinr- 
glass artifices, the object being to pioduce a large flat tiiin plate, which is aftincaid^ 
by the glazier's diamond cut into the requisite shape. It is blown in circular plates, Na y- 
ing from 3 feet 6 inches to 4 and 5 feet diameter ; the process is as follows : — 'i he 
workman, having a suifleient mass of melted metal on liis blowpipe, rolls it on an iron 
plate, and then, swinging it backwardn and forwards, causes it by its own gravity to 
form into a globe, which is made and brought to the requited thinness by blowing 
with a fan of breath, which persons accustomed to the woik know how to manage. 
hollow globe is then opened by liolding it to the fire, which expanding the air confined 
within it (the huUof the blowpipe being stopped), bursts it at the weakest pait, and wt/ile 
still soft it is opened out Into a flat plate by centrifugal fiirce ; and being disen^ged from 
the rod, a thick kuob is left in its centre. It is then placed in a furnace, or in a certain 
part of the furnace to undergo the process of annealing. When the table is cut for use, 
the centre *part in which the knob remiuns is called kmob^glmsy and is used only for the 
very commonest frtjn^oses. Tables ^are now made V such a size that squares may be pro- 
eiund S8 imflttM inehes as extra sizes. « 

1871«, The quwties of crown glass in common ute are called best, seconds, thirds, and 
(fikgltlls or^eoarse ; with two still coarser. The last is of a very green hue, and only used 
b|dUd{ngs, They were sold by the crair, Wt the same price, thediftbrence being 
itMidt ii|i b^earying the number of the tables coittained in it Thus a crate of beet crown 
|biae eonMled twdve tebles $ of Seconds, a crate eontainid fifteen; and of thirds, eighteen 
bddii,. They ai« now told (by Messa. Hartley) in eratat of eighteen tables of the usual 

NN 
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thiokncss averaging 53 inches ; sntl In erates of twelve tables of eatra thlck..ese averaging 
59 inches. Flattened slabs of tlie same qualities are sold in crates of thirty-six slabs of the 
usual thickness, and in crates of tw€X.U.four slabs of extra thickness, each averaging 
94 inches, 2?| inches, and 21 } inches. Tlie flattened slab is also made as * obscured ' glass 
llie sixes of both qualities vary from < quarries * ; under 9 by 7; up to, above 4J fe4.*t, and 
lot above 5 feet superficial. Taking the usual thickness of 

Best as CO extra thickness 1 50 

Seconds „ 90 „ 1 35 

Thirds „ 65 „ 110 

Fourths ,, 50 „ 85 

CCandCCC „ 43 and 40 „ 63 and 50 (Adcock) 

1872. iS5eet glass has been manufactured in England with great improvements since 
1832 to 1838 by Messrs. Chance and Hartley, with the co-operation of M. Bonteiups, of 
Paris. Though inferior in colour, this glass is in other points generally superior lo that of 
the foreign manuiaoture. It is composed of the same or similar materials to the aliove, in 
well ascertained proportions, and with sulphate of soda to give whiteness. In the manufac- 
ture of sheet glaw a suflicient quantity of the metal is collected at the extremity of a blow- 
pipe, and then lengthened by swinging and blowing, till it ac(]uires the form of a hollow 
c} Under, which is then detached, the neck being cut off with a thread of hot glass; and 
one side of the cylinder is cut down lengthuise with a heated iron or diamond. It is then 
taken to the flattening kiln, where the heat causes it gradually to open nearly flat on a bid 
called largrtt where it is rubbed down by means of a block of wood called a poHstoir^ and 
then becomes flattened sheet. After this operation it is placed in the annealing oven to 
cool gradually. This operation is referred to by the monk Theophilus, who wrote about 
the end of the twelfth century or later, as in use in his time. The method was also em- 
ployed by the Venetians especially for coloured glass, as it secured uniformity. But on the 
cessation for its demand, the employment of the cylinders was entirely supeiseded in France, 
England, and the North of Germany, for the rotaiy principle. 

1872a The great advantage of s/ieat glass is that of affording plates of larger dimensions, 
and not only of avoiding the waste arising from the circular form of the crown tables, but 
also ftotn tiie knob or bull’s eye in the centre. The surface, however, is much less bril- 
liant than that of crown glas.s, and is mote wavy and undulated. Messrs. Chance, in 
1838, introduced a thicker tpiality of sheet glass, which was at the same time of a better 
surface, and since then its use has become general. 

18725. In 18<10 the same firm introduced a new variety of window glass uiider the name 
of )\atent plate., which they obtained from a thick sheet glass by a now process of grinding 
and polishing. They made plates of several degrees of thickness, and of sizes containing 
from 8 to 12 feet superficial. The surface of the gUfts obtained by this process, though 
not perfectly true, is very neai ly so ; and in brilliancy it is unsurpassed even ity cast plate. 
For glazing sashes it has nearly superseded crown and sheet glass. But for squares of 
somewhat large dimensions, it may be calculated whether plate glass wili not be as cheap 
or cheaper. 

1872c. As will be perceived by the above short account of the mode of manufacture of 
s/fsct.glass, its size is almost only limited by the strength of the workman. It is chiefly 
sold in crates as manufactured, in sheets of not less in width t|||n 28 inches, and not le*s 
than 9 feet superficial area ; with a limit of width not exceeding 45 inches, and a limit of 
length not exceeding 75 inches *, but these extremes of width and length cannot he com- 
bined in the same sheet Thus in glass of 15 ounces to the foot, tlie dimensions 55 by 
36 inches, or 12|^ feet in area, is the largest plate. In 21 ounce glass, 75 by 45 inches, or 
1 8 feet area : in 26 ounce glass, 75 by 45 inches, or 1 7 feet area : in 32 ounce glass, 65 by 
44 inches, or 15 feet area ; in 86 ounce glass, 60 by 42 inches, or 12J feet area ; and in 42 
ounce glass, 55 by 38 inches, or 11 feet area. 'I'he four first weights are made in qualities 
of best, seconds, thirds and fourtlis ; and the two first have two qualities A and B for pic- 
tures. There is no fourth quality to the two last named weights. All these sorts are cut 
into squares for glazing. 

1872d. Fluted sheet glass of 15 ounce and 21 ounce is usually supplied in crates not 
above 43 inches long ; but it is made up to 50 inches in length. O^ured sheet glass is 
supplied in all substances. 

1873. Fatent plats i^ass, already described (par. 16725.) is made in three qualities, 
B or best, C or second, and CC or tiiivd, quality. Each of these are of four kinds, known 
as No. 1, which is of an average thickness of <|jjth of an inch, and is of an average weight 
of 13 ounces to the foot; No. 2 is^^th thick, and 17 ounces; No. 3 is |\|th, and 
21 ounces ; and No. 4 is 1th, or 24 ounces to the foot. No. 4 B is thus the very beat 
quality made ; the pnees £>r the size required vary but about one or two pennies per foot 
in each kind; and flrom threepence to aevenpence in each quality. They are manufactured 
in aiiea flrom 4 to 13 feet in area^ not above 50 inches long, or 36 inches wide, 

18^ fShrmoH sheet, or Bdgian sheet gloss, as it is sometimes called, was formerly in 
mtieli demand in England ; and is still used for cheapness. Its appearonce is more wavy 
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«ild ipeokM Ums th« English manufacture. Cryttnl white ehmt glass, for glazing pictures 
and |>riats, it iinported from Florence in coses of 100, 200 and 300 feat, in first, aecond 
and third qualities, and appears superior to other glass in whiteness, but it haa the defect 
of * swea^g.* Similar named glass for such purposes made by Messra Chance, appears 
to us to be very green, and therefore detrimental to prints and pictures ; but on the other 
hand it does* not sweat. 

1875. PUUe gloM is so called from its being cast in large sheets or plates. Its consti- 
tuent parts are white sand, cleansed with puriHed pearl-ashes, and borax. If the metal 
should appear yellow, it ill rendered pellucid by tl e addition, in equal small quantities, of 
manganese and arsenic. It is cast on a large horizontal table, and all excrescences are 
pressed out by passing a large roller over the metal. To polish it, it is laid on a large hori- 
zontal block of freestone, perfectly smooth, and then a smaller piece of glass, fastened to a 
plank of wood, is passed over the other till it has received a due degree of polish. For the 
purpose of facilitating the process, water and sand are used, as in the polishinjf of marble; 
and lastly, Tripoli, sm<»lt. emery, and putty, to give it lustre; but to afford the finishing 
polish the powder of smalt is used. Except in the very largest plates, the woikmen polish 
their glass by means of a plank having four wooden handles to move it, and to this plank 
a plate of glass is cemented. 

1876* For the unsilvered polished plate glass fbr mirrors there are two qualities, 
leeond and best. The Paris factory stipplied in 1865 two looking glasses for the 
Mayor's room in the Town Ha'l at Liverjiool, each 15 feet by 10 feet. P<>/tx/«eri;./ate glass 
is manufactured for general glazing purposes up to about 80 feet snperBctal, of tviro quali- 
ties, usual and best. Tiie usual thickness is a quarter of an inch . higher prices are 
charged for glass selected to be cut above Aths , ^tlts.* and Jths. thick ; while for above 
{tbs. thick, special prices are charged. The best quality is declared to be of the very 
purest colour, free from speeks, and not subject to dampness or sweating. 

1877. Rough pLUe glass, cast, is used for roofing, in skylights, windows, Ac., in plates 

from not abov# dO inches long, to above 120 inches long, in thicknesses of -j, inch, 1 

and IJinch ; Itot toese tiiicknesses have certain limited lengths. The widths are the same 
as for plate gliukt. This glass is not ground or polished, but rough from the table, and 
showing the tab lj^ill rks on its underside. 

1878. The pJS/^ough plate glass, which is also cast, must not be confounded with the 
above. It is extCT^siveiy used for ridge and furrow roofs, coaservatories, manufactorii's, 
skylights, workshops, and other places where “obscured" glass is re((uired to intercept the 
vision without diminishing tlie light. Blinds arc unnecessary, and when it is used in green- 
houses, no scorching of the plants occurs. The quality known as Jth. of an inch thick, 
weighing about 2 llw , or .02 ounces to the foot, is usually provided for these purposes, and 
is no more, weight for weight, than common crown gla^s. When greater strength is re- 
quired, Aths. and J inch thick is said to be cheaper and of a finer quality than the common 
rough plate; but we demur to this .statement, as of late years tlie manufacture appears to 
have decreased in strength from the greater use of smd for cheapness; in movealde window 
frames in wareiiouses, a lamentable quantity of broken squares is to be seen almost before 
the floors are occupied 

1878a. Tills glass is m.ide of two kinds; I. Plain, which is merely marked by the fine 
grain of the casting table, and is that above noticed; and 1 1. Fluted, of two sorts, No 1, 
large pattern, having flutes to the inch ; and No. 2, small pattern, having 12 flutes to 
the inch. Both the plain and the fluted kinds are made gth./^^ths. j. Jths. and J inch in 
thickness. The width is about S feet, and the length usuallyiiiot above 70 inches; bi-t 
75, 90, and 100 inches long are also made. When a clear glass and much non-transparency 
are required, No. 2 fluted is the liest. 

1879. Quarry glass is also made in this material ; No. 1 being 6 inches by 4jtli inches 

from point to point ; No 2 being 3 inches by 2^^ inch. A etaiu^ ornamented patent quarry 
rough plate is made for churches, chapels, schools, &c, A patent diamond rough plate glass 
is idso manufactured. A patent rough plate, and sheet, per/bro^ed glass, polished or un- 
polished, for ventilation, can be obtained in sizes, which require consideration in arranging, 
on account of the length of the slits or perforations. It is usually made m columns 1^ 
inches wide, and 2j inches apart ; the space between each slit vertically being 1^ inches. 
Larger sizes, or the columns wider apart, can be obtained from various manutactureri, or 
to order. • 

1880. Many other applications of glass will be noticed in the ensuing chaplw. 
We mutt here state that the details given in this section are founded upon the prioa 
list isfited by Messrs. Hartley, of Sunderland, and would state our regret that the manu* 
facturers have not deemed it advisable for their own interests, to provide some plsM in 
London, ukd in other large towns, where the architect can call and compare the qualities of 
gUii euppMed under his specification with standards there placed. It was comjiaTatively 
fiiqr in frnmor years to Ju^e of good glass ; now it is almost impossible. 

;nn 2 
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CHAP. III. 

USE OF MATERIALS, OR PRACTICAL BUILDING. 

Sect. I. 

FOUNDATIONS AND DRAINS. 

1881. In the previous chapter, the principal materinh used \n budding have been 
enuif erated ; this chapter will explain how those materials may be most advantageously 
employed . but we shall not, in the various branches of practical building, again touch 
on the materials themselves, which have been already sufficiently described. The most 

1 important of a.l considerations — a due regard to the foundations on which a building 
[is to stand — will be first entered upon. The advice of Vitruvius may still be followecj. 
In England, the recent introduction of concrete has superseded the use of wood under 
walls in the earth ; and piles are now quite exploded, ex ‘ept sometimes for the piers 
of bridges and other situations in which they can constantly bo kept wet. 

1882. The bes’- soils for receiving the foundations of a bu Iding are rock, gravel, or 
close-pressed strong sandy earth; “but,” says D. B. Alberti, “ we must never trust too 
hasiily to any ground, though it may resist the pick-axe, for it m.iy bo in a plain, and be 
infirm, the consequence of which miirht be the ruin of the whole work. I have seen a 
tower at Mestre, a place belonging to the Venetians, which, in a few years after it was 
built, made its way through the ground it stood upon ; this, as the fact evinced, was a 
loose weak soil, and buried itself in earth up to the very battlements. For this reason, 
they are very much to be blamed who, not being provided by nature with a ^oil fit to 
support the weight of an edifice, and lighting upon the ruins or remains of some old 
structure, do not take the pains to examine the goodness of the foundation, but incon- 
siderately rai'^e groat piles of building upon it, and out of the avarice iOf saving a little 

/expense, throw away all the money they lay out in the work. It is, therefore, excellent 
/ advice, the first thing you do, to dig wells, for several reasons, and especially in order to get 
{acquainted with the strata of the earth, whether sound enough to bear the superstructure, 

’ or likely to give way.” It is impor ^nt, previous to laying the foundations, to drain them 
completely, if possible, not only from tho rain and other water that would lie about, but 
from the land water which is, as it were, pent up in the surrounding soil. In soft, loose, 
and boggy ground, the use of concrete will he found very great ; and in these soils, more- 
over, the width and depth it should be thrown in should, as well as the lower courses of the 
foundation, he proportioned inversely to the badness of the soil. Clay of the plastic kind is 
a bad foundation, on account of the continual changes, from heat and moisture, to which it is 
subject, and which often cause it so to expand and contract as to produce very alarming 
settlements in a building. The best remedy against this inconvenience is to tie the walls 
together by means of chain plates, buried in the centre of the footings, and on the top of 
the landings that rest on the concrete ; those plates to be, of course, connected at the return- 
ing angles, so as to encompass the whole building. In these cases, the clay must be exca- 
vated to make room for the concrete. This will be found an effectual rem^y in clay soils. 

1883. By the Metropolitan Building Act, no building can he erected upon any site 
which shrill have been filled up or covered with impure matter enumerated in the Act ; it 
must be removed first, and any holes, if not used for basements, must be filled in with hanl 
hr’ck or dry rubbish. Generally, if the soil be a sound grifvel, it will want little morp 
than ramming with heavy rammers ; and if the building be not very heavy, not even that. 

1884. Where vaults and cellars are practised, the whole of the soil must, of course, be 
excavated ; but where they are not required, trenches are dug to receive the walls, which, 
in both cases, must be proportioned in strength to the weight of the intended super? 
structure and its height. In general terms, we may direct the depth of foundatiops to be 
a sixth part^f the height of the building, and the thickngpg 0^. the j ^s twice that g f 

^ those that are raised upon tHmn7'”T5are musTlie taken that tb«^ whichlsTto receive thp 
footings of the walls he equable ; otherwise, where external and internal walls are connected 
together, the former, being the heaviest, may settle more than the latter, thereby causing 
fractures, which, though not, perhaps, dangerous, are extremely disagreeable in appearance. 
The lower courses, which are called the footings of the wall, are often laid dry; and. per- 
haps, at all events, a sparing use of mortar in a spot loaded with the greatest pressure should 
be preferred. If the footings be of stone, very particular attention should be bestowed on 
placing the stone in the courses in the same direction or bed as it lay in the quarry, to 
prevent it splitting. The above mentioned Act requires that the foundations of the 
' walls of erery house or building shall be formed of a bed of concrete not less than 
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9 inches khick, and projecting at least 4 inches on each side of the lowest course of footingi 
of such walls. If the site be upon a natural bed of grave], concrete is not then required. 

1885. In foundations where, from columns or small piors pressing upon particuliy 

parts, there would be a liability, from uneven bearing, to partial 6iiliire, it has been the 
practice, from a very early period, to 
turn inverted arches (see fig. 616) to 
catch on their springing the weight 
to be provided against, by which means 
such weight is equally distributed 
throughout the length of the founda- , 
tion. “ Standing thus,” says our master I 
Al^fiXji, “ they (tlie columns or weights) j 
wuTIm less apt to force their way into 
the earth in any one place, the we'ght F>«.6i.o. 

l>eing counterpoised and thrown equally on both sides on the props of the arches. And 
how apt columns are to drive into the ground by nf^ans of the great pressure of the weight 
laid on them, is manifest from that corner of the noble temple of Ves^pasian that stands 
to the north- we-t; for, being desirous to leave the public way, which was interrupted by 
that angle, a free and op^^n passage underneath, they broke the area of their platform, 
and turned an arch against the wall, leaving that corner as a sort of pilaster on the other 
side of the passage, and fo'tifying it as well as possible with stout work, and with the 
assistance of a buttress. Yet this, at last, by the vast weight of so great a building, and 
the giving way of the earth, became ruinous.” When invoited arches are proposed to 
be used, they should be shown in the drawings. 

1885<7. a method ef forming foundations has lately come into vogue for bridges and 
other hydraulic constructions by the use of cylinders., or other shaped air-tight cases. In 
India the system of founding Inrge masses of masonry on cylindrical piers built in the 
interior of wooden curbs, has prevailed for a Jong jieriod. The method'of constructing 
the piers is the same as that used in England in sinking the pteining for ordinary wells; 
and when sunk the interior is filled up with concrete or ruble masonry. Some of the iron 
bridges lately erected over the river Thames and elsewhere have-been placed on founda- 
tions formed by cast iron cylinders filled in with concrete. Further details must he 
sought in works devoted to Civil kngineering^ as the system will seldom be applicable in 
strictly architectural constructions. 

1886. A ir-drai n. It is most important, when the walls are raised on the foundations, 
and brought up a little above the level of the earth, to take care that the earth, most 
especially if moist, should not lie against 

them ; for if walls, before they are dry and 

settled, imbibe moisture, they rarely ever I 

part with it, and thence gradually impart ret I 

to the timbers throughout the house. It is, | 

then, most important to have a second thin ^ I I 

wall outside the basement walls, so as to mmMil m m l u i li u l u ihii i ii ii DAMP 

, leave between it and them a cavity for the ground^ — ! COURSE 

.circulation of the air, such cavity being * 

'technically called an air-drain. In moist 1 


and loose soils it is essential for the dura- 'W/pA IJ 1 AIR DRAIN 

bility of the building, as well as for the cavity 

health of those who are to dwell in it. The ' I 

by W. floor 

WhUeTof Abei^avenny, has been largely I - ■■■ — 

used for preventing damp passing through a \ 

wall. A wall may be built with half-bricks J 

on the flat and set in this composition, filling course fain nnnniinilM i <i i t iii i lL d ii^^ i 

the middle joint of half an inch, and an inch j— L — '■ Concrete | 

or so of each bed. This is stated to be much p- 1 

stronger than an 18-inch wall built in the 1 

ordinary. way. Abriik flat with a brick on 
edge, as for cottages, or for economy, is quite 

d.<imp-proof, and equal in strength tp a 1 4-inch WX' 

wall built with mortar only. No skill is re- CONCRETE 

quired ; an intelligent labourer can use it. 

1886a. It is important that air-drain 

or dry area shoula commence at least as low - 

as the foundations of the building ; in very 

wet situations it should be provided with pipes to carry off the superabundant moisture, 
and bft independent of the main drain of the building. Even when provided, the usual 
precautions to prevent damp arising in the main walls must not be neglected. The air~ 
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draint which should never be less than 8 Inches wide, more if possible, "is commonljp^ 
covered with a half-brick arch, or with stone, elate, or tile, below the surface of the 
ipromad. This entirely does away with the benefit anticipated by its formation, because 
the surface drainage descends and injures the main wall, even when cemented above the 
covering ; this covering should come some inches above ground. Unless care be taken it 
often degenerates into a hole for dirt and vermin. A go^ arrangement is to make a dry 
area, or a space wide enough to be easily cleared out, and to which a ^t or dog^ can 
have access, and to cover it with stone with moveable gatings at convenient distances : 
the expense will not be much greater, while the result will be very eflfwti ve. The mo«t 
secure arrangement, however, is to form an open area all round the building. The want 
of such a precaution in the houses in the suburbs of towns renders a large majority of 
those having basements nearly uninhabitable from the disagreeable consequences of damp 
walls. (See also 61 6A.) 

18866. Damp courees. This simple provision to prevent wet. which is likely to get 
into walls, from rising in them by capillary attraction, is too often neglected, especially 
in cheap work, for the present saving of a pound or two ; but at the ultimate expendifure 
of many pounds. The simplest plan has generally been to work three courses of the 
brickwork above the footings and below the ground floor, in cement. Messrs. Smith of 
Uaruick sfate that a coating of cement, done in a very substantial manner, did not 
appear to have the smallest effect, as the wall was as damp above it as below. Far emaH 
cottages they found an effective plan was to build all the parts of the wall underground 
quite dry, and not to use any mortar until clear of the earth. This left the walls quite 
dry above. The next meth(^ is to bed a course of sound whole slate slabs, J inch thick, 
in cement. When the soil is very damp, two or even three courses of ordinary slates 
may be laid in and well bonded, not only in the main walls, but in all cross partitions 
and dwarf walls. For some reason, probably that of the slates and cement having se- 
parated or crushed with the weight of the walls, allowing the damp to pass through, this 
method has fallen into disuse. As Portland cement will adhere to slate, probably, in 
solid works, if used instead of Roman ^cement, the result would be more satisfactory. 

1886c. Sheet zinc bedded in loam has been found to decay. In extensive works, fine- 
gritted Hsphalle, applied in a hot state, is introduced as a layer, about half an inch in 
tiiiekness. This material is sttited, in the Appendix to the Deport of the Fine Arte Com- 
wiseioners, to have kept out the effects of damp, which would have shown themselves, as 
the foundations of the building referred to were always in water about 20 inches below 
the level of the ground floor. The brickwork s hould be dry and protected from rain 
during the operation, to prevent the asphalte becoming honeycoihbed. In buildings 
already erected, the walls Ciin be underpinned to introduce the material. At the Now 
Palace at Westminster the joints arc only half filled with mortar, the asphalte filling the 
remainder when poured over the bricks. The bricks for the next course, having been 
heated at a coke fire, were placed on the asphalte in its fluid state, and the joints half 
flushed up. The outer courses, however, should be first laid for s^hnrt distances, tbat 
they may set before the middle is filled in. In rubble masonry, it will be necessary to 
fill up all inequalities on the surface with fine concrete; when this has set sufficiently, 
the asphalte is to be laid as described for brickwork. Gas tar mixed with lime is s .id to 
be impervious to wet. 

1886cZ. Two centuries ^o, thin sheet lead was laid on the top course of a wall to pre- 
vent damp coming down it from the gutters; of late years, a layer of 4 lb milled lead 
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has been proposed to prevent itrisMig; no doubt the best and most efficacious remedy, 
but the cost would be gre.ter than usually allowed. But the best invention, having 
price also in its favour, is t\\e damp-proof course, formed of brown stoneware, perforated 
throughout its entire width with a half air space, which remains open after the morraF 
beds are laid, on each side of the slab. In an executed work, a course of bricks *can be 
cut out and the stoneware be inserted. This is one of the many building inventions of 
Mr. John Taylor, junior. Fig. 6166. shows one for an 18-inch wall; other sizes as well 
as angle blocks are provided. Each foot superficial is stated to be equal to the support 
of 26 tons or 600 feet of vertical brickwork. Jennings has patented earthenware n*e^pm 
blocks, “ non-conductors of damp and a cheap substitute far brick sleeper walls ; they 
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**? *‘®“* paving: Jigt. 6160, 616(1., and 616«. d«»criba them- 

ittivet, Ftff, oly, the Button of a sleeper-wall ad brickwork, carrying stone 

pairing on one side and timber joist on the other. There are four (bourses of brickwork, 
on which is Uid the timber sleeper, 4 inches by 8 inches, 
to cony the joist. 

1886s. Fig, 6164. is also useful for admitting air into the 
space under a 6oor, and then dispenses with the common 
oast-iron air-brioi usually fixed for such a purpose. Air graU 
tn^s are of n larger siae. The following arrangement, shown in 
Mgs, 6ldg. and 6164., has been carried out where it was thought 
advisable to provide for the admission of a large quantity of 
firesh air at times into the body of the budding. Funnels or 
pipes were in-erted in the side walls undor the fioor, say 1 ft. 

9 m. diameter. An area protects the ii^mt, to which a small 
weeping drain is put to carry off any rain water, and is pro- 

tected at the top by a grating to prevent animals getting in. On the inside is a 
plate or slide, which cm be let down through the floor, paving, or boards into a groove, 
to regulate the quantity of air or to shut it 
off. The fresh air ascends through gratings, 
or by other means, in the floor, into the hall. 

188^. A preventive against the rise of 
damp in the inside of the building is lo cover 
the whole area within the walls with a layer of 
ooncrstSt about 4 to 6 inches thick. By a bye- 
law of the Metropolitan Board of Works, the 
site of every house or building shall be covered 
with a layer of good concrete at least 6 inches 
thick, and -smoothed on the upper surface, 
unless the site thereof be gravel, sand, or 
natural virgin soil. But as concrete, especially 
if of a coarse character, is of a honey-comb 
character, even when fixed or set, being full of 
little cavities, there is some danger in placing 
it in wet soils, for it will often weep, and if cut, 
water will be seen to ooze through it. Also, 
when placed under n basement floor to keep 
out damp, water will invariably find its way 
through if there be any pressure, as from 
springH. To prevent vapours rising from de- 
composed matter in the soil, a good practice, 
even in dry localities, is to cover the soil, before 
the floor boards are laid, with a layer of two «»cmoN. Fig s'U. 

inches of unslaked lime, which on slaking with damp, or damp air, will destroy any 
vegetation that may have been left on the surface. 

-fiKWERlQE AND DBAINAGB. 

1887. Before a brick or stone of any budding be laid, the architect neglects his duty 
if he has not provided for perfect drainage in the lowest parts of the structure. This 
should not be by the aid of a stagnant tank, called a cesspool, if it can possibly be 
avoided, although there areaome localities where such a tank mast be formed, and then 
the -solid contents can possibly be made useful for manuring purposes, the surplus water 
being drained off, possibly into some running stream at a distance from the building, whose 
exhidations shall not be blown bj any prevalent winds of the spot back upon the pliwe 
where they were generated in a different form. The durability of the structure is quite 
as much involved in good drainage ns is the health of the family whose dwelling-pla^e 
the house is to become. London, with its suburbs, is now probably the best drained 
capital in Europe. The lines of sewers forming the Mam Drainage scheme have relieved 
the noble river of nearly all tie sewage matter which had been carried into it. Every 
street and alley has its public sewer, and nearly every house has its separate drain into 
•the sewer. No new sewer can now be made in line! on without the previous approval of 
the Metropolitan Board of Works ; and no drain can be laid into a sewer without the 
previous approval of the vestry or district board, which has to apply to the Metropolitan 
Board of Works for their sanction in both cases. Many towns in England have now their 
Board of Health supervising the drainage of the streets and houses, pursuant to The 
Public Health Act, 1848, ** and The Loc^ Government Act, 1868.” 

1887a. Sewers wo provided for carrying away fonl water brought into them by the 
drains. Ordinary street sewers are built of hard bricks set in cement, and are no’iV 
generally egg-shaped in section, being about 8 feet 8 inches wide at the top, and 2 feet 
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9 inches at the bottom, of the sides, which are formed by curves of a larw raditis, and 
6 feet high in the clear. Smaller sewers are 2 feet 0 inches and 2 feet 3 in<mes wide, and 

f and 2 feet 6 inches wide, and 4 feet clear height. The 

smaller end is placed downwards. The dif- 
ference of friction or impediment in favour of 
a curved bottom is great, much power of the 
flow of water being lost by the use of a flat or 
flatly curved bottom. This part of ths sewer 
is called the invert^ and is often formed of 

^ stoneware, the core being filled in with coarse 

cement ; thus the foul liquid does not perco* 
t late through them into the soil. The figure 
shows Jennings’ con.pound invert 
blocks, laiii and jointed in Portland cement ; 
the bricks at the angles set in blue lias lime. 
Smaller sewers are now made of large cii^ 
cular glazed stoneware pipes, and in a few 
exceptional instances of iron ; and even rock 
concr te tubes, from 16 inches to 36 inches 
diameter, are made at Poole. The joints of 
these pipes are made watertight. These 
onUnary sewers pass into larger ones called “ main sewers,” all gradually inclined from 
the higher to the lower levels, joining one another either with curves or acute angles, sc 
that the flow of one current shall not impede that of another; and they gradually become 
larger and larger, according to the requirements of the town, until they end in one or 
more outfall sewers discharging into a river, or to reservoirs for a system of irrigation or 
for other purpose. 

1887i^. The accumulation of foul deposits in sewers is caused by the want of sufficient 
fall or sufficient flushing with water, and so occasions foul air, or gas as it is wrongly 
callod. Hence it is essential that the sewers should be well ventilated, in order that the 


foul air shall not escape or pass up the drains of the houses. This ventilation in a line 
of sewer is effected by a shaft carried up from the crown of the sewer to the surface of 
the street, where it is finished by a grating. Where there are plenty of these ventilating 
shafts, it is considered that no nuisance is produced by the bad air as a general rule, because 
the purer air is supposed to be continually passing into and out of the sewer through them, 
thus diluting the foul air. If a nuisance from foul air is complained of, it would show 
that something was wrong with that ptrt of the sewer, or that another ventilator was 
wanted in the distance between the two already in position. Instead of these, it has also 
been proposed to ventilate sewers by means of pipes carried up houses and ending above 
the roofs, but this system is considered to be inefficient unless the pipes are of large size. 
The head of a system of sewers, or the end or head of a sewer, as to a court of houses, 


requires both a flushing apparatus to occasionally cleanse the sewer, and a pipe ventilator 
or ventilating shaft earned up to carry off the foul air which there collects. Other 
s>st^8 have been suggested. Various atterapt5 have been made to create strong upcast 
draughts by furnace chimneys, cowls, or other artificial means, but these attempts have 
never been mors than locally— *-and then only partially — Buccesbful. 

1887ff. Whilst on the subject of sewerage, it may be well to refer to the Dew Migtem ^ 
raising the sewage from a low to a. higher level t.y means of Shoue’s hydro-pSrmalfc 
sewage ejector. This successful system, as carried out at the Houses ot Parliament, Is 
described in the Transactions of the Royal Institute of British Architects, 1887, iii., new 
ill British Architect for January 28, 1887. p fl9. The work was performed 
thus: ip the bottom of the old main brick sewer, about 1000 feet long, passing from 
north to south under the Houses, a 12-inch cast-iron drain was embedded in concrete, 
with a fall of about 1 in 212. This received all the sewage of, and rain falling on, the 
Houses and grounds, and was discharged into a receiver at the bottom of a sewage man- 
hole. From the side of the receiver a Ti-inch cast-iron inlet pipe is carried horizontally 
into the adjoining ejector chamber, in which are three cast iron ejectors, one being capable 
of discharging 480 gallons, and the other two 336 gallons each, per minute. The sewage 
is conveyed into them by a 6-inch ca#'t-iron pipe. From the bottom of each ejector a 
e-inch cast-iron pipe passes vertically upwards into a 12-iDeh cast-iron horizontal outlet 
pipe,' which is carried through a darn built in the old main sewer, and discharges beyond 
It into the old outlet communicating with the Low Level Sewer, and above the normiil 
flow of sewage therein. 


1887<f. Compressed air is used for ejecting the sewage, &c, from the ejectors by 
Atkinson’s differential gas eugin^^s— four of ^them, each of 4 Imrse-power. Usually one 
only is employed. There is an automatic atvangeraent for conducting the air, and ball 
zaires for admitting and expelling the sewage. The compressed air in the ejector is dis- 
charged by a pipe leading into the rezitiUting s^ft passing, up tbe^ofoeh tower, Th ^ 
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amouQt of 9 ewag& ejected in drj/ weather ie found to average no more Ihan 40 gallons pet 
minute, so that a 6-inch pipe would carry away all the sewage produced in Houses. 
Fresh air is admitted into the subway and chamber, &c. "J’here is also a 9-iat^ main 
Vranch drain under the basement along the west side of the Houses, which is also renti* 
lated. The total cost of the works, including the four gas engines, the three compresseJ 
air receivers, the piping, and the three ejectors, has been^^iiUe over 11,600/. 

Drains, 

1888/7. Into the public sewers are carried the drains from tl|e houses. These drains 
were formerly made of brick, and called ** gun-barrel drains from their circular shape. 
In course of time they got out of order from decay, rats working their way through, and 
ptlier causes, so that foul matters soaked through into the soil, which thus became 
saturated, and foul air ascended into the house. Such drains have been discarded 4ince 
the introduction, about 1845, of pipes into the sewerage and drainage system. These 
pipes are made of vitrified stoneware, and are very different to the glazed or unglazed 
earthenware pipes sometimes substituted for cheapness. The sewage soon corrodes this 
glazing, which being removed, the half-burnt earthenware sucks in the foul water and 
decays. Nor is it nearly so stooi^ as the stoneware pipes ; these are also supplied 
with covers for occasional inspection. Pipes are also made specially, 3 feet long and 
of a thickness equal to one-tenth of the diameter, with Stanford’s patent jo nts, by 
J. Cliff and Sons, near Leeds. Messrs. Doulton manufacture a patent self-adjusting 
joint, securing several advantages. 

18886. The main drain necessary for the service of the largest bouse (we suppose the 
case of one in the country), if the fall be even but moderate, requires no large dimensions. 
When we see a small river draining considerable tracts of country, often in section only 
8, 9, or 10 feet superficial, it m y easily be conceived that the surplus water from, and 
PH in falling on, a mansion is a quantity, even in pressing times, that exacts no large area 
ol discharge to free the place from damp. There are few cases in which the greatest 
mansion would demand more than a 12-inch or 9-inch pipe, with branches of 6-incli and 
4-inch pipe ; which, with Scinch lead pipes for soil pipes, if properly connected and 
laid, will suffice for all purposes. 

1888c. One object in draining a house, a mansion, a village, or a town is to make the 
drains and sewers so that the sewage in them shall never stagnate at any part, but bo 
CO siantly flowing with a self-cleansing velocity ; and so that the air in them shall never 
stagnate at any part, but be always flowing, by fresh air passing into their lowest parts, 
ami by foul aii: discharging from their highest parts into the stratum of the atmosphere 
above that in which we live and breathe. 

18&8c/. There are several systems of draining a country mansion. Near to the main 
o'ltlet is fixed a la«ge intercepting trap, to be ventilated. Into this pusses, by drains on 
all sides of it, all the water by the rain-water pipes from the roofs, the soil by those from 
the water closets, and from the pantry and scullery sinks, as well as any surface water 
fiom trapped gratings. The waste pipe from the scullery sink should, p^^v^ously to 
passing into the drain, be connecied with a grease trap (see PLUMBEtty). Nome of the 
rain-water pipes may act as inlets of fresh air and also as ventilators to the drain ; but 
occasionally, and especially near traps, other pipes for inlets of fresh air may be provided 
to prevent what is called “ syphoning,” These ventilating pipes are to be of the same 
diameter as the drain, as required by some authorities, or as the soil pipe as by others, 
to be carried up to the top ot any gable or roof of the house, and to some feet above and 
clear of the chimney pots, so as to prevent foul air from passing down them by down 
draughts ; the top is sometimes open, but they usmilly have a cap or exhaust ventiUtor. 

1888c. The ram or surface water from houses in the country, or on open If^d, should 
bo carried away into the natural streams by glazed stoneware or fireclay pipeyitaibedded 
inconcrete if the soil require it, and of diameter** varying from 3 to 24 jnciSib or more, 
laid with a proper fall. Where a building has to be erected on soil which holds water, 
the site should be drained by the use of agricultural pipes, these bring discharged into 
an open gully leading to the main drain, to a stream, or otherwise where convenient. 

Toum drainage eposiats of the comparatively clean surface and subsoil water ; 
and of soiled and used water containing organic matters called sewage. The combination 
of these two waters was established in London towards the end of the last an I the com- 
mencement of this century, at the time that water supply by pipes to bouses became 
general. This was discharged into the cesspools, and thence by overflow draigs into 
uitches, watercourses, and sewers, open and covered, and thence into natural streams and 
•rivers. The two syetems of drainage should, say many pe^sone, be kept separate by the 
jprovision of .one set of drains for receiving the clean water and d'seharging it into the 
natural streams ; and of a second set for^tecoiving the dirty water and sewage and con- 
veyjng it by self- cleansing drains, as fast^as it is produced, to prepared f^ricultnral land. 
This system was recommended by Mr. John Phillips about 1849 ; but it has not found 
inany advocatss, chiefly as it appears to^fail from the water in the first portion >>eing 
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removed from the second portion, and thus there is not sufficient to cany off the sedl*- 
soentary matter, which would be done when the teo (^yatems are combined. 

188d^. The position and size of the drains haring been settled, the fall has to bs 
arranged. It has been proved beyond a doubt that matters easily carried away by the 
increased velocity gained by using a small drain, remain as an obstruction in a large 
drain. A velocity of 2 feet per second is the least which will keep sewers clear of all 
ordinary obstructions ; while house drains and small pipes require a velocity of 8 feet 
per second to keep them clear (Hurst). A fall of from 2 inches or 3 inches in 10 feet 
will be found quite sufficient for all practical purposes. A fall of 1 in 80 is considered 
by many to be a good fall, and not always to be obtained. Pipes half full, with a velocity 
of 3 feet per second require the following falls: —4 inch pipes, 1 in 100 ; 6 inch, 1 in 
150 ; y inch, 1 in 225 ; 12 inch, 1 in 800 ; 15 inch, 1 in 350 ; 18 inch, 1 in 460 ; 24 inch, 
1 in 600; 30 inch, 1 in 700. With a velocity of 2 feet per second, 4 inch pipes reqniw 
a fall of 1 in 200 ; 6 inch, 1 in 300 ; 9 inch, 1 in 450 ; 12 inch, 1 in 600 ; 15 inch, 1 in 
700; 18 inch, 1 in 900; 24 inch, 1 in 1200; 30 inch, 1 in 1400 (Sears). 

1888A Hence also the advantage of fluMng a drain. One person has urged that his 
ten-roomed house and outbuildings have not, in the course of many years, ever been 
inconvenienced by the use of a 3-inch drain, whilst other houses of similar size, having 
6-inch and even 9-inch drains, have been seriously affected. Much depends on the fall, 
and on the careful laying of the pipes, and something on the quantity ot water used for 
household purposes. Where a water closet is placed at or near the head of a drain, a 
stoppage of its pipe often 02 cur 8 ; while grease from the kitchen sink incrusting in the 
pipe, for want of occasional hushing with hot water, is another Irequent cause. Sewers 
also occasionally require assistance by flushing them from their head. One of the 
best arrangements proposed is that of an iron tilting ci^te^n, to hold al)out 90 gallons, 
inserted in a brick pit at the head of a pipe sewer. This cistern, with its bress bearings 
and plates, brickwork, stone cover, and water tap, costs about nine pounds, and if one 
were placed at the head of each pipe sewer in a town, and all were turned off at ths 
same time, a material assistance in keeping the main line also clear, would be found 
The “ self-acting syphon flush tank ” is now much used for such purposes. Rogers Field’s 
patent consists of two concentric tubes, the outer one being closed at the top and steadied 
by radial ribs projecting from the inner tube. The ennular space between the tubei 
constitutes the ascending or shorter leg, and the inner tube the descending or longer leg, 
of the syphon (Buildtr, 1879, xxxvii. 1,002). There is another arrangement patented 
by him, combined with a grease intercepter. (See Watsr Waste Preventer.) A some- 
what similar one is put forward ns “Adams’ patent flushing syphon.’* Another by 
Banner, as in The Sanitarian* s Coinpanion, 

1888i. The house drain should be effectually cut off from aerial connection with the 
common sewer, or any other house drain ; also, the house should be cut off from aerial 
connection with all soil and waste pipes ; and all these external pipes and the house 
dnin sliould be so formed and so connected that they shall at all times be freely flushed 
W’th fresh air, and all contribute to their mutual purification, “ House drains,” writes Mr. 
Honeytnan, “as usually laid at present are not ventilated, A 4-inch drain, as recom- 
mended by Sir Robert Rawlinson ( Trane, of Sanii. Inst.^ vol. vi., p. 72) and others, 
cannot be ventilated by merely leaving openings at each end of it. The friction in such 
a pipe would neutralise a considerable amount of energy, and there is no energy. The 
movement of the air is sometimes in one direction, sometimes in the other, and the 
quantity which gains admission is just al>out sufficient to promote fermentation and the 
propagation of organisms, and to allow the escape of abominably polluted air at either 
end, or into the house if it have the chance. My advice is to increase the size of the 
drain, to confine the sewage in a narrow channel, and to keep the whole clean. 1 am not 
prepared ^ say that eren a well-ventilated house drain would be superior to one abso- 
lutely wffiiout ventilation, from which atmospht-ric air is entirely excluded ; but it 
appears to me to be indisputable that there must be either thorough ventilation or none, 
and that in this case the usual via media is the very worst course that can possibly bo 
adopted.” 

1888^. A system has lately (1887) been patented by Mr. H. R. Newton, architect, 
whereby he shows the absolute necessity for the total enclosure of sewage from air in 
all ways, to prevent exhalations arising, and to absolutely control the method for their 
suppression. He points out the injurious influence of forcing air into fouled water in ar y 
way, OP of allowing fouled water to have any contact with air; drains and sewers, he 
maintains, should be always full, instead of empty. 

1888/. Various arrangements are advertised for obtaining aoeess to drains for inspec- 
tion without the necessity for breaking into them, or for clearing stoppages. At the end 
of the drain next the sewer (and perhaps at other places) should be formed a manhole 
or “ inspection ” chamber, having a syphon trap in it, or between it and the sewer. It may 
be formed of bricks in cement, sometimes set on a concrete bed, and is usually 8 feet 
6 inches by 2 feet 6 inches in the clear^ and finished with an air-tight cover, as by ft 
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Iron Drains. 

1888». The “Newman” complete system of Cast Iron Drainage^ of whi.h tho (irrt 
Iptroducers and sole manufacturers are the North British Plumbii^ Company. A paper 
is published by theta, On the use of Cast Iron for House Drains, by W. D. Scott 
Moncrieff, C.E., read at the National Health Scciety*a Exhibition, 1883. The advantages 
of cast iron are put thus : 1, its superior strength and capacity to resist fracture ; 2, the 
greater lengths in which it can be manufacture, and the corresponding reduf'tion in the 
number of joints; 3, the greater facilities for making the joints secure by means of lead 
run in, sulphur, oxi ised iron filings, red lead and yarn, &c. The points to be considered 
in adopting cast iron are : 1, the available means for preserving it ; 2, the determination 
of the capac-ty and weight of the pipes; 3, the character of the connections best suited 
to the material ; 4, the nature ot the joints ; 6, the comparative cost. The preserving 
methods besides paint are: 1, the coating with a preparation of tar, known as Dr. 
Angus Smith’s composition ; and 2, the Bower-Barff process, consisting of coating the 
surfaces of the iron with magnetic oxide after a very careful cleansing, and then 
piinting to protect the surface from being injured too deeply at any time, for if 
scratched, oxidation quickly follows. They can hIso be glazed inside. At each end of 
the drain a manhole can be formed, so that the drain could be swept clean from end to 
end by a sweep’s machine. Some objections have been raised to iron drains, more espe- 
cially that of the iron cracking, as it is'well known iron rain-water pipes will crack, 
even when protected from the atmosphere. 

1888o. The pipes in 6 to 9 feet lengths, with inspection covers, curved junctions, are to 
be laid on concrete, or on a dwarf wall, or on iron bearers, and in a trench or subway under 
the passage, so that the whole length can be open to inspection at any time. Five-inch 
pipes are usually adopted, fths of an inch thick, giving about 120 lbs. as the weight of a 
6 feet length. When the soil pipe is connected to the iron soil drain, a copper ferrule 
should be wiped on to the end of the soil pipe, the latter being threaded and caulked as 
for the ordinary iron joint. The joints may also be screw joints. The company also 
furnish the necessary house drain terminal, manhole covers, flush tank with annular 
' syphon, rain-water flushing head, grease trap, water-waste preventer cistern, mica non- 
return valve,- soil-pipe cowl, improved valve closets, air ventilator and tubes, Winser’s 
channel pipes and bends, straightand taper, in lest enamelled stoneware ; white enamelled 
sinks for kitchen and scullery; caulking sleeve of brass, for securing lead pipts in iron 
sockets, with oakum and lead ; and many others of similar modern appliances. 

Testing a Drain. 

1888p. There are several methods of ascertaining if tho pipes are properly laid, ns 
well as for finding the place of an escape of smell into the house. 1. By the peppermint 
test, relying upon smell. This is applied by pouring down the ventilating or other 
accessible pipe outside the house, about two ounces of strong (essence o ) peppermiur, 
quickly toLlowed by about two quarts of hot water, the orifice of the pipe being 
im-tantly plugged up to prevent the escape into the atmosphere of tho scent. If per- 
ceived in any room, or closet, or sink, there exists the evil. 2. By the smoJ^e lest, 
relying upon sight chiefly, the invention (1883) of Mr, C. Innes, C.E. Straw may be 
placed in the dram, say at the inspection shaft (if there be one), then saturated with 
petroleumti and lighted, with care on account of the flare. Then the drain must be 
covered over so thitthe smoke shall ascend the drain, escaping at the ventilating pipe, if 
there be no crack or defect by which also to escape. A pinhole in an iron pipe has thus 
been detected when the previous test failed to point out the exact spot. Pain’s “ smoke 
rockets” bum from ten to fifteen minutes, and emit a dense volume of smoke. “The 
Banner patent drain grenade” or “drain ferret” ts made of thin glass, and cha’*gpd 
with powerful pungent and volatile chemicals. When the grenade is dropped down any 
pipe it breaks, and the eflTect produced by its contents is distributed only as intended. 
When drains to be tested by the smell or smoke test pass through a house, care 
must be taken to close all openings ; and when applied outsid**, the openings should be 
closed, to prevent any smell entering frem the outside. 

1888^. In places where the drain is deep and has been laid in clay with rubbish 
over, and perhaps finished by concrete with a coat of cement over, « r tile, or other 
paving, if the ground be probed with an iron or stool rod to the bottom of the 
trench, iti has been found that smoke was ac ually issuing fom the drain ; and it a’so 
showed the stflite of the ground, the point of the probe indie iting the nature of the 
soil at the bottom of the trench. A third test is the water test to the main drain of 
a house. The pipes have to be stopped up at both ends in order to be filled with water, 
and some upright part* formed, or selected, for the purpose of observing if the 
drain hold the water, or the reverse. The ends of the branches into it having been 
also stopp^ up, the water may then be turned on, and the pipes filled to a part marked 
on the upright pipe. It is then to be carefully watched to ascertain if the water /aIU 
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below the mark ; ahould it do bo, it at onae proves that there is a leak somewhere 
(James Stewart, senr.) 

1888 r. AmDDg other general and special recommendations (Woodward, in R.I.B.A. 
TraMoottonSf with additiont*), are the following: — 

1. Constant supervision during the laying of drains, to secure good workmanship 
both in the laying and jointing. 

2. Dra ns are best Liid when tlie carcase is completed and the roof put on. They sra 
not required sooner, and they are then less likely to be disturbed. If left for a later 
time they may probably be hurried over. 

3. Wherever possible, drains should be laid outside the bouse. When inside, their, 
direction should bo indicated on the floor by a sufficient width of the floor material being 
laid so as to be easily taken up at any time to obtain complete access to the drains. 

4. All old drains and cesspools, and all soil which has been in contact witli or saturated 
by any of them, should be entirely removed from the premises. 

5. Junctions should always be made by a gentle curve or bend with the length of th^ 
|)'pe, and never at a right angle. 

6. A regular and uniform tall should be secure*!; a too great fall may rapidly carry 
away the liquid while the soil remains. 

7. The pipes should, if the soil be soft, be laid in a bed of concrete or on well-tempered 
clay puddle, and formed to suit the curve of the pipe. 

8. The joints of all pipes should be well socketed, and the pipes should have a full 
bearing on the bed, not being allowed to bear only on the joint, so that channels should 
be formed in the bed, or be cut out for the sockets to rest in. 

9. The joints should be carefully cemented or clayed in all round ; not the least 
particle of cement or clay should remain on the inside of the pipes, us on hardening it 
forms an obatructiou and the nucleus for stopping the dram. 

10. All traps should be earthenware syphon traps, wich inbts and covers, with ready 
access for cleaning out. Grease traps for scullery smks should be ready of access for 
periodically removing the grease, which otherwise passes into the drain and assists in 
forming an obstruction. These traps should be ventilated. 

11. As flushing plays an important part in all systems of drainage, the waste water 
from sinks, baths, rain-water pipes, &c., should pass down the house drain. Lately, in 
some systems, those have been kept distinct from the soil drains ; but as very little water 
accompanies the one emptying of a water closet apparatus, there is much danger of soil 
remaining, an evil which is avoidtd by the flushing obtained from the other sources. 

12. At the junction of pipes a shaft or inspection chamber should be formed, with a 
proper cover, to allow of access to the pipes, and by which rods may be passed up and 
down the drain in case of a stoppage. 

13. Before the drain enters the sewer, and outside the house, a shuilar shaft sliould be 
built, with a stone or iron cover well cemented down, and a syphon trap fixed on the 
sewer side of the shaft, with a ventilating pipe carried up well above the roof of the house. 

14. All overflows, wastes, and rain-water pipes should discharge over an open gully 
trap, and not be connected direct into the drain. Where practicable, gully traps should 
be fixed outside a building. 

15. Air inlets should be fixed as far as possible from windows and doors. 

16. If the drain has but a slight fall the use of a flushing tank is indispensable. 

1888s. The importance of sanitary inspections may be shown in the necessity of some 

modifications to the existing drainage of a house. The following remarks and sugges- 
tions will be useful to the investigator: — “It cannot be too strongly impressed on the 
public mind, that to make a house fairly safe from dangerous inroads of sewer gas (or 
smell), as it is termed, is not by any means a gigantic undertaking. In the cose of a new 
house, an architect of ordinary professional capacity is quite alive to the modern ideas of 
sanitation, and he will no doubt see that, so far as his client permits him, all that is 
proper to be done is thoroughly candied out. The difficulties become apparent when he 
has to deal with an old house, the drains of which he knows nothing about ; but even 
here the task of securing safety from poison from the sewer is not such a very hard one. 
Take, for example, an ordinary itreet home. The water closet apparatus is of the old 
kind, perhaps set in an apartment in the centre of the house, without any communicatioo 
with the open air. The sink waste is directly connected with the drain, supposed to bq 
protected % an old bell-trap, which is of liUle use. The cistern has the old standing 
waste pipe, also directly cpnnocted with the drain, and serves the sink as irell. as thq 
water closets. The rain-water pipes are also directly connected with thedYai^s, which 
run under the kitchen floor or basement passage, and uninterruptedly onwards to the old 
ir<m flap trap (at the sewer), which, if it exists, or is in right action, is the only oppos- 
ing force to direct contact with the main sewer in front. 

1888 ^. “ Now this is, apparently, a very alarming state of things, to be remedied only 
(some would say) by the removal of pipes, cisterns, and apparatus throughout the house, 
inVK^fing perhaps the dislocation of everything in it, and the substitution of the netf* 
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#o(lc of tiTongements of tnodorn aaoiutioa If Uia dieat be wiiliof to eoirf out theft 
elaborete notions, there can be no objootion to hie heviog them; but for the dess 
the following will, in ordinary eases, be snfiicient to arreet duiger; iint e nppotiiig that 
the water elosets, sinks, and cisterns, are in a proper state of repair, and that the drains 
or other pipes are all clear. 

1888tf. Take up the paring of the frout area where tho main drain runs through to 
the sewer. Gut out a length or so of the drain, and build, in O inch brickwork, a shaft 
3 feet ’by 2 feet. Bender it inside in Portland cement. At the bottom let in a half 
drain pipe, and at the sewer side ftx a syphon trap. Connect with the shaft two i-inch 
drain pipes, one on either side of the sh^c ; or carry up a 4-inch gnlranized iron pipe a 
short distance to form inlets. If a rain-water pipe be near at hand, the joints may be 
caulked, and it may be connected with ihe shaft by one of the pipes ; carry it well up 
above the roof, and treat it as the outlet ventilator. If a rain-water pipe is not near at 
hand, carry up fifom the shaft, and well above the roof, a separate 4-inch galvanized iron 
ventilating pipe. Cover the shaft w»tJi a York stone, or iron cover, and the drain job is 
done. As reg^s the water supply, the cistern should be well cleaned out periodically, say 
once a month, Md there will not be much to fear in that direction.*’ — Woodward, London 
€L8itis and as it might be, read at Boyal Institute of British Architects, and printed in 
Tramactiom, new series, vol. ii. p. 4d. 


Skct. II. 

BRICKLAYING AND TILING. 

1889. Bricklaying, or the art of building with bricks, or of uniting them by cement or 
mortar into various forms, includes, in the metropolis, and mostly m the provinces, the 
business of walling, tiling, and paving with bricks or tiles, and sometimes pi istering ; but 
this last is rarely, if ever, undertaken by the London bricklayer ; though in the country 
the trades of bricklaying and plastering are usually united, and not unfrequently that of 
masonry also. The materials used have been described in a previous part of the work, to 
which the reader is referred (1811. et seq,), 

SHoaiNa. 

1889a. It is ad visible that the student should be acquainted with the mechanical prin- 
ciples involved in the construction of shores, and the nature of the forces which are 
brought into play. G. H. BlUgrove, in Shoring a^id its Application, 1887, writes : 
** Though the student has to learn tho principles of Shoring, the practising architect 
has to apply them, often in the utmost haste, to prevent the most disastrous conse- 
quences, and occasionally surrounded with the most perplexing difficulties. Viollet-le- 
Duc says: ‘Nothing enhances the respect of workmen for the architect like his being 
Tcady to shore properly . . . and nothing is more satisfying to the eye than a 
system of shoring well combined and well executed.’ ” The author divides his book 
into Raking, Flying and Dead Shoring, Needling, Centreing, Timbering for Excavations, 
Underpinning, and Straightening Walls. In Raking Shores is explained the danger 
of using timber unnecessarily heavy for the purpose, and the danger of the vertical 
sinking of a wall, causing the shores to separate it; also the advantage of shoring 
against the floors, and the proper precautions to be taken for shoring, of a more per- 
manent and efficient kind than the rough and ready shoring so often resorted to. In 
the case of Flying Shores there is the risk of their sagging, though this may generally 
be obviated by using trusses, particularly when the flying stores are in more than one 
height. Little has to be said about “ deed shores,” but the rough way in which they are 
often put in is detrimental to the building. In the chapter on Needing the necessary 
precan tious are carefully stated, but the proper calculation of the strength of the needles 
IS ftot urged. Tlie devices which have been put in practice at times to save expense, 
viz., the iron frames which enable the bressnmmer to be rolled in lengthwise, the case 
where the bressumroerhas to be enclosed in the frames, then got in para* lei and rolled end 
on to its place, and where it is only put in parallel, are also explained. Two devices are 
not noticed : one where the middle of a wall has to be removed, but where an arch can be 
turned; the arch form is marked in chalk on both sides of the wall, holes beginning at 
the skewbaeks are successively cut to the shape of the arch by men working on both 
sides, and the segments are then built in and wedged up, until the whole arch is turned 
without using needling, and, when the deii|etit has set, the brickwork below is cut away. 
The other is execut^ thus : narrow iron girders, not exceeding one-toorth of the tlnokttsss 
ef the wall, are cut in, and flzed on both skies, then York stone is pinned in os the top of 
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thm, etmnmsting tbe two girders, which are also bolted together* The bnektrork below 
is then temored^ This sj^tem will in most enses sup^ede all others. Careful adri e is 
piren fbr shoring up defective arches and vaults ; and a Frenellj {dan of stippo) ting centre- 
ing on wood by pistons fitted into iron cylinders filled with sand; by this means the 
centreing can be accurately slackened by letting out the sand. The familiar methods of 
Timbering Excavations are given. 'Where the earth will not s^and, sheet piling is re- 
commended, 4 ft. wide, but 4 ft. 6 in. is generally considered to be the least width in 
which men can conveniently excavate. In Underpinning, the author points out the 
difiloulties of shoring when the defects have arisen from^ the ground being too soft; he 
shows the shoring necessary for crushed piers and columns, and adverts to the move- 
ments occasioned by underpinning, on parts apparently too distant to be aflTected by 
them. Descriptions are ^ven of the methods employ^ in straightening walls, as at 
Armagh Cathedral, Beverley Minster, snd St. Albans Abbey. (G. Aitchibon.in R.I.B.A. 
ProoeedingB. The MtehaniuB of Shoring , in Butldiiig Newa^ Sept. 14, 1877, p. 249.) 

1890. The tools used by the bricklayer, who has always an attendant labourer to supply 
him with bricks, mortar, &c., are — 1. A brick trowel, for taking up and spreading the 
mortar, and also for cutting the bricks to any required length. 2. A hammer, for cutting 
holes and chases in brickwork. 3. The plumb rule, being a thin rule, 6 or 7 inches wide, 
with a line and plummet swinging in the middle of it, in order to ascertain that the walls 
are carried up perpendicularly. 4. The level, which is about J 0 or 1 2 feet long, with a 
vertical rule attached to it, in which a line and plummet are snspendtd, the use of which is 
to try the level of the wsdls at various stages of the building as it proceeds, and particularly 
at the window sills and wall plates, d. The large square, for setting out right angles. 
6. The rod, for measuring len^s, usually 5 or 10 feet long. 7. The jointing rule, about 
8 or 10 feet long, as one or two bricklayers are to use it, and 4 inches broad, with which 
they run or mark the centre of each joint of the brickwork. 8. The jointer, which is of 
iron, shaped like the letter S. 9. The compasses, for travei-sing arches and vaults. 10. The 
raJeer, a piece of iron having two knees or angles, dividing it into three parts at right angles 
to each other, the two end parts being pointed and equally long, and standing upon contrary 
sides of the middle purL Its use is to rake out decayed mortar from the joints of old walls 
for the purpose of replacing it with new mortar, or, as it is called, pointing them. 1 1 . The 
hod, which is a wooden trough shut close across at one extremity and open at the other. 
The sides consist of two boards at riglit angles to each other ; from where they meet a 
handle projects at right angles to their union. It is used by the labourer for conveying 
bricks and mortar to the bricklayer ; for which purpose, when he has the latter office to 
perform, ho strews dry sand on its inside, to prevent the mortar from sticking. 12. The 
Jmsjpimr, which are ot iron, for fastening and stretching the line at proper intervals of the 
wall, that each course may be kept straight in the face and level on the bed. The pins have 
a line attached to them of 60 ft to each pin. 13. The rammer, used f ir trying the grounti, 
as well as for beating it solid to the utmost degree of compressiou. 13. The iron crow and 
pick axe, for breaking and cutting through walls or moving heavy weights. 14. The grhui^ 
ing stone, for sharpening axes, haftimors, and other tools. The following ten articles relate 
enti ely to the preparation and cutting of gauged arches. 16. The hanker, which is a bench 
from 6 to 1 2 ft, long, according to the number of workmen who are to work at it. It is 
2 ft. 6 inches to 6 ft. wide, and about 2 ft. 8 in. high. Its use is for preparing the bricks 
for rubbed arches, and for other gauged work. 16. T]%i9iii6cr slip, a piece of wood, 
usually about half an inch thick, with at least one curtUlt edge, rising about 1 inch in 
6 feet, for drawing the sofite line of straight arches. “When the other edge is curved, it 
rises about half that of the other, that is, about hulf an ioch in 6 feet, for the purpose of 
drawing the upper line of the arch, so as to prevent it becoming hollow by the settling of 
the arch. The upper edge is not always cambered, many preferring it straight. The slip 
bring sufficiently long, it answers the width of many openings ; and when the bricklayer has 
drawn his arch, he delivers it to the carpenter to prepwe the centre for it. 1 7. The robing 
stone* This is of a cylindrical form, about 20 inches diameter, but may be less. It is fixed at 
one end of the banker, upon a bed of mortar. After the bricks for the gauged work havp 
been rough-shaped by the axe, they are rubbed smooth on the rubbing stone. The headers 
and stret(*hers, in return, which are not axed, are called rubbed returns and rubbed headers 
and stretchers. 18. The bedding stone, which is a sUaight piece of marble 1 8 or 20 inches in 
lei^th, of any thickness, and about 8 or 10 inches wide. It is used to try the rubbed side of a 
brick, which must be first squared to prove whether ite surface be straight, eo as to fit it 
upon the leading shew hack, or leading end of the arch. 1 9. The square, for liryiog the 
balding of the bricks, and 8(jaariDg the sofites across the breadth of the bricks. 20. The 
bevel, for drawing sofite line on the face of the bricks. 21 . The mould, for forming the 
face and back or the brick, in order to reduo6 it in thickness to its proper taper, one edge 
of the mould being brought close to the bed of jthjs brick when squai^. The mould has a 
notch for every course of the arch. 22. The a spike or large nail, ground to a sharp 
pdnt, to mark the bricks on the face and back py the* tapering edges of the mould, f jr the 
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purpose of cutting then. 28. The tin saw^ uted for cutting the sofite lines about one eighth 
of an inch deep, first by the edge of the level on the fSace of the brick, then by the edge oi 
the square on the bed m the brtok, in order to enter the brick axe, and to k^p )he bricK 
from ^Itiog. The saw is also used ior cutting the sofite through its breadth in thediree- 
tion of the tapering lines, drawn upon the face and back edge of the brick ; but the cutting 
is always made deeper on the face and back of the brick than in the middle of its thickness, 
for the above-mentioned purpose of entering the axe. The saw is also used fur cutting the 
false joints of headers and stretchers. 24. The Ifric/: axs, fpr axing off the sofites of bricks 
to the saw cuttings, and the sides to the lines drawn by the scribes. The bricks being 
always rubbed smooth after axing, the more truly they ere axed the less labour will be 
requisite in rubbing them. 25. The tem^AeU This is used for taking the length of the 
stretcher and width of the header. 26. The chopping blocks for reducing the bricks to their 
intended size and form by axing them, it is matie of any piece of wood that comes tr 
hand, from 6 to 8 inches i^nare.and generally 8upp«»rted upon two 14-inch briek piers, if only 
two men work at it ; but if four men, the chopping block must be lengthened and supported 
by three piers, and so on according to the number employed at it. It is about 2 ft. 3 in. in 
height. 27. flodt-atonCt which is used for rubbing curved work to a smooth surface, 
such as the cylindrical backs and spherical heads of niches, to take out the axe marks. It 
is, before applicatioi to them, made of a form reversed to the surface whereon it is applied, 
so as to coincide with it as nearly as poss ble in finishing. 


Bonding, 

1891. Before adverting to the h&nd^ as it is technically called, of brick walling, which ii 
the form of connection of the bricks with each other, it must be observed that in working 
walls not more than 4 or 5 feet should be brought up at a time; for as, in setting, the 
mortar shrinks and a general subsidence takes place, the part first brought up, if too large 
in quantity, will have come t.o its be iring before the acent parts are brought up, and thus 
fissures in the work and unequal settlements will take place. In carrying up any particular 
part above another, it should always be regularly sloped back to receive the adjoining parts 
to the right and to the left. On no account should any part of a wall be carried Jiigher 
than one scaffold, except for some very urgent object. 

1892. Previous to the re’gn of William and Mary (1689-1702), brick buildings in 
England were constructed in what is called Engliah bond; and subsequent to the reign m 
qnestion, when, in building as in many other cases, Dutch fashions were introduced, 
much to the injury of our houses’ strength, the workmen have become so infatuated 
with what is called FUmiah bond, that it is difficult to drive them out of it. To the intro- 
duction of the latter has been attributed (in many cases with justice) the splitting of 
walls into two thicknesses ; to prevent which, expedients have been adopted which would 
be altogether unnecessary if a return to the general use of English boud could be est*- 
blislied. 

1893. In chip. i. sect. ix. of this book (1508. et aeg.) we have spoken generally on 
walls; our observations here, therefore, in respect of them, will be confined to brick 
Walls and their bond. 

1894. English bond is that disposition of bricks in a wall in which (expect at the quoins) 
the courses are alternately composed of headers and stretchers. In brick walling, and indeed 
in stone walling also, a count licieaDS the horizontal layer of bricks or stones of which the 
wall is compost, being contained between two faces parallel to the horizon, and terminated 
on each side by the vertical face of the wall. The mass 
formed by biick or stones in an arch are also termed courses, but 
Viceive the natne of concestric courses. The term header ie 
applied to a brick or stone whose small head or end is seen in 
the external face of the wall; and that of stretcher to a 
brick or stone whose length is parallel to the face of the wall. 

£ngli»h bond is to be underbtoud as a continuation either 
of header or stretcher, continued throughout in the same 
coarse or horizontal layer, and hence described as consisting 
of alternate layers of headers and stretchers (fig, 616.), the 
former serving to bind the wall together in a transverse direc- 
tion or widthwise, and thus prevent its splitting, whilst the 
latter binds it lengthwise, or in a longitudinal dire^ion. None 
but the English bond prevents the former occurrence, as work 
executed in this wav when so undermined as tocaun a fracture, 
separates, but rarely breaks through the solid brick, as if the 
wall were composed of one enriro piece. 

1895. The ancient Roman brickwork was executed on this 
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inineiple ; and its extraordinary durability is as much to be attributed io that sort of work 
bcini^ used far bonding it together, as to its extraordinary thickness. 

1896. In this, as Well as Flemish bond, to which we ^all presently come, it will he olv 

served, tliat the length of a brick being but 9 inches, and its width inches, in order to 
break the joints (that is, that one joint may not come over another), it becomes necessary 
near the angles ta interpose a quarter brick or bat^ a, called a queen cloeer, ia order to pre> 
i.erve the continuily of the bond in the heading course. The bond, however, may equally 
be preserved by a three-quarter bat at the angle in the stretching course, in which case 
this last bat is called a king cloger. In each case an horizontal lap of two inches and a half is 
left for the next header. The figure above given is that of a two-brick or 18-inch wall, but 
the student will have no difficulty in drawing, on due consideration of it, a diagram of tbe 
bond for any other thickness of wall ; recollecting, first, that each course is formed either or 
headers or stretchers. Secondly, that every brick in the same course and oa the same 
face of the wall must be laid in the same direction, and that in no instance is a brick to be 
])laced with its whole length against the side of another, but in sucli way that the end of 
one may reach to the middle of the others that lie contiguous to it, excc])ting in the outside 
of the stretch ingppiourse, where three-quarter bricks, or king closers, will of course be neces- 
sary at the uiqplipll, prevent a continued upright joint in the face of the work. 'Tliirdly, 
that a wall at right angles with another will have all the bricks of the same level 

course in th#iUiM parallel direction, whereby the angles will be com])letely bondc*d. We 
shall close these observations with a recommendation to the young architect, founded on 
our own experience, on no account, in any building where soundness of work is a desidera- 
tum, to pcrni||«piny other than English bond to he executed under his superintendence. 

1897. Fleff^h bond is that wherein the same course consists alternately of headers and 
stretchers, which, in appearance, some may fancy superior to that just described. Such is 
not our opinion. We think that the semblance of stiength has much to do with that of 
beauty in architecture. But there is in the sufferance of Flemish bond a vice by which 
strength is altogether lost sight of, which we shall now describe. It was formerly, though now 
partially, the practice to face the front walls of houses withguaged or rubbed bricks, oi with 
at least a superior species of brick, as the malm stock ; in the former cases, the bricks being 
reduced in thickness, and laid with a fiat thin joint frequently, what the workmen call nptUty 
joint, for the external face, the outer and inner work of the same courses in the same wall, not 
corresponding in height, could not be bonded together except where occasionally the courses 
fell even, where a header was introduced from the outside to tie or bond the front to the in- 
ternal work. Hence, as the work would not admit of this, except occasionally, from the 
want of correspondence between the interior and exterior courses, the headers would be 
introduced only where such corrcsjjondcnce took place, which 
would only occur in a height of several courses. Thus a wall 
two bricks in tlndtaMlK, if faced on both sides, w'as very little 
indeed better thagfe tht — thin walls, the two outer half a brick 
thick, and the middle one a brick or 9 inches thick. Brick- 
layers having little regard for their character will, if not pre- 
vented by the architect, not pnly practise this expedient, but 
will also, unless vigilantly watched, when a better sort of brick is 
used for the facing, cut the headers in half to effect a paltry saving 
of the better material. In walls of one brick and a half in thick- 
ness, the strength of the wall is not diminished by the use of 
Flemish bond so much as in those of greater thickness, as may 
be seen by the diagram {Jig> 617.). Many expedients have 
been invented to obviate the inconveniences of Flemish bond ; 
but we think it rather useful to omit them, lest we should be 
considered as parties to a toleration of its use, for the continu- 
ation whereof no substantial reason can be assigned. As we 
nave before observed, all that can be alleged in its fa\our is a 
fancy in respect of its appearance : but were the English mode executed with the same 
attention and neatness bestowed on the Flemish method, we should say it was equally 
bcautiftil ; and therefore we shall thus close our notice of it. 

1898. The two principal matters to be considered in brick walling are, first, that the 
wall be as strong as possible in the direction of its length. Secondly, that it be so con- 
nected in its transverse direction that it should not be capable of separating in tliicknesscs. 
To produce the first, independent of the extraneous aid of bond timbers, plates, &c., it is 
clear that tlie method which affords the greatest quantity of longitudinal bond is to be 
preferred, as in the transverse direction is that which gives the greatest quantity of bond in 
direction of the thickness. We will, to exemplify this, take a piece of walling 4 bricks 
long, 4 bricks high, and 2 bricks thick, of English bond : in this will occur 32 stretchers, 
24 headers, and 16 half headers to break the joint, or present one joint falling o%cr another. 
Now, in an equal piece of walling constructc/1 in Flemish b6nd, there will occur only 2Q 
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tlr«tdbert and 4S headers ; from which the ipreat superiority of English bond may be at 
once inierrecU ^ ^ ^ 

1899. Bond Timtm sliould be used in pieces as long as circumstances will admit. In 
walls where the thickness will allow of it, some prefer that the timber should be laid in the 
eenire, so that when it decays no material damage is done. Also that in case of fire, the 
bond timber is hot affected by it. If so placed, when dressings of wood are required, 
wooden plugs must be provided to which to secure them. When a fire occurs and the 
bond b next the inside face, it is burnt out, and the strength of a thin wall, say 9 or 
1 4 inches thick, is seriously affected thereby. Two or three tiers in the height of the room 
are usually employed. 

1899u. However useful timber may be in bonding thin walls whilst the brickwork is yet 
gteen, it has for some years been entirely superseded by hoop iron bond. This consists of 
narrow and thin strips of iron (see SMiTHcay) laid between two courses of bricks. The 
iron should be tarred and sanded, the former as a preservative from rust, the latter to 
afford a firmer hold to the mortar. Some authorities go so far as to state that hoop iron 
bond, unless it is set in a cement course, is not so efficient as wood bond. A tier of bond is 
placed in each three feet of height, one strip of iron to each half brick. Ins^ensive works, 
or in special cases, two, three, or more, tiers are recommended. In ad^MlMin the use of 
concrete on clay soils, it may be occasionally useful to build all the fool$i|p||t four or. six 
courses in height of brickwork in cement, each course well bonded with hoOpbpen, laid both 
longitudinally and diagonally; it is perhaps better than a course of Yorksiiire stone (par. 
1882.) as the bond is continuous. During the execution of the works, the iron is continued 
through all openings as with wood bond ; the latter is cut away when requisite, but the 
former should be turned down against the brickwork. The Japs at a junction should be care- 
fully made to secure tlie continuity of the tie. An addition to the plain hand of iron has 
been introduced, and TyermmiCs patent notched hoop iron bond has been extensively em- 
ployed. It consists in formlii^ a slight notch at intervals of 11^ inches on both sides al- 
ternately, and turning it up in succession, in contrary directions, forming a triangular 
piece, whereby a better key is obtained upon the bricks and mortar. 

1900. Mortar Joints, The propriety of using mortar beds as thin as possible, has been 
inculcated in this work, and most specifications state that four courses of brickwork formed 
of the ordinary sized bricks arc not to rise more than 1 1 J ; sometimes 12 inches is named, ns 
the joints should not exceed Jths of an inch. When good mortar is used that sets rapidly, 
the joint might be thicker than thus tdlowed. In Roman and most Eastern work, the joint 
was usually 1 and 1] inches thick, and where the mortar has been good, such buildings so 
executed are sound after centuries of wear. “In modem practice, in all masonry and brickwork 
where strength is required rather than ornament, thick beds and joints of good mortar 
will be useful. Thin bricks or tiks will also be better than thick bricks, as the material 
will be Iretter burned, and consequently more enduring. More good nwrtar can also be 
used, which in such work gives strength." Such is the practical opiilioi|#f R. Eawlinson 
{Builder, xxi. page 152), who declares that “the proportion of mortar to rubble stonework 
should be about 1 to 3, that is, in 4 cubic yards of rubble wall ther^ should not be less than 
1 cubic yard of mortar. In brickwork (ordinary bricks) the pHiportion will be 1 to 4. 
If thin bricks be used, or if very small stone be used for rubble- work, the proportions may 
be as 1 to 1." it has heen urged that the peculiarity of early Norman masonry, even of the 
period of bishoj> Gundulph, is that of very thick beds of mortar, Mr. Kawlinson further 
adds, “ As a general rule, buildings whether of marble, limestone, sandstone, or of brickwork 
alone, or of brick and terracotta combined, which are ornamental in character, must all 
have thin joints and l>eds. Thick beds and joints of mortar would destroy the harmony of 
design by deteriorating the appearance of labour bestowed on the rich materials in such 
buil^nga** 

1900a. The fine joints of rubbed brickwork are formed by lime putty, being mortar 
reduced to the consistency of cream ; the bricks are dipped into it to take up a coating, and 
then driven close upon each other. Ashlar work is usually set in a putty formed of lime, 
white lead, and a small quantity of very fine sand. 

1 9006. The surfaces of many of the machine-made bricks are so hard as to prevent the 
mortar sticking, unless first coated with sand. Many walls on being pulled down have 
shown that the mortar had had no bold upon the bricks; a key had only been formed be- 
tween two bricks by the holes at their ends. A wall, though built in first-rate work, 
was easily shaken to pieces, even after it had been built four or five years. Bricks, espe- 
cially in liot weather, should be soaked in water (par. 1832a.); and even some of the 
courses of bricks should be sprinkled with water, to prevent the brick absarbing all tnois- 
ture from the mortar before tlie lime has bad time to crystallise. The walls, however, 
take longer to dry ; as is also the case when grouting (par. i860.) is employed An in- 
teresting communication from Norway has been printed in tbc JoumeJa of .lanusry, 1888, 
explaining how brickwork is carried on there in the winter; “such walls dry quicker than 
tlioae nised in summer." '|*he description is too long to be here further adverted to, 
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1900ie. Thtt nKnrtBr or eement should be stu^i oe will quioklf tet, to |itife?ent the super* 
incumbent weight pressing the joints closer, and thereliy causing settlements, whieli even 
with the greatest care, of^ take place unsqually. As often as it is conjectured, from the 
nature of the soil, or from the foundation being partly new and pertly old, that the work 
will not come to its bearing equally, it is better to carry up the suspected parts separately, 
and to leave at their ends wliat are called toothing by wbicii junctions may be made when 
the weaker parts have come jto tbeir regular sound bearing. 

1 900d. 'J he thickness of walls lias furnished the subject of previous pages : we shall 
therefore only add, that too much care cannot be bestowed on strengthening ail angles as 
mucli as possible, and well connecting the return of one wait into another ; that piers 
or pilasters are exceedingly useful in strengthening walls, inasmuch as they act by Increas- 
ing the base whereon the whole stands; and, lastly, that in carrying up walls to any con- 
siderable iieight, it is usual to diminish their thickness by set§ off as they rise. In 
liouses, above the ground-door, the sets off are usually made on the inside, having the out- 
side in one dice ; but, if it be possible, it is better to set off equally from both faces, because 
of the better balance afforded. 

19008. Joints in brickwork are finished on the face in several ways. The most common 
are the ‘ struck joint,* which is merely finishing the joint by drawing the point of the trowel 
along it : or * jointed,* as done by a tool called a jointer (par. 1890, art. 8), so as to leave 
a line impressed on the mortar : or * flush joint,' in which case the joint is drawn at top 
and bottom with the trowel when the brick is laid, and afterwards when the mortar is par- 
tially set, the middle of the joint is flushed flat with the * jointer ;* this is sometimes called 
a * high joint.* 

1901, A bricklayer, with the assistance of one labourer, can, if he be so inclined, lay in 
one day about 1000 bricks in common walling; but the trades unions now prevent him 
from laying more than about one-third that number. Occasionally, for a higher remune- 
ration some no||(ll||aion man may be found to lay near the former number, and then he 
would complete of brickwork in four days and a half, its area being 2I2j^feet super- 
ficial of the thicknitp of one brick and a half. When, however, there are many apertures or 
other interruptions lb his work, he will be proportionably longer ovef it. The weight 
of a rod of brickwork is about 18 tons. Generally it may be taken as eonristing of from 
4:300 to 4500 stock bricks, allowing for waste according to the 'quality of the bricks, 
27 bushels of chalk lime, and 8 single loads of drift sand* or 18 bushels of stone lime and 
.8 .J single loads of sand. In cement, of 36 bushels, and the same quantity of sharp sand. 
A rod of brickwork laid dry contains 5370 bricks. A cubic yard contains 384 bricks, 
and requires about 6J cubic feet of sand and 2| of lime. A ton of bricks contains about 
373 on an average. 330 well burnt bricks weigh generally about 20 cwt, so that a cubic 
foot weighs about 125 lbs. 

1902. Brick^nogging is a method of constructing a wall or partition with a row of posts 
or quarters 3 feet apart, whose intervals are filled up with occasional plates of wood with 
brickwork between. It is rarely more than the width of a brick in thickness, and the 
bricks and timbers on the faces are flush. It sliould never be used where thickness can be 
obtained for a nine-inch wall. A half brick- nogged partition will require about 500 bricks; 
a whole brick-nogged partition about 1000 bricks; and with brick on edge about 340. 

1902a. A half^brkk partition built in mortar is now adopted in many of the model 
lodging houses, sometimes with an occasional hoop-iron bond. These are built four, five, 
and six stories in height, the joists of the floors steadyin||^ them as they are carried up. Of 
course the apartments in such places arc small in all their dimensions, being about 12 feet 
9 feet wide, and from 9 to 9 feet 6 inches in height. A half-brick wall of greater 
dimensions may be built in cement, and when the floor joists are laid upon it, it becomes 
very steady, strong, and little likely to be injured by a fire. Thin slabs of stone have been 
used as partitions in small houses near a quarry. Tiles in cement with wood plugs in- 
serted for the dressings, make a sound partition, and w'hen plastered direct upon the tiles, 
it takes up much less room than a one-brick wall. 

19026. Many varieties of hollow bricks are made for a similar purpose. The ** patent bonded 
hollow bricks or rebated tiles ** ( fig, 6 1 7a.) of Hertslet and 
Co., were employed in 1846-7, by Henry Roberts in the 
model lodging house in George Street, St. Giles’s ; as also in 
the so-called Prince Albert’s model houses, erected in Hyde 
Park in 1851, and removed to Kennington Park. A is a 
bond stone ; B concrete, C floor boards, and D a tie rod. 

When used for partitions, or for roof and floor arches, these 
hollow bricks are fireproof, deaden sound more efTeotually, 
and are considerably ligber, than solid brickwork. Such 
bricks as a Uning to stone or flint walls, supersede the neoes- 
rity for batteninff. They are also well adapted for cottage 
flom Msthm can be made by any good tile macbinci 
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to the same manner as ordinary drain-pipes They are more compressed, re«|iiire less 
drying, and are generdiy better burned than ordinary bricks An interesting and complete 
|)aper on the subject, with illustrations on the English and French systems of making 
hollow bricks, is given in the Building AWs for 1858. 

1 902c. Hollow walis formed of ordinary stock bricks were employed for two-story cot- 
tages early in this century. Three methods are usually adopted in the construction of a 
wall. 1. All the bricks placed on edge, as fig» 6176, the stretchers and headers breaking 


joints, and the headers 
forming tlie bond. 
Many persons consider 
that this arrangemCLt 
produces a disagree- 
able appearance on the 
outside face, II. All 





the bricks laid flatways, 
but the stretchers arc 
sawn in half, so as to 
leave a space of 4jina 
between them ; and in 
laying the headers, as 
fig, 6 1 7c. cave must be 
taken only to fill up Fig. ci7c. 




with morlar the joints 

over the half brick on edge, so as to leave the middle of the joint open. III. To 
lay all the bricks flat in the usual English bond, leaving a space of about 2 inches be- 
tween each face, and to make up the thickness thus caused, viz. 1 1 or llj indies, by a 
bat to each header. This may be varied by using a less number of headers, and placing 
two or three stretchers together, according to the strength of the w^k required. At 
Southampton, and perhaps elsewhere, headers are not used, the two dfiiCts being bonded 
together by hoop-iron cramps (/y. 617d.), with forked ends, jgths T>j,th inch, tailing 
into the fro^s of the brick ^ ^ 

bend in the middle of its 

length partly as a strut < 

to the inside, and partly Fig. 6i7«i. 

to prevent any moisture Fig. ci7e. 

running along it to the inside face. A cast iron cramp (fg. 617f) is also made, Jinch by 
^ths in. thick, Jennings has adopted bonding brickn of stoneware for hollow walls, 
jp/y. 617y. shows the application of the three sizes; A is IfJj inches long, to be used in 
garden walls and otiicr places where an uniform face is not required ; B is 1 inches long, 



Fig. Cl-0. Pig, 017*. 


where but one uniform face is recjuircd (the brick is shown to a larger size in /ig. 6176.) the 
end of the bond brick being faced with a closure of tlie same material as the wall ; and C 
is a brick 9 inches long, when both faces are to be uniform, closures being used at both 
ends of it. A 16 inch hollow wall can be built with a 9 inch inside wall, a 2 inch space, 
and a 4J inch wall outside, and so on. Such a wall is of very common erection in North 
America, and it is found to stand very well for country villas of good dimensions. 

1902fl?. Much diversity of opinion exists as to whether the space so left should be 
ventilated by air gratings just above the ground, and also by others under the coping, to 
obtain a current of air and secure dryness if water be blown through the outer brickwork. 
In exposed situ.'itlons, especially on the sea-coast, if hollow walls are not built, either the 
wall has to be slated on the outside ; or it has to be battened on the inside, even when 
cemented on the outside, to prevent damp showing on tbe interior surface. Hollow cement 
blocks have lately been introduced in France^ .aifld are said to be cheap, as durable 
as stone, ventilation easily secured, and provide for the ready formation of shafts for warm 
air or for flues. The blocks have a resistance of 4S0 lbs. to the square inch, and are 
adapted to walls about 20 inches thick ns well as to partitions of less width. 

1902a. Mr. Taylor has adopted an arrangement of an interior face of common bricki 
% with an exterior facing block of a better manufactured- brick a, in the sha|Ni of the Icttiiik 
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I., leaving a cavity of 2 or more inches between 
them, 617i). 

1903. Groined arciies. Agroin is the angular 
curve formed by the intersection of two semi cylin- 
ders or arches. The centering for raising the more 
simple groins that occur in using brick arches, 
belongs to the section CARriKTRy. The turning 
a simple arch on a centre only requires care to keep 
tlie courses as close as possible, and to use very 
little mortar on the inner part of the joints. In 
executing a brick groin, the difficulty arises from 
the peculiar mode of making proper bond, at the 
intersection of the two circles as they gradually rise 
to the crown, where they form an exact point. At 
the intersection of these angles, the inner rib should 

be perfectly straight and perpendicular to a diagonal line drawn on the plan. After ttis 
centres are set, the application of the brick to the angle will immediately show in what 

direction it is to be cut. With respect to the sides, they aire turned as for common cylin- 

dric vaults. Mr. George 'lappen, an ar- 
chitect of great practical skill, introduced 
a method of constructing groins rising from 
octangular piers, which had the advantage 
of not only imparting strength to the angle, 
which in the common groin is extremely 
deiicient, but of increasing the space for 
the stowage or removal of goods, and fur- 
ther, of strengthening the angles of the ' 

groin in tlii.s construction by earning the < 

'hand round the diagonals (Jig. 611^.) of 
^qual breadth, and thus affording better 
bond to tlie bricks. 

J903ti. The Metropolitan Building Act, 

1855, requires that under a public way, 
an archf if it be employed, of a span of not 
more than 10 feet, is to he at least inches , 

thick ; when not exceeding 15 feet, it must / 

be 13 inches at least; and beyond that 
width the thickness requires special appro- 

batiun. If of iron construction or other incombustible material, it must be built in a man 
ner approved by the district surveyor. An arch over a public way must be formed in the 
above manner, but a span not exceeding 9 feet must he 8i[ inches thick at least. A like 
special approval is required if the arch or floor be of iron. 
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19036. Light arched Jlat ^oor.% composed of bricks cemented with gypsum or plaster, 
have been in common in Roussillon from time immemorial. Rondelet is of opinion 
that the segment of a circle is a better form for sucli arches than the low semi-ellipse. He 
describes apartments of 18 feet by 25 feet, as used at the War Office at Versailles, covered 
with hriek arches of which the rise was only -j’^tli part of the span and in five stories. 
The coach-houses and stnbUsof the Marshal de Belle Isle at Bisy near Vernon, were 
arched in an elliptical form, having a rise of j[th of their span, which was 32 feet 9| inches. 
They were not finished until a year after the walls and roof had been completed. The 
walls were built of rubble- work having chains of cut stone at intervals of about 16 feet. 
They were 2 feet 8J inches thick, being about equal to th part of llie span. These 
arches were formed of a double thickness of bricks laid flat, and in plaster, built in succes- 
sion, with the vertical joints broken. The haunches were filled up with rubble stone in 
plaster. The springing was formed by notches in the wall, above which the regular courses 
of stone projected inwards as gathering courses. Above all, a thir4 course of flat bricks 
was laid horizontally, foiming a pavement. Rondelet considers that arches of small and light 
materials cemented by gypsum become as it were one body, and exert little or no lateral 
pressure upon the abutments excepting at first, because that cement has a tendency to 
swell in setting. Rondelet relates tUgt^a stQpe of 40U0lhs. or 5000 lbs. weight was dropped 
upon one of these arches from a heiglft t# 4 or 5 feet, which made a large hole through the 
arcli, without doing anv further injury. If mortar be used the parts must be thicker, and 
the centering left, until the work has set Portland and Roman cement might be better 
than gypsum for work in England. Rondelet also states that it is better to use coved 
arciies apringlng from tlie four walls, than a common arch .springing from two opposite 
wallfi only. 
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1903c. Tlie arch brick Jhora, used in the dwMHn|^4br workmen at Birkenhead; by the 
architeott C. £. Lang, were 7 feet in span, worked in half* brick except at the springing 
and the skew-backs, with a few three-quarter and other parts of bricks inserted, so as to 
form a toothing or vertical bond with the concrete with which the spandrels were filled. 
The six or seven courses at the crown were wedged in with slate while the mortar was 
wet, and in no instance did the least subsidence take place at the crown, although subjected 
u> very severe trials, such as that of men Jumping from the walls upon the arches. The 
span of 7 feet is perhaps the limit of a half-brick arch turned in mortar with the ordinary 
rough brick. The arches rise about one inch to every foot in 8i)an. Tiles were laid in 
mortar on the concrete, which made the thickness of the floor at the crown of the arch 
5| inches. There were altogether about 1200 arches of this kind turned, and without the 
slightest accident. This explains the usuitl method of forming fireproof floors, by turning 
brick arches between iron girders, which are in large spans tied together at the springing 
by iron tie rods ; a subject which has been so often considered and discussed, and nowhere 
more so than at the Institute of Architects, as detailed in their Transactions, 

1903d. The Denuttt arch, A fireproof system, patented by Messrs. Dennett, of Not 
tingham, and used since about 1855. They execute a groin, dome, or circular ceiling of 
any len^i, width, or height, without tie rods or intermediate supports, at much less cost 
than can be done by any other fireproof material: circular ceilings of 36 feet diameter, 
with coffers in them, or any amount of decoration, can be executed on the soffits, and the 
upper surface can be finished smooth in itself, or with stone, wood, tiles cement, or asphalte, 
and a current of air ensured underneath. Very few iron girders are required. For floors, 
although in an arched shape, it is in reality a beam, as a complete floor can be turned from 
wall to wall, resting on a projection of brickwork, and the material be left without any 
abutment. Its durability equals stone ; and its strength Is equal to brickwork. The 
floors are bad conductors of heat; leave no harbour for vermin ; ventilating pipes may be 
laid in them, and also flues. The material (a concrete of broken stone or brick em« 
bedded in gypsum calcined at a red heat) can be be used for a sound-proof construction, 
when laid in the old method between wood Joists, as at St. Thomas’s Hospital. 

I903e. Three courses of plain tiles laid in cement and well bonded have been for many 
years employed for slightly curved roofs to form terraces ; roofs for cellars under paving ; as 
roofs over small back einiilftr purposes. Where the walls are well backed 

up. tie rods may ndt It has been asserted that the tiles should not be covered 

with the cement. |Rii|||H|H|Hpther cements laid on brick arches, or on tile, or on a flat 
concrete roof supportedl^mRTjlists ; also asphalted roofs ; all generally crack and let in 
wet, especially where tliere is any traffic on them, or their foundations are not perfectly stable. 
At Austin and Seeley’s artificial stone works. New Road, flat roofs, floors and steps are 
formed in their material. The terrace roofing is formed of plain tiles in three courses, 
rendered on the top to the thickness in all of about 4 inches, carried over by arches slightly 
cambered, springing from small brick piers, and tied by light iron rods, which form 
their chord line. 'I'hese flats have an immense weight upon them, and are cast in one 
piece, as it were, there being no perceptible joint; they are completely water-tight, and can 
be ca.sily cleaned, 

190.3/. Light arches may likewise be formed by placing thin iron plates between joisting 
of iron or wood, bending them to a slight curve, and filling in above them with concrete to 
form solid work. MaUet's buckled wrought iron plates, are usually made in square or oblong 
shapes, having a sligiit convexity in the middle, and a flat rim round the edge, called the 
fillet. These platea are considered the best form yet devised for the iron covering of a plat- 
form, and are usable for the above purposes. 'I'liey are often placed so that the convex 
part is compressed, and the flat fillet stretched; when they give way under an 
excessive loa^ it is usually by the crushing or crippling of the convex part. The safe loads 
given in the tables published by the inventor, for a plate 3 feet souare, } inch thick, and 
with 1 *75 inch of curvature, are 4*5 tons for a steady load, and 3 tons for a moving load. The 
square form, supported and fastened at all the four edges, is the most favourable to strength. 
The buckled plates used by Mr. Page for the platform of new Westminster bridge measure 
84 inches by 36 inches, with a curvature of SJ inches, and thickness of j inch ; they bear 
n tons on the centre without giving way (Rankine, Civil Engineering), 

1903^. In India, where all buildings of any importance have flat roofs, the long estab- 
lished practice is to form them of tiles, mostly 12 indies square and finches thick ; in 
Calcutta they are generally 18 inches square and 2 inches thick. These tiles are made 
with great care : they are burnt the same as pottery, and are used both for roofing and for 
flooring. In roofing a room of 20 feet span, it is first covered with teak beanu 1 2 inches 
deep by 8| inches broad, placed 3 feet apart, which dvry hurgaks or joists, 3 inches square, 
fixed Ifoot apart, and on these the tiles are placed in two layers carefully jointed with each 
other. Above them is laid 6 inches of concrete, formed of broken bricks and lime, spread^, 
evenly and beaten down to 4 inches, and beaten until the mam is dry ; finally it Is plaetei^ 
and rubbed or polished. If well made and of good materials, it is hnpervtoofs to wet, «i|| 
will last as long as the timber under it. 
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1903il. A tosr, or ^en a flat roof, patented by JBannett hi I8d8, is formed of hollow 
bricks, haring the two sides each composed of two parallel inclines, snd eadi About half 
the depth of the block, connected by a horisontal or nearly hmrisontal plane, and the two 
inclines on one side are parallel with those on the opposite side. Through these bricks 
tie rods are passed, and secured at each end to wall plates formed of angle iron ; the whole 
is then crewed up, when the bricks form a slight curred arch in section, and from^tbejn- 
clined sides they over and underlap one another and mutually give and receirp Bvq>pqrt 
from the neighbouring blocks. This invention has been carried to 21 feet span with a rise 
of about 2} inches, and about 13 feet wide. Other arches have been constructed for the 
purpose of testing its bearing powers. One of the latter, 15 feet beween the bearing 
walls, and 2 feet 8 inches wide, was loaded with 4 tons 10 lbs. (or 267 lbs. to the square 
foot), and was quite elastic. The deOection was about ^ths of an inch. The bricks are 
put together with Poland cement and sand. Each brick is 10| inches long, by Of inches 
wide, and 6 inches thick, and weighs 21 lbs. 100 square feet comprise : — 

tons c'd't. qrs. lbs. 

3 46 bricks, weighing • - - « - - -17 0 21 

Cement and sand - - - - - - - >023 19 

Angle iron and tension bars (bars being 4 feet apart) > 0 2 2 6 

Total weight per square ^ - 1 12 2 17 

1903t. Pots and jars and hollow bricks have all been used in arched work to reduce its 
weight. Sir John Soane employed jars in the dome of the Kotunda at the Bank of 
England, which is about 66 feet in diameter. In floors of arched work either iron ties 
must be used to prevent the walls being forced out, or iron girders employed, thus subdi- 
viding the length, and the work arched across the length, i.e. between each girder. The 
Buiider of 1849 records the use of hollow bricks in the vaulting of St. George’s Hall, at 
Liverpool ; and Daly’s Bevite GhtUraie for the same year, the use of such bricks in walls. 

1903^. The Indians about Nagpore build their stone vaults \n a peculiar method, which 
might be followed with advantage in some cases in this country. At the springing, stones 
of a considerable depth are used, having the intrados cut to the form of the curve ; six 
courses are laid, the upper one having a groove 6 iuches wide and 2 deep. Then 
stones of a smaller depth are laid, each having a groove cut in one face, 2 inches in depth 
and 4 inches in breadth, with a corresponding projection in their other ftice, the groove 
being on tbo upper side to receive the projection formed in the next course. About eight 
courses having been laid, it then becomes necessary to prevent the work from falling in- 
wards. At every 10 feet in length two strong rods are placed horizontally across the 
chasm, and the ends are forced into the grooves. From these courses as from a new base 
similar grooved stones to those already described are continued, the length of each 
course contracting until the key course is inserted. W lien this last course is completed, 
the rods are sawn across at either end of the finished vault, and the work continued. When 
the arch or vault is of considerable span, a series of bases may be adopted, each at higher 
points than the other, until one part is keyed. A slight scaffolding supports the work- 
man, but no frame or centreing is used. 

1903/. In view of a fire, and for the preservation of property and life, fireproof floors 
should be more constantly insisted upon to replace the common wood floors, which (as has 
been described^ usually “consist of one inch of boards and one inch of postering to separ- 
ate each stoiy in a dwelling.” Even these can be improved by some modern inventions. 
An American {Wiffht) method is by fixing flat interlocking fireclay tiles, carried by iron 
clips screwed to the underside of tie joists, the underside of these tiles being grooved to 
formed a key for the plaster. A space of 2 inches is thus left between the plaster and the 
wooden joists, and as the tiles themselves will stand almost any heat that can be brought 
to bear on them, the joists are absolutely protected ; on the upper side fine concrete or 
pugging might be usm. This system can be affixed to existing floors by simply backing 
off the lath and plaster, and it is probably qujte new in this country. (J. Slater, Acts 
InveniionSf in Boyal Inst, of British Architcfjts, Thtnsaoiions, 1887.) 

1903m. In the so-called “flats” and suites of offices, the floors are now generally 
formed of fireproof construction. There are many modem systems. The core or 
material used to fill in between the wrought-iron joists, which are placed 2 feet to 3 feet 
apart, is generally determined by local circumstances, or the patent of the inventor of the 
system. These are, metallic concrete, coke breeze, pit or river ballast, broken stone, 
broken brick, well-burnt clay ballasts granite cbippings, pumice, pots, dec., all generally 
wt in cement. This prepamtion if covered by an asphaltic, granitic, or metallic surface. 
Lastly, the upper surface is finished with a floor of boards nailed tP small wood joists 
or sleepers resting on the concrete ; blocks are also used for fixing them. 

1908a. Archibald D, I)auma^*s fireproof flooring is stated to be the simplest, cheapest,, 
strongest ever introdae^; suitable for all buildings to 40 feet span without 
^ Jolamna, being composed only of steel or iron joists enuiedded in a high class con 
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«rcte» finished fiat on both sides, forming a solid block of one thickness, absolutely iode> 
strnctible. 

'1903o. Homan and Bodgeri flat brick fireproof fioors. They are constructed with haul 
bricks, jointed in cement, and bonded on the upper face with tough concrete. The 
doflkof the finished floor is 6 to 9 inches. **By the method of laying, the ironwork 
isjBm^ted from the action of fire. The brick spflit forms a key for the plaster ; no 
UflPw counterceiling are necessary, hut, where desired, wood blocks can be fixed in the 
soffit to receive the ordinary lath and plastered ceiling, then making the most perfect 
sound-resisting fireproof floor known. The concrete being tough instead of friable, the 
boarded finish may be nailed down without the use of sleeper joists ; but, since serious 
failures show that wood embedded in concrete, asphalte, or pitch, is liable to decay, it is 
recommended to use an inch strip as a sleeper fillet, which will also provide ventilation 
and space for gas and water pipes.** The floor is stated to have no thrust. 

1903p. Lindsay and Co.’s patent system, wherein a steel decking is introduced, and 
also their patent trussed concrete flooring. The steel flooring is manufactured of two 
different strengths, varying from 4 inches to 14 inches in depth, and suitable for spans of 
from 15 feet to 50 feet clear. It is stated as perfectly and equally distributing the floor 
loads to the surrounding walls, and as acting as a complete tie to the building; not 
affected by settlements of the walls ; and is 30 per cent, lighter than ordinary arched floors. 
The trussed fireproof flooring is laid with pum’ce concrete, enclosing small joists joined 
by steel truss rods twisted together every 18 inches; or formed as an arch underneath 
between girders to 14 feet span. A slab of this concrete, 2 feet span and inches thick, 
was loaded to 22 cwt on the foot without injury. For a space of 30 feet the depth of the 
decking is only 5 in. to support a load of l^cwt. per foot super. Brick partitions can be 
placed on this decking and concrete in any position, independent of walls or girders under- 
neath. This flooring has been largely used in the National Liberal Club, by R. W. Edis, 
architect. The top table is made thicker than the sides, and the sectional strength is 
thereby greatly increased, and the various sections are riveted together at a point which is 
very close indeed to the neutral axis. The concrete is called “ pumice concrete,” as it is 
very light and tough ; considered to be a^ood material for constructing roofs, domes, &c. 

1903j. The Doulton-Peto ’* patent fireproof flooring, in principle consists of a series of 
liollow blocks of stoneware placed between rolled iron joists, making a flat ceiling, which 
may bo plast.€rod or not. The iron girders are fixed in the ordinary way, but not so 
dose together as usual. The tile next to the side of the girder is specially shaped to set 



Fig. t\7L 


against and beneath it, so as to isolate it completely. The fig, 617/, show's tiles 
made for a fiat ceiling, and set in cement; if no ceiling, then the under side is made 

smooth to receive whitewash, &c. The 
tiles for ordinary floors aie 6 inches 
high and about 1 foot thick. The floor 
is stated to be one-third lighter than 
concrete or brickwork. A flat roof can 
also be formed with them. Where an 
arch is desired between each girder, 
another form of springer (fig. 617wi^ 
has been adopted. It has stood the 
test of upwards of 6 cwt. to the foot 
dead weight on material only, and with 
Fig. 617m. an arch of 6 feet span and quite flat. On 

an arch of 8 feet span a cask of graphite weighing 7 cwt. has been rollod and rocked, the 
vibration doing no injury. A Are has been lighted beneath, making it red hot in parts, 

. and wliile in that state a hose has been turned on with a considerable pressure of water 
without the least effect. It has also been tested with unevenly distributed weights, and 
with vibration and concussion, all which it has successfully withstood. This flooring has 
been nsed throughout at the London Pavilion, where it was found very adrautageoas 
firom its lightness, the speed with which it was constructed, acd its cleanliness. Alaige 
building of four stories at Messrs. Boulton’s factory has been similarly constructed by 
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that firm ; the trader side af the flooring has not been plastered. {Builder ^ Dee: 19, 1 885, 
p. 877. Traneojctione of the Royal Institute of British Architects, 1886, p. 130.) 

I90dr. Bunnetfi patent floor consists of hollow bricks laid in the form of a flat arch, 
resting on angle irons tied together by tension rods. Each brick is so arranged ^ to 
receire support from six adjoining bricks. Measures^ patent floor consists of iron joists 
with iron flllots 9 inches apart, at right angles to the joists, and resting on their lower 
flanges, and cement concrete filled in, embedding joists and fillets. Hyatt'» patent dove- 
tails corrugated iron sheets are used for fire-resisting iron and concrete floors, ceilings, 
and partitions, giving great strength combined with lightness. Partitions can bo made of 
Portland cement, concrete, and iron, only two inches thick, the iron being completely pro- 
tected. The Wight fireproofing Company of America has introduced many novelties {Builder^ 
1887, p. 704). Porous terra-cotta is made in America by mixing sawdust with the clay; 
having been burnt it was perfectly fireproof, and although spongy, unless dipped in water 
it was not absorbent, but was rather a dry material, besides being one of the best non- 
conductors of heat and sound. It weighed about half that of ordinary brick. It was 
used to line outside walls to keep them perfectly dry ; also as fixing blocks, because the 
nails could bo driven into it more easily than into deals. It makes a good fireproof roof 
by placing sheets of it on the flanges of JL iron ; it c<ime a little above the edge, and the 
slates or tiles could be nailed directly on this. Fireproof flooring bricks were made of 
terra* cotta, and were a great saving in strength of materials. 

1903s. A concrete floor to the various stories of a building has often been formed, but 
not always with success. A system is explained in the BuUder for April 3, 1886, which 
should be well studied. Concrete slabs, the largest of which is 21 feet by 12 feet 6 inches, 
of an average thickness of 13 inches, sustained the great loads and rudely impactive 
forces of a wholesale provision trade, in a warehouse at Sunderland, erected by Mr. 
Frank Caws, whoso description, though concise, is too long to be here inserted. 

1G03^ If properly mixed, care taken in laying, and thorough cleansing of all broken 
materials used, then the results may be satisfactory. To receive stone paving and for 
tramways, concrete is laid in successive layers of cement and gravel in proper propor- 
tions, not too moist, for the requisite thickness, well beaten down with iron beaters. For 
a floor finish, a thick layer of about an inch of the cement and gravel finished off with a 
smoother, care being taken cot to work up too fine a surface. The proportions to be used 
are 1 part of Portland cement, 4 of gravel, and 6 of broken stone, the latter to pass 
through a 2i-inch ring. Concrete flat floors are cheaper and equally as strong as arched 
floors, and should be at least frera 6 to 6 inches thick. Such a floor will carry a safe 
load of about 6 cwt. per superficial foot. One tested went further. It was made of 1 of 
cemoDt, 3 of gravel, and 3 of well-washed broken stones to pass a l^-inch ring, the 
finishing Isyer being of cement and gravel. The Portland cement should be tested, for 
its proper strength is of importance, (John Garthwaite, of Liverpool, 1885.) 

1003m. For town buildings these various patents afford the means for obtaining flat 
ron/s, which have many advantages for the inhabitants, as affording a promenade. They 
have to be thoroughly well constructed. Two of the latest constructions are at the new 
City police station, Cloak I^ane, Cannon Street, having a superficial area of 2G00 feet, 
formed of iron joists, carrying concrete covered by a layer of one inch of the finest Pyri- 
mont-SeysFel asphalte, the skirtings being of the same material ; a thin layer of very fine 
and clean pebbles from the sea shore were applied to the surface while hot. The other 
roof is to the Army and Navy Auxiliary Supply Association in Francis Street, Westmin- 
ster, having a superfices of about 12,000 square feet, and is of the same construction. 

CONCRBTB BUILDING. 

1903v. The Metropolitan Board of Works have approved of sucli structures, and have 
made the following regulations to be observed in their formation : — 

I. The concrete to be used to be composed of Portland cement and of clean Thames 
ballast, or gravel, or crushed smiths* clinkers, or brick burrs, or small broken 
stones, or any hard and durable substance ; and each to be passed through a 
screen having a mesh not exceeding 2 inches in diameter. Sand to be in, or 
added to, such materials in the proportion of one to two. .All such materials to 
he perfectly clean, and free from all greasy, loamy, or clayey matter. 

II. These materials and cement to be mixed in the proportion oi not more than 8 parts 
of material as aforesaid, by measure, to one part by measure of the best Portland 
cement. 

III. In making the concrete, a box 2 feet by 4 feet by 2 fret, or other like proportions, is 

to be used for the materials other than the cement, and another box, capable of 
holding one sack or half a cask containing 2 bushels, is to be used for the cement. 
The. cement and ^he materials are to be turned over at least three times, and 
f thoroughly mixed together with water. 

IV. Tlie iffalls pf the buildings to be carried up all round in regular layers with con-^ 

Crete thus eomposed, and grouted with cement in the proportion of 1 of cement 
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to 2 of clean sharp sand after each layer, until the walls are wjmpleted in heiftht. 
The grout to be made as mortar first, and then thinned with water to the 
necessary consistence. 

V. The concrete to be well and thoroughly bound together, so as to secure the com* 
plete adhesion of the materials and work during its progress. 

VI. The thickness of Walls tO be equal, at the least, to the thicknesses for brickwork 
prescribed in the Building Act. 

VII. Suitable cores to be used for fines, and also for recesses. Flues to be formed wit^ 
stoneware or fireclay pipes, not less than half an inch in thickness, unless 
properly pargeted. 

VIII. Dcor and window frames to be built into the wa^ls. 

IX. The portions of the party walls and chimney stacks above the roofs of buildings to 
be rendered externally with Portland cement. 

X. The rules of the Metrop^itan Building Act, 1866, sts to the use of timber in walls, 
and other rules of that Act, so far as they may be applicable to concrete buildings, 
are to be observed. 

This concession was made after many attempts to obtain it, by Philip Brannon, 
by Tall, Drake, and others. Mr. Wonnacott read a paper in 1871, On the Use of Portland 
Cement Concrete as a Building Maierial^ which enters fully into the merits and demerits 
of this construction. It was supplemented by another paper, Bemarks on Concrete 
Building ^ by A. W, Blomfield, who summarises the whole thus : The chief advantages 
are, I. Cheapness; II. Strength and durability; III. Rapidity of construction; IV. 
Economy of space. The cliief drawbacks are : I. Its liability to failure, from the use of 
improper materials, or from the want of knowledge and proper care, or from the wilful 
misuse of good materials ; II. The limits which the material and method of construc- 
tion impose on architectural design and decoration. 

IBOSx. J. Tall advertises concrete construction for cottages; door and window frames. 
Brake and Co,^ concrete building apparatus ; dovetailed self-fixing building slabs; marble 
and granite facing bricks ; fireproof floors, doors, staircases, wall tiles, &c.; window heads, 
copings, terminals, steps ; marble concrete baths. W. H. Lascelles has, panelled slabs 
and concrete backings screwed to stud work; walls built of Potter's patent cement slabs; 
plain and moulded concrete forms of all varieties in building and ornamentation, as 
window sills, doorjambs, gables; concrete ceilings ; and chimneypieces. The Eureka 
Concrete Company has steps, sills, strings, balusters, fireproof floors, mantelpieces, 
thresholds ; copings ; a concrete door of four panels, hung in position and fitted with lock, 
Faifja's concrete, hardened by his new patent process. J, Wright and Co. have made an 
“improved concrete lintel,” having a curved upper surface and a T iron passing through 
it lengthways ; with their fixing block inserted to receive the sash or door frame. See 
also par, 18642. ; and Abtificial Stoijb. 

1903y. In 1887 Mr, W. Simpson read a paper before the Royal Institute of British 
Architects entitled Mud Architecture^ relating many methods of construction of similar 
materials in various countries; further interesting references were made in the discussion 
and correspondence of that year. 

190.3aa. Cowcretb and cement blocks. Blocks formed of Roman cement, pnzzuolana, 
lime, and sand, were soon su^sted for such a purpose. Those made without the 
cement were found to be longer in setting, but eventually became the strongest. To these 
combinations potsherds were added, as Pliny relates was in use in the time of the Uomuns ; 
increased toughness resulted. The late Mr. Walker, engineer, possessed specimens of 
Dutch terras, which had been used in Woolwich dockyard in the reign of George III. 
These were of very great liardness ; in fact, gunpowder had to be used in breaking up the 
dock where it had been employed. For concrete and mortar for the river wall of the 
Houses of Parliament he us^ two measures of sand, 1 of pnzzuolana, and 1 of lime. Mr. 
Lee used Portland cement, Portland stone chippings, sand, and shingle, in blocks in cubes 
rf 16 feet and upwards, made in moulds, for the breakwater at Dover. Mr. Blashfield 
had made experiments for that work with Lancashire terras mixed with broken tiles and 
sand ; but it was not deemed equal in hardness to the Portland cement concrete blocks. 

190366. Atkinson's or Mul grave cement was used by its patentee for concrete blocks of 
shingle, sand, and cement, itsed as ashlar stone in the case of a house at the corner of 
Mount Street, Grosvenor Square, still standing in a substantial coildition. Concrete in 
small blocks, known as Ranger s patent ortifiHod stone, been used to a limited exten^n 
the construction of domestic buildings. It was employed in the additions to the College 
of Surgeon^ Lincoln's Ion Fields, 1836-6; a guard-house in St. James's Park; the 
Imperial Assurance Ofi^, in Pall Mall ; and in a row of houses in the Western Road, at 
Brighton, partly in blocks and ]»artly in moalds as pii6 work. This process is not con- 
tinued, probably from tbe mortar not being properly mixed in the first instance, and the 
concrete being exposed too soon to the action of the iveather, for it dries unevenly, and 
a^acks in all directions. 
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100300. BuckmW$ Granitic Breccia stone was patented about 1 858 to compete with brick- 
work in price, its Btreo^thand durability being greater, and its bulk and weight con- 
siderably less. It WM impermeable to wet and nerer regetated, so that for pavements 
and linings for tanks it app^s to have answered well ; bnt for some reason, not ascer- 
tained, the manufacture of it was lately given up. It could have been manuiactured in 
a single piece, of a weight varying from 1 cwt. to 60 tons or more ; also in slabs from 5 
feet to 100 feet superficial ; and to contour. Wheeble's Beading Abbey patent oonorete 
stone, formed with Bridgewater stone lime, when made into a brick, was &und to be equal 
in strength to a common stock. Some specimens never attained the stren^h of concrete 
except in a case where large gravel or flint was the chief ingredient. Messrs, Bodmei^s 
patent compressed stone bricks, compounded chiefly of 1 part of hydraulic lime and 7 of 
siliceous sand, well mixed, are subjected to great pressure in moulds. Upon removal, 
the bricks are piled up in the open air, when induration commences, and the material is 
converted into stone. They appear to be ready for use after six weeks’ to two months* 
exposure, and experiments show a steady progressive increase in strength as they advance 
in age. When eleven days old they crushwi at 3*77 tons; at twenty-two weeks from 
6 4: to 6*95 tons ; and at sixty-three weeks a pressure of upwards of 8 tons was reached 
without eflfect. 

190Zdd. Coignefa Bkon Jgglomhi has been employed in France in the construction of 
a church in the park of V^sinet, near St. Germain, from the designs of M. Boileau, and 
into the construction of which he has also introduced cast and wrought iron. The biton 
is formed with all the mouldings of Gothic architecture both externally and internally. 
It was built similar to pis4 work, though it is also applicable for blocks, like stone, in 
which manner he has lately executed some bridges of 140 feet span. The very hard frosts 
of January, 1865, had not appeared to have had any effect on the biton at tne church, which 
was being executed at the time, and is described in the Builder for November, 1864 ; 
views are also given in the volume for 1865. It is stated that such structures cost only 
about one-half or perhaps one-third of the expense of a stone building, with greater 
decoration. 

1903ss. The system of building with concrete blocks at Sandown, Ventnor, and other 
places in the Isle of Wight, is weli adapted for constructing walls to ensure dryness. The 
blocks are about 18 inch^es wide by 12 inches high, and are of two thicknesses, those for 
the outer wall being 4 or 5 inches, and for the inner about 3 or 3^ inches thick. These 
are tied together by pieces of iron, leaving a space of about 8 inches between them. This 
forms what looks, to those accustomed to the 2 feet thick solid walls of Scotch houses, a 
flimsy wall, but it appears to be suflSciently strong for carrying another story over the 
ground floor; and with a few openings above and below for the admission of air into the 
space between the walls, forms a structure which, in a sanitary point of view, may be 
considered perfect. Some would prefer to have the inner wall of brickwork. 


1903Jf. Table of the Resistance to TnnusTiNa Stress of Nine 2-ikch Cubes of 
Concrete, bedded between Pine thrbb-eiqhtus of an inch Thick. By 
B. Kirkaldy, for W. H. Lascelles, May, 1881. 


Cracked slightly. 

SemarlcB. 


Stress. 

Per 

sq. inch. 

Per 

iq. foot. 

Builder, xL p. 649. 


lbs. 

lbs. 

tons. 


1 

19,162 


308*0 

Neat cement, made Dec. 15, 1880. 


18,628 

4,657 

299*4 

Ditto. 


16,298 

4,074 

261*9 

Neat cement, made March 8, 1881. 


12,982 

8,245 

208*6 

8 of cement to 10 of ground material, made 



Jan. 18, 1881. 

5 

12,248 

3,062 

196*9 

Ditto. 

6 

8,488 

2,122 

136*4 

1 of cement to 4 of ground material, made 



Jan. 1, 1881. 

7 

8,023 


129*0 

Ditto. 

8 

5,888 

1,459 

93*8 

of cement to 4 of ground material, made 



Jan. 1, 1881. 

9 

5,796 

1,449 

93*1 

Ditto. 


I993y^. The use d concrete has extended from the foundationfi of buildings, backings 
of wbiwra, retaining walls, and abutments of arches, to the 6m|doyment of it for the 
backing of vaults to produce a level surface ; for the suhetance of fireproof floors ; for 
the base of floors, jpavements, and roads ; for the waUsi floorst, dec. of oouses, bridgee, 
apd moles ; and vamus other purposes* 
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1204. Many ornamental brick cornices may be formed by but little cutting, and 
changing the position of the bricks employed, and soTeral, indeed, without cutting, by 
chamfering only. Of late years the machines for making bricks hare permitted the ex- 
tensive use of moulded bricks of different forms, which have entirely superseded the 
more artistic advantages of cut brickwork to required outlines or ornamental details. 

1905. Niches may be formed in brickwork. They constitute the most difficult part of 
the bricklayer’s practice. The centre will be described under the section Carpbntby. The 
difficulty in forming them arises from the thinness to which the bricks must be reduced 
at the inner circle, as they cannot extend beyond the thickness of one brick at the crown 
or top, it being the usual as well as much the neatest method to make all the courses 
standing. 

1906<i. Flues. It has been an established rule to build flues 14 inches by 9 inches, 
14 inches square, or larger, for kitchen fireplaces, because it suited the size of the bricks 
and bonding, contained a sufficient amount of superficial area, and afforded a space for 
a boy sweeper to ascend them. Since then circular pipe flues, 8, 9, 10, 12 inches diameter, 
or oblong pipes with rounded corners, have been adopted by many, the inside being 
smooth. These are easily swept, and no lodgments of soot and brick rubbish take place. 
An objection has been made, if the pipes be glazed, that during a storm, or other con- 
cussion, the soot falls down into the room if the register flap be not shut. These pipes 
make good work at the gatherings. It is almost an invariable rule to make the flue the 
same size throughout ; there is also the theory that the flue should bo made larger at the 
top, and also smaller at the top, similar to a factory shaft. Also that a tail-hoy is useless, 
for the top should only be finished by a terminal of a few inches, just sufficient to divide 
the rushing currents and allow them to pass between oach pot. The fireplace should be 
covered over at the usual springing line by a slab of stone, or concrete, or iron plate, 
with an aperture in the centre of the size of the intended flue. On this the brickwork is 
carried up. Above it, in the breast, has been formed a chamber with sloping sides, to 
counteract any down draught. 

19055. A brick flue \b pargeted inside to ro:|p||^t smoko proof, that the velocity of the 
draught should be assisted or improvad, and i^prevent ns far as possible the lodgment 
and accumulation of soot. The parget, which is a morrnr made of a mixture of lime and 
cow-dung, should be sparingly applied, but sufficient to fill up open joints and all irregu- 
larities in th« brickwork. If applied thick, it shrinks and cracks, and falls off, and 
assists in making a chimney smoke. It is now recommended to use the ordinary mortar 
for this purpose, tho brickwork being kept as smooth inside ao possible, by careful 
pointing, as it has been found more successful for a number of years. 

1905c. Paving. When neither slate, granite, Yorkshire or other stone, flint, nor shells, 
are used for paving, recourse is had to bricks, tiles, and asphalte. A yard superficial of 
hrick paving i-equires 32 to 36 stocks laid flat ; 48 to 52 laid on edge ; 36 paving bricks 
laid flat, 82 on ^ge ; 140 Dutch clinkers on edge ; 9 twelve-inch tiles; and 13 ten-inch 
tiles. Brick paving is laid^a^ in sand ; jointed in mortar; jointed in cement ; and laid 
on fdge, in the same manner. Tile paving is generally laid in sand or mortar [par. 22825). 
Besides the ordinary brick, some others have been introduced, especially for stables and 
yards, such as the Terro-metallic grooved bricks^ and Towers and Williamson’s Adamantine 
clinker paving bricks for stables and yards ; it is stated to be superior to the old Butch 
•clinker m shape, colour, density, and wear (par. 1829). Tebbutt’s patent safety brick 
for stables and yards, &c., is considered to ensure perfect foothold, drainage, easy 
cleaning, saving in labour and straw, to form a durable floor, and to have a good appear- 
ance. Each brick is 6 inches by 10 inches by inches ; and the gutter brick is of the 
same size. Homan’s Quartz, Granite and Ferrolithic stone paving, for streets, public 
buildings, breweries, warehouses, stables, schools, &c. Bennett’s improved Granitic 
stone, for pavements, &c. (1887), is said to bo fire, damp, and vermin proof; tho surface, 
though hard and indestructible, is not slippery, it does not absorb moisture, it is laid 
from U to 3 inches in thickness, is unaffected by the weather, and hardens by time. 
Macleod’s Metallic concrete is proof against fire, vermin, damp and frost, not slippery, 
and can be used for paving, wall linings, roofing, &c. It is very hard, and has been used 
in stabling, breweries, workshops, &c., from before 187C. Stuart’s Granolithio and 
impenetrable pavement (1869), is very largely employed in this country and abroad. 
Wilkes’ patent metallic piving and Eureka conttete is used at the war office, the fire- 
brigade stations, and police stations. W. B. Wilkinson & Co. patent a sj^cular granitic 
concrete pavement, which is formed in 15-inch squares of 1^ inch thickness, ground 
perfectly flat, presenting a spotted appearance of red and different shades of grey 
colours. It may be laid on ordinary mortar, can be used for outeide purposes, and is 
stated to cost less than tiles, 

' I905<f. Ordinary tile paving \% made of about 8, 9, 10, 11, or 12 inch tiles, of a hard 
and well burnt clay. The 11-inch tiles used in the footpaths, which are each 14 feet 
6 ioclies wide, of new Westminster bridge, were made bv.Blashfield, and were laid diagoo* 
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ally (pcrr. 1830). The Staffordshire paring tiles, in bine, red, and biiff, are yeiyddrable, 
and for general purposes as effective as the more expensive o^lities for inlaid purposes. ' 

1005^. Floors ana paths are often finished with a face off inch, 1 inch, or If inch of 
PortlHnd cement. They are considered to be best laid with the cement and sand thoroughly 
mixed and just wetted sufficient so that a handful pressed by the hand will not fall to 
pieces when the hand is opened. This laid down, and water brought throng it by the 
hand fioati stands well. Plasterers do not like to use it so stiff To repair any worn 
places the old cement should be thoroughly wetted before the new work is applied. 

1905/. Here may be mentioned the use of encaustic or inlaid tiles for paving; of 
mosaic tiles and of tessera for mosaic work, whether for pavements or for wall decoration ; 
the Homan mosaic pavement; the Venetian marble mosaic tiles; Italian marble mosaie 
and marble mosaic granite. There is also a patent wood mosaic^ made of small blocks ef 
wood, end grain, and prepared in tiles to pattern 6 inches square. 

1905^. To clean dirt off tiles, dilute muriatic acid, i.e. spirits of salts, may be used, 
but it must all be wiped off, and after washing, the moisture^ must be wiped off with a 
clean dry cloth. 

190dA Asphalts has now taken the place of mokt other sorts of manufactured pave- 
ments of the same character. A solid foundation is prepared by a bed of concrete of 
hydraulic lime and gravel, with a layer of finer concrete over it, to fill up the vacuities/ 
When dry, the asphalte is put on, of a thickness for private purposes of about fths of an 
inch ; for public purposes, from one to two inches : it should be applied as hot as 
possible. A small quantity of pure quick lime is added to the asphalte when in ebullition, 
to prevent it melting by tbe heat of the sun. This material has been much used for 
threshing floors of barns, for malt-houses, armouries, tun rooms (sometimes from 2 to 2J 
inches thick), dissecting-rooms, dog-kennels, exercising yards, mills of many kinds, 
granaries, verandahs, and numerous factories and buildings. Eor carriage traffic, the 
asphalte is embedded with small Guernsey granite chippingn This material is not 
suitable for any floor where oil, tallow, or other greasy ] M||p> r- is employed. The 
Polonceau and Seyssel Asphalte Company indent the BU]t |||||j |pto small squares, 
affording a foothold for horses in a stable ; this is also considHl useful for flat roofs 
and paving generally. The granite rock and Seyssel asphaltes, foriloors, paving, &c., are 
considered a certain preventive of damp and vermin. The Val de Travers compressed 
and mastic asphalte, for roadways, &c., roofs, basements, stables, warehouses, breweries, 
reservoirs, slaughteivhouBes, markets, laundries, lavatories, &c. The Limmer Asphalte 
Paving Company, and the Soci4t^ Fran 9 aise des Asphalte, are also engaged in paving the 
thoroughfares of London and elsewhere. Wright’s marble tar pavement for yards, play- 
grounds, &c. has been used for the platforms of the Windsor and the Waterloo stations, 
and in the middle part of the quadrangle of Somerset House. 

Tiling. 

1906. The tiler’s tools are — the lathing hammer, with two gauge marks on it, one at 
7 inches, the other at 7^ inches. The lathing staff, of iron, in the form of a cross, to stay 
the cross laths and clinch the nails. The tiling trowel, to take up the mortar and lay it 
on the tiles ; it differs from the brick trowel, in being longer and narrower. The bosse, 
made of wood, with an iron hook, to hang on the laths or on a ladder, for holding the 
mortar and tiles. The Uriker, a piece of lath about 10 inches long, for separating and 
taking away the supeifluous mortar at the feet of the tiles. The iroowi, to sweep the 
tiling after it is struck. 

1907. Tiling is the operation of laying the tiles on a roof for the covering of the building, 
and is effected with either plain or pan tiles; the former is the most secure description. 
Plain tiles are laid at different gauges (see par. 2301). 210 plain tiles laid fiat will cover 
a square of tiling, which can be laid in a day by a man and his assistant. As old tiles are 
of a much better consistency than those now made, it may be desirable to re-use the best 
of them with new tiles to fill in ; in which case the old ones are laid with the best effect 
in courses, say three or four rows of new and two of old tiles ; or laid in a diapered 
pattern, according to the quantity. Pan tiles are generally pointed in mortar, which if it 
he not very strong will not stick ; in consequence of this, tUed roofs require fresh pointing 
every few years, especially in- exposed situations. A practice has obtained of late years, 
when plain tiles are set in mortar, not to peg more than about one tile in ten ; this 
should not be permitted, as with the decay of the mortar the tiles slip down. An ancient 
custom prevailed, to bed the tiles in hay or moss, and when the roof is of the full pitch 
this BufficvS without mortar ; they may even then be laid dry. But with any less pitch, 
some precaution must bo used to keep out drifting snow, and such wet as may be blown 
up between the tiles lifted by the force of the wind. In lieu of oak pegs, extra large 
flat headed wrought nails, made of pure zinc or of zinc and copper, have been used, and 
it has the advantage of allowing a tile to be replaced from the inside of the roof, by 
lifting up the others to place in the tile and drop in the nails in a few seconds. Tho 
utility of the moiitar is questioned in the Builder for 1865, 
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1907a. Pan tiling is laid to a 10 inch gauge ; and 180 pan tiles will coref a square. 
From the frequent repairs necessary to tiled roofs, slating has become the most useful 
cotering, and is generally employed, except for the most common buildings. See par. 
2301, in Specifications. 

1907A Weather tiles were fixed either by nailing them to battens or boards, which 
rotted after about 20 years. Then nailing them to the mortar joints was bad, as a 
gauge of 3 inches was too small. 4 inches being the ordinary, gauge for tiles. Mr. R. 
Nevili got blocks made inches thick; and generally for the top story of buildings, 
to run in the inside of the wall two carriers and stretchers and a course of headers. 
Thus a course was obtained for each course of tiles. Weather tiling ought to be headed 
between the two tiles, and if they could get close to the wall the little space between the 
wall and the heading might be filled with cement. The bricks might be used on edge, 
thus giving a inch height, when the tile could be fixed to the joint. Where the 
4 inch gauge would not work, the tiler punched out a small hole at the side of the tile, 
when this gauge was obtained and the nail driven through the side of the tile : 8 inch 
French nails were preferable. (E. T. Hall.) 

1907c. The bricklayer has often to provide temporary covbhings to buildings whilst 
his other operations are being performed. The commonest method is that of merely 
nailing old boards laid weather-board fashion to any slope that may be desirable. The 
next is the use of tarpaulins supported by open boarding, and secured to posts or 
Bcafiblding rigged up for the purpose ; this must be efficiently done, as in case of high 
winds the whole may be carried away. Felt is also used for temporary roofs, for which 
purpose, likewise, Messrs. Rigg and Co. have a new material composed of canvas covered 
with a waterprcrofing substance having vegetable oil as a basis, and consequently not 
liable to the desiccating action of the rays of the sun. 

1907d. As the brickleyer has to provide for the removal of water refuse, so he has to 
provide for the depoeiMir dust, ashes, and rubbish, by a dust bin. This was formerly, 
and is still in many pImE built of brick with a wood cover, and is generally more than a 
nuisance. With the iKern arrangements for the periodical removal of dust by the 
parish or other local authority, the dust-bin need be no other than a galvanised iron recep- 
tacle for such ashes or articles as cannot be dried and burnt up in the kitchen or other 
fire (see Specifications). Burton’s Combination Bust-hina are of galvanized iron, and con- 
structed of such a size and shape as to stand side by side, each being removed and emptied 
separat^y. They form two, four, six, or eight in a compartment, each being 22 inches 
hi^i, 21 inches wide, and 14 inches from front to back, or about 3| cubic feet, a 
sufficient load for one man. When necessary, they can have a wood cover or be enclosed 
in wood or brick. An improved dust-bin is explained in Builder^ 1885, xlviii., p. 779. 

1907s. The difficulty and expense of removing this refuse has caused the invention of 
a refuse destructor on Fryer s principle. One is described lately as having twelve cells, each 
capable of destroying seven tons of house refuse every twenty-four hours. The smoke 
from these will pass through a furnace heated to 1500 or 2000 degrees Fabr. before 
pasing into a shaft 180 feet high. The waste heat from the furnaces will be utilised for a 
80 horse-power engine for grinding the clinkers into powder for making concrete slabs. 
Ko fuel is required, as the “ashes ” provide it. Leeds claims to be the first town to have 
adopted this invention. Mr. C. Jones, of Ealing, added a muffle furnace between the 
destructor furnaces and the main shaft, which eflfectually destroys the offensive properties 
of the gases and dust from the furnaces. 

Terra’‘Cutta, 

1908. The more modern use of this material includes the Persian and Moorish tiles, 
&c,, its use by the Italians during the thirteenth, fourteenth and fi^enth centuries, 
as at the cities of Milan, Pavia, Padua, Verona, Pisa, Bologna, Brescia, Perugia, Venice, 
&c. ; also in North Germany ; many places presenting examples of colour decoration. 

1908a. In England speoimens of torra-ooUa and moulded brickwork appear at Granby 
Church, Nottinghamshire, where at the east end is a window of considerable size, of Per- 
pendicular date; the whole of the jambs and tracery are composed of contemporary 
moulded terrarcotta. Layer Marney Hall, Essex, dating 1500-25, supposed of foreign 
manufiicture ; Wolterton Manor House, Norfolk, drc, 1500; the tomb of John Young in 
the Rolls Chapel, London, 1516 ; medallions at Hampton Court Palace, commenced 1615, 
perhaps foreign ; Sutton Place, Surrey, 1529; Eastbury Manor House, near Ilford, 1676 ; 
and other places. Generally it died out with the Tudor family. At the end of the 
sixteenth century nearly all pottery (except Onental) had been wnat is soft, and 

although much of it was coated with a hard and durable enamel not easily ix\}u^, yet 
the body could be generally scratched with a knife. In the seventeenth century stoi^ 
wars was sought after, and works for its manufacture were established at Stratford*le- 
Bow. Elm, from Nurembeig, settled at Burslem. 

19085. The first great advance was made by Ooade, an<^t later, Seeley, of Lambetb^ 
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l^egaa about 1762 to maka statues, bassi-rilievi, &e* About 1825 Bosin UMule the 
statues, oipitals, antefixss, aud other Greciao ornaments for St. Fancras Church. London, 
for the In woods ; and Babb executed in terra-cotta the frieze of the opera-house in the 
Haymarket, as also the pedimental sculpture and statues of Cumberland Terrace. Regent's 
Park. The terra-cotta made by Coade and Seeley was chiefly from the Foole clay, com- 
bined with flint and sand. It has withstood heat and frost, and is more perfect than the 
stonework or cement work around it of the same date, which in some cases has had to be 
painted to preserve it. Their well-tried ingredients and proportions of clay and siliceous 
materials, and the degree of vitrification, the essential to the durability of terra-cotta, were 
adopted by Mr. Fulham. One of the greatest revivals in pottery connected with architecture 
took place about 1833, when Mr.'W right, of Shelton, obtain^ a patent for making inlaid 
tiles, a patent bought Iw Mr. Herbert Minton, who improved upon it. The churches 
at Leverbridge. and at Platt, in Lancashire, by the late Mr. Edmund Sharpe, in 18I5| 
were important examples of the revival of the use of terra-cotta. 

I908o. At Buckingham Palace, near the stables, were placed, about 1836, several largo 
vases made by Mr. Blashfield ; these are in perfect preservation, while the stone coping 
on which they are placed is decayed. Ho also tumcKi out some of the best work ever 
made in this material, as at Dulwich College, 1866, and at Lady Marriane Alford’s houso 
at Knightsbridge. The facade of the Science Schools, in Exhibition Road, South Ken- 
sington, is a large and florid example. The Natural History Museum at South Kensing- 
ton, by Mr. Alfred Waterhouse, R.A., is of terra-cotta inside and outside. Mr. R. W. 
Edis has used it at the Constitutional Club in Northumberland Avenue ; and many other 
buildings of late years show its use. Among those in progress are the new Law Courts 
at Birmingham, which have been specially designed for its use by Messrs. Webb and Bell. 

1908^. In works of art^ as in sculpture, the artist has only to model the clay, as he 
is obliged to do before he commences to carve out the marble ; the clay is at once burned, 
and all the after labour on the marble or stone is saved. Still it is attended with soma 
risk, for an accident may happen in the burning, and then the modelling has to be redone. 
Large works should be done in conjunction with the potter, who would supply the proper 
clay, and see that the thicknesses throughout were as even as possible. The largest piece 
of sculpture ever executed in terra-cotta was the group of America at the Albert 
Memorial, executed in 1876 by Mr. John Bull. It consists of five figures, each 10 feet 
high, with a buflfalo of like proportion ; it is now at the Smithsonian Institute, Washing- 
• ton. Other similar, or ornamental, work can be finished up at once in clay by the artist, 
and burned, and are thus never repeated, in the sense of moulded work. Vases, 12 
to 15 feet circumference, are made as true on the upper edge as rubbed stone. They 
have cost less than if they had been moulded and cast in compo or cement, and tWy 
have the sharpness of the best carved stone. 

1908s. In 1880 it was alleged that English architects had not given to the architectural 
treatment of terra-cotta the. degree of attention and experiment which it deserves. Sir 
G. G. Scott, in Gothic Architecture ^ Secular and Domestic, 1857, wrote: “Terra-cotta 
seems the natural accompaniment of brick, but it should not bo used as an artificial 
8'one. It is the highest development of brick, and should be used as such. By a judi- 
cious use of brick, moulded as well us plain, encaustic tiles, and terra-cotta, wo might 
develop a variety of constructive decoration peculiarly our own.” 

190Q/’, A writer puts tlie use of terra-cotta and stone as follows : — “It is argued that 
it is improper, inartistic, and uneconomical to use terra-cotta constructively so as to 
imitate stonework, but it is eminently suited for surface decoration and architectural 
ornamentation, and when so used is capable of high artistic treatment at a moderate 
cost. Stone is a natural material, and when fixed every part of it does duty construc- 
tively. Terra-cotta is an artificial substance ; it is but a shell or case, which generally has 
to be filled up with concrete or brickwork in wailing, or with an iron core for a column, 
or with a giraer for a lintel, before it can bo used constructively. Terra-cotta used 
to imitate stonework is inartistic, for stone is worked with the greatest nicety, and fixed 
with perfect accuracy. With terra-cotta it is not possible, at its best, to secure perfect 
jointing^ or straight arrises; there is a monotony of texture in all its plain surfaces, as 
well as a ^neral inability in the material to acquire additional charm under the influence 
of the mellowing touch of time. It is not economical to employ terra-cotta in a way to 
imitate stone constructively. The rough stooe is brought to the works, squared, and fixed. 
The terra-cotta, however, arrives at the works in the form of a hollow body, to be added 
to before it can be worked in. Stone is easiljr corrected if it be found inaccurate ; whereas 
for terra-cotta, chipping, cutting, and rasping has to be pssorted to, to rectify twisted 
linM and other inaccuracies ; or gaps in a building left for a time until defective or 
deficieut blocks have been manufactured. As it is sent to the works so, probably, the 
material is fixed generally.” 

** Terra-cotta, as a superior sort of brick, has to be designed accordingly, and 
“ •tring courses, cornices, and aueh like places, where ordinary bricks so fixed are 
iMble to ba afi^tsd by tbs weather ; and when manufactured in small pisees, for refieti* 
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tlon work, it will come more true, will hare a better appearance than when in bJocki, 
and these will fulfill all constructive requirements ; while, as it can be bigbfy Moomted 
at a trifling expense, it can compete favourablj with stone similarly used. Without 
doubt, it is best adapted, both as regards form and colour, for a purely decorative 
material. It is true there is a great difficulty in combining stone and terra-cotta in the 
same building effectively; but brick and terra-cotta go well together, and wh^ used 
legitimately afford the happiest results. Ancient examples show its proper use, but not 
thi.t as a counterfeiter of stone.”— {W. Henman in BritUh ArohiteoU 1887, p. 106). 

1908A. For building purposes the great advantage of terra-cotta is the close and abso- 
lutely impervious character of the material. Whether the great advantage claimed for 
it as being impervious to the action of a London atmosphere, of the present day, is well 
founded or not, will have to be settled by the test of time, but theoretically it should 
stand better than any stone under the same conditions. 

1908f. Another writer remarks as follows : “What are the special characteristics of 
architectural treatment which terra-cotta demands in order to produce a satisfactory 
architectural and artistic result with the capabilities and peculiar character of the 
material? There are two points : 1. The size of the pieces is limited, and the material, 
while incapable of the high finish and precision attainable in stone detail, and still more 
in marble, possesses, before it goes into the kiln, absolute plasticity; it can be inodolled 
by the hand with great ease and rapidity, and with much variety. Large projections 
are unsuitable ; they cannot be carried out in a pure terra-cotta style, or without 
assistance, open or concealed, from other materials. Nothing should be attempted in 
terra-cotta architecture which is not capable of being honestly executed in the material, 
without the aid of concealed supports and ties. 2. The designer has before liim a 
material capable of endless variety of treatment, and the chief value of which consists 
in its artistic treatment. If a considerable amount of repeated ornament is required to 
be economically produced, it can be obtained by a mould more easily than in most 
materials; and this continuous ornament can be produced by hand with constantly 
Varying detail. The architect or designer may, in fact, be the actual worker of the 
ornamentation. With this, if s oneware be used, may be a considerable variety of 
colour, which is not only indestructible, but is susceptible of being cleansed, an important 
point in the midst of a town atmosphere. 

1908y. “The first really architectural use of terra-cotta was in the clay plains of North 
Italy, and it is from the productions of the architects of this district that much of the * 
inspiration of the modern terra-cotta' designer in architecture has been, or should be, 
drawn. The earlier specimens are of great simplicity, consisting of the simple moulded 
brick cornice in two or three projecting rolls one over the other. loiter came a gradual 
elaboration of ornament, especially in cornices, in panels, and on the face of pilasters. 
At the Certosa, at Pavia, the richness is carried in some parts to its greatest possible 
extent, and is a good example of the constructive ornamental details, but the whole is 
too overloaded. On the other hand, in the Church of the Carmine, at Pavia, the oriia- 
ment is for the most part confined to the cornices and horizontal strings, and is designed 
60 as to bring out some of the best capabilities of the material. The cornice has a flit 
outline, and a slight projection as compared with its vertical measurement. The main 
divisions of a Classic cornice are kept in view, while in this is a reminiscence of corona, 
bedmould, and frieze ; the effect which cannot be got by projection is sought by increased 
depth and by richness of surface ornament. The twisted ro]pe4lke string below what 
may be called the frieze, is easily carved out in a plastic material ; it is easy to mould ; 
the same may be said of the ornament above it. Other cornices may be found exhibiting 
a like treatment. 

1908^. “ The consideration of the difference which would have to be made in orna- 
mental detail in transferring it from marble or stone to terra-cotta, or painted and 
glazed stoneware, suggests another influence in the nature of the material which must 
also affect the ornament executed. However well mixed and burned may be the clay, the 
shrinkage and twisting in the kiln render it impossible to trust terra-cotta to give the 
precise, clear, and sharp symmetry of, say, Greek detail. It may be supposed that the 
manufacturers of the North Italian artUu devised the twists to, as it were, soften the 
resulting twist of their more immature material, ns compared with the modern manufac- 
ture, and also in order to avoid the hard straight lines and attempts at symmetrical 
detail, and to impart such a degree of irregularity in line that accidental irregularities in 
the manufacture would be the less observable.” The writer in the Builder goes on to 
design, and to explain the modifications he has made in, Greek details, to bring them 
within the proper scope of terra-cotta, and concludes ; 

1908/. “ Another point in regard to the general treatment of the walling of terra- 
cotta buildings is that in many of the Cinque-Cento terra-cotta buildings Uiere is fin 
entire absence of any attempt to obtain a completely homogeneous wall surf^e. The 
surfe^e is as varied and broken up in this respect as that of a brick building, thus rather 
proving again that it is t he material for varied and picturesque effect vatW than Ibt 
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■ymmeteical finiili and naatneu. It has an appearance of sorface treatment about it, 
which is much mm in harmony with the feehng of the Benaissance than of Gothic 
architecture, in which we look for the appearance of great mass and solidity, rather than 
of elegant surface ornament. This terra-cotta may offer to architects wishing to carry 
out a Classic type of design with great modifications, a material admirably suited to the 
conditions of modern city architecture.” {Builder, 1880, vol. xxxiz. p. 196, 230.) 

1908m. Large and f^e works of art, as busts, basBi-rilieri, ornameil$» &c., hare to be 
modelled and moMed in the usual way by the artist or sculptor. Ho gradually forms the 
clay into a sough outline, hollow, in a cellular way, propping his model true until k is 
quite finished and dry and ready for burning. This is an original terra-cotta. The 
trouble is great, but is fully compensated by the result. No moulded copy presents such 
vigour, freshness, and grace. When, also, only one or two pieces are required, as in 
decoration, they are formed by hand-working on the clay itself, as in the (Ase of sculpture 
above described. The more widely the knowledge of pottery is diffused, the more certain 
the architectural potter is to succeed in developing the use of argillaceous and vitreous 
substances, in the construction of monumental and sylvan works of art. It will be a 
new branch of work for the genius of the architect ; it will improve and advance the 
study of modelling in all its ramifications; and it will give refinement and taste to the 
labours of the poorest brickinaker. 

1908«. Cornices of great size have been made, and even portions of the sbafc of a 
column 6 feet long. Terra-cotta steps have been advocated, but Messrs. Doulton have 
refused to make them ; they have lately patented a tread (called the Sicilian tread) of 
great density, which may be used also as a nosing to stone or concrete steps. At South 
Kensington a flight of steps after two years* wear is still as perfect as when first fixed. 
Window sills, label mouldings, jambs, water tables, copings, sinks, fire hearths (with 
massive rounded edge to serve as a fender), stove backs, chimney shafts, &c., could be 
more elegantly and cheaply wrought in clay than in any other material. 

1908o. Qf late years terra-cotta has been used extensively for the facings and dressings 
of a building in the place of stone It is generally made of hollow blocks, formed with 
webs so as to give strength to the sides and keep the work true while drying, 

whereais, when required to bond with brickwork it must be at least inches thick. 
When ^aCfa c^^^ ength is needed, these hollow spaces are filled with lime concrete, or 
Homan as Portland cement is liable to swell and burst the terra-cotta. It is 

able to bear w very heavy crushing weight. A block of about 1 foot cube, without cross 
webs or filling, at 40 tons splintered at the edges ; and at 100 tons it became generally 
broken, but not crushed, as on being tied with string it remained in shape. 

1908p. The putting together of the material requires great care and consideration. 
The pieces may be flanged and rebated so as to hold together almost without the assist- 
ance of mortar. As the outer surface should be almost proof against any ordinary tools, 
alterations cannot be made as the work proceeds, and the design in detail must bo 
matured before the work be commenced. 

19085'. The disadvantages in the use of terra-cotta are neither numerous nor insuper- 
able. Besides the difficulty of getting the blocks true, which is a matter mainly for the 
manufacturer, the architect has to design his work so as to be suitable to the material. 
The ^eat difficulty is on the score of the extra time required to prepare the necessary 
drawings, one set for the builder, and another set made to the shrinkage scale for the 
manufacturer. These last are now often made by the manufacturer from the full-sized 
drawings supplied to him. Mr. Charles Barry writes : “ Perhaps the most embarrassing 
of the disadvantages is the arrangement necessary to have the terra-cotta blocks made and 
ready on the ground before the rest of the work is begun, in order to work in where 
wanted as the bricklayers progress. At times this is found impossible, and annoying 
delays in the general work take place, for which clients are apt to blame their archi- 
tect. The lesson, of course, to be learned from this is to carefully mature the design 
at the outset, instead of contenting ourselves with a mere sketch of what is intended, 
with the hope and intention of working in parts as time goes on and the work proceeds.” 

1908r. In good jobs it is recommended that the fixing should be done by or under the 
supervision of one or more persons experienced in the material, and the proper use of 
suitable cements — Portland cement will split a block in pieces — especially where most 
strength is required, as considerable additional strength may be gained, which is only 
acquired by practice. An expert will be more likely to make it work together for good 
line and fit, by setting and humouring, as the pieces are apt to be taken as they come ; 
and this is especially necessary where small pieces are adopted for simplicity of execu- 
tion, cheapness, and expedition ; time is an object for large pieces to dry, burn, and cool 
gradually, all essential to good work, and to escape from twisting, hair o^ks, &c. 

^ 19fi8s. Terra-cotta resists the aetiem of fire. It is used as a protectioa to ironwork, 
iron oolumni, &c„ and can be treated artistically. Heat which would destroy stone 
bums the dirt from this material, giring it the appearance of having just left 
the kiln. At n large fire at Messrs. I^ulton’s factory the stone sills of the windows 
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and oopiogs of the walls were destroyed, while the dressioM of the windowis, which wrere 
of their terra-cotta, were perfectly sound and looking all the brighter ior the burning. 

ColouTB in Terrorootta, 

1098^. One advantage of the material is the delightj^xl random variety of tone of 
colour which is often to be obtained. The colour varies, giving an appearance of depth 
to the work and producing very pleasing effects, at times. This variety is generally 
produced by the flash of the fire. The natural colours are buff, red, and blue, more or 
less intensified by the amount of heat to which they are subjected. Other colours can 
be obtained by the admixture of foreign matter. The red terra-cotta of Ruabon is made 
from a natural red-coloured day when burnt, very hard and non-p^rous, with a clean, 
smooth sorfiice. The buff terra-cotta is a good and sound material, burns hard, and 
keeps its colour. The pink terra-cotta, a new colour, is made from pure clays, and is 
without any stain, very hard and durable. By a little additional cost and the operation 
of a second firing, a soft dull glaze can be put on all terra-cotta bricks, mouldings, and 
ornaments, so that facades executed in this way could be washed d< an by water from a 
fire engine. 

19()8m. The aid of terra-cotta to polychromatic effect is capable of being developed in 
a very elaborate manner. Variety may be obtained in the unglazed, ware by what is 
called “ slipping,*' or mixing two clays of different tones together in water to produce a 
third or intermediate tone. In glazed terra-cotta the material can bo painted in a 
great variety of colours, which are then fixed, and at the same time rendered more 
brilliant in effect. This ware is formed by throwing salt into tho fire when the ware is 
at a white heat, which is decomposed in the form of vapour, the soda suspended in it 
incorporates itself with the surface of the ware, forming the glaze. Various mineral 
colours are used, and the main colour is influenced by the fuel : the blue colour of the 
ancient Rhenish productions is considered to be due to the use of woad. It has been 
stated {Archaolog iii. 112, and ProcecdingSt xi.) that at Gatacre Old House, near 
Bridgenorth, “a glazing seems to have been applied to the stone of which the house is 
built, by some unknown process, after the building was finished, as it covered the joints 
as well as the stones.” 

1908v. The intense heat to which glazed ware is subjected, and the consequent diffi- 
culty of keeping its true 8hape,^|B^es its use in this form very difiicult. It is compara- 
tively easy in all thrown ware, eiSich, from its circular form, shrinks evenly in all its 
parts. The liability in all moulded work to warp and twist requires increasing care in 
all its preparatory stages. That it is not impossible may be ascertained from the salt- 
glazed stoneware in the vestibule of the “Palsgrave,” opposite the Law Courts in the 
Strand. This greater risk seems to necessitate that “ its use must be in small pieces, 
and in such places where absolute flatness of surface is not indispensable; but under 
these conditions it may be applied with admirable effect to heighten mouldings, or to 
panel terra-cotta pilasters, or as bases and capitals, especially as shafts to ornamental 
columns, and ns bosses.*’ 

1908«;. The paper read by the late J. M. Blashfield before the Northampton Architec- 
tural Society, Sept. 6, 1859, on Ancient and Modern Pottery \ and that by Mr. James 
Boulton, read April, 1886, at Carpenters* Hall, on Terra-cotta^ have also been freely 
quoted from in the above account. 


Sect. III. 

MASONBY. 

1909. Masonry is the science of preparing and combining stones so as to tooth, indent, 
or lie on each other, and become masses of walling and arching for the purposes of building. 
The tools of the mason vary as the quality of the stone upon which they are to act. About 
the metropolis the value of stone is considerable ; and it is accordingly cut into slips and 
scantlings by a saw moved horizontally backwards and forwards by a labourer. In those 
parts where stone is abundant it is divided into smaller scantlings by means of wedges. 
The principal tools of the mason are the mMet and chiaeU^ the latter being formed of iron, 
except at the steel end, and the cutting edge being the vertical angle. The end of the 
chisel struck by the mallet is a small portion of a spherical surface, and projects on all 
sides beyond the adjoining part or hand- hold, which increases in magnitu(M towards the 
middle of the tool, to the entering or cutting edge. The other tools of the mason are a 
level, a plumb-rule, a square, a bevel, with straight and circular rules of divers sorts, for 
trying sterfiKOs m the progressive states of the work. 

1910. Ill Xfondon, the tools used to work the face of a ston^ are, successively, the jpoial, 
the i$oh tool, the boaster (the operation of working ^ith which is booking,, ns that 
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with the paint is called poiniiitff), and the broad tool The use of the point leaifes tlicstono 
in narrow furrows, with rougli ridges between them, which are cut away by the inch tool, 
and the whole made smooth by the boaster. The point is irom | to } of an inch broad^^te 
boaster is 3 inches wide, and the broad tool 31 inches at the cutting edge, which In use is 
4 dway 8 kept perpendicular to the same side of the stone. It performs two sorts of opera* 
tions. 'rhus, imagine the impression made by the whole breadth oMbe tool at the cutting 
edge, to be called a cavity ; in one operation, the successive cavities follow one another in 
the sanie straight line, until the breadth or lengtli of the stone ia exhauated; successive 
equidistant parallel lines are then repeated in the same manner, until the tool has passed 
over the whole surface. This operation produces a sort of fluted sur&ce, and is called 
otroking. In the other operation, each successive cavity is repeated in new equidistant lines 
throughout the length or breadth of the stone ; then a new series of cavities is repeated 
throughout the length and breadth of the stone ; and thus until its whole length or 
breadth is gone through. This operation is called tooling. The tools for working the cylinr- 
drical and conical parts of mouldings are of all sizes, from J of an inch upwards. Those 
for working convex mouldings are not less than half an inch broad, except the space be 
too confined to admit of such breadth. 

1911. A stone is taken out of winding principally with points, and finished with tlie 
inch tool. In London, the squared stone used for facing buildings is usually stroked, tooled, 
or rubbed. 

1912. In those parts of the country where the stone saved by the operation of sawing 
is not enough to compensate for the labour, the operation is altogether performed with the 
mallet and chisel. 

1913. When stones, previous to the operation of hewing, are very unshapely, a »tone axe 
jedding nxe, scabhling- hammer ^ or caoiU is used to bring the stone nearly to a shape ; one end 
of the jedding axe is Hat, and is used for knocking off the most protuberant angular parts 
when leas than right angles ; the other end is pointed for reducing the different surfaces to 
nearly the intended form. 

1914. In Scotland, besides the above described sorts of work, there are s :ine other kinds, 
termed droved^ broached^ and striped. Droving is the same as that called random tooling in 
England, or boasting in London. The chisel for broaching is called a punchy and is the 
same as that called a point in England. Broached work is first droved and then broached, 
ns the work cannot at once be regularly done with the punch. Striped work must also be 
first droved and then striped. If broaching is performed without droving, which is some- 
times done, it is never so regular, and the surface is full of inequalities. Of the three kin is 
of surfaces obtained, the droved is the cheapest. 

1915. It is, however, to be observed, that the workmen will not take the same pains to 
drove the face of a stone which is to be afterwards broached, as in that of which the 
droving is to remain the final finish. When the surface of stone is required to be perfectly 
smooth, it is accomplished by rubbing with sand or gritstone, and it is called rubbed work. 

1915a. Some useful practical remarks for obtaining the face to stone in mediaeval work, 
is given in Denison’s Lectures on Church Building, 185(), p. 216. The mode of working 
mouldings depends a good deal upon the kind of stone used. In that from Stcetly near 
Worksop, employed almost exclusively outside the new church at Doncaster, and in the 
Ancaster stone, used for pieces of window tracery and mullions too large for the blocks 
^Uiat can be got from Steetly, and in tiie Brodsworih stone, the mouldings are all com- 
pleted with a drag. T do not use the word * finished,* because that means going over the 
work to put a particular kind of surface upon it after it is really completed. On the other 
hand, the Crookhill stone, of which all the pillars and a few other paits arc made, would 
utterly defy any such small tooth-comb work, as a drag ; nothing under a chisel with a 
heavy hammer will touch it Again, some stone from Huddlestone is too tough ana 
cheese-like for dragging, and the mouldings in it are completed by shaving them with a 
chisel, something like wood carving. The effect of is very good, because a chisel rux 
along in that way will always make a rather undulating surface, though smooth enough to 
the touch, even to please the finger of a clerk of the works. In some real Norman 
arches, w hich had been covered with plaster for centuries, the mouldings showed that the 
dreg or tool had never been allowed to make the marks directly across ; generally they are 
oblique and sometimes parallel to the direction of the moulding. Worked in this way, the 
stones will he sure to show themselves distinctly, and the effect of the mortar staining the 
stones for a little distance firom the joints, produces anything but a bad efiTect, Tuck- 
p^inting, to ratbei^ rough masonry especially, ie., racing prominent joints in mortar, with 
the edges cut quite straight and square, is another chance of spoiling work, Af^er a few 
years this generally splits off,^ and the building may look at lost as it should have done at 
first. The mortar should be finished within the face of the stone. The ^tpne work at 
S. Alban’s Abbey is described by Mr. Neale, as finished by the axe by Nermans; 
ohiseiled during the Transition iieriod; bolster tooled during the Early"^ (S^ish ; claw 
fooled during the Decorated, and the mouldings screed; while duripg the Perpendicular 
period it hftnHg iorapmL 
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1 8155. Grey granite, or moorstonc as it is called in Cornwall, iagot out in bloelct l^fplit* 
ring it with a number of wedges applied to notches pooled in the surface of the stone, about 
four inches apart The pool hoUn are sunk with the point of a pkkt much in the same way 
as other hard quarry stones are split The harder the moorstone the nearer it can bo s)dit 
to the scantling required. Generally speaking, granite has no planes of stratifiMtion, and 
it works or cleaves equally well in every direction; but in the porpliyritic varieties there ia 
a rough kind of arrangement of the crystals ; and in gneiss there is a species of layer, 
formed by plates of the mica, which is plainly discernible. Wljen brought to near the sise 
required, it is first scabbled by a hammer with a cutting face inches long by 1 J inches 
wide, weighing 22 lbs. ; then brought to a picked face with a pick or pointed hammer 
weighing 20 Ihs,. formed by two acute angled triangles, joined base to base by a parallelo- 
gram between them thus o ^ ; and if to be wrought or fine picked^ it ia further 
dressed with a similar pointed hammer, reducing the roughness to a minim un. The finer 
finish or fine axedfoee ie produced by a hammer or axe with a sharp edge on botli sides, 
weighing 9 lbs. ; for fine work the “patent axe** is also used, which is a hammer formed 
of several parallel blades screwed together, capable of being taken to pieces when required 
to be sharpened. Polishing can then be done by machinery, the granite being rubbed 
by iron rubbers with fine sand and water, and finished with other materials. 

1915c. Aberdeen red granite possesses the property common to all granites, that of a 
distinct plane of cleavage, winch, though not perceptible to the eye, is at once recognisable 
under the hammer of the workman, and of course can be wrought with much greater pre- 
cision and effect with the bed, than transversely to it. This bed bears no traceable relation 
to the natural joints of the rocks, which are indefinite in their directions ; and still less 
so to their stratification. The grey granites are but slightly affected with cleavage, being 
<»pable of being blocked with the hammer w’ith about equal facility in every direction* 
The local varieties of worked granite differ somewhat from those used in England, and are, 

I. Hammer-blocked, as in foundations, plinths, See. 1 1. Scapphd blocks^ squared with the 
heavy pick, as in docks and heavy engineering works. 111. Picked, a better finish than 
No. II. IV, Close picked, the bed and arrises made fair, and the outer surfaces made as 
fine as the pick will make them ; used in ashlar work, &c. V. Single axed, a finer finish 
than No. IV., and used in quoins, rebates, cornices, &c., in house building. And VI, 
Fine axed, the finest finish before polishing, given to dressed granite by means of the 
patent axe, used in the best work in house building, cemetery memorials, and ns a finish to 
contrast with polished work, 

WALUNO. 

1916. In stone walling the bedding joints are usually horizontal, and this should always, 
indeed, be so when the top of the wall is terminated horizontally. In building bridges, 
end in the masonry of fence walls upon inclined surfaces, the bedding joints may follow the 
general direction of tlie work. 

1916a. Footings of stone walls should be built with stones as large as may be, squared 
and of equal thicknesses in the same course, and care should be had to place the broadest 
bed downwards. The vertical joints of an upper course are never to be allowed to fall 
over those below, that is, they must be made, as it is called, to break joints. If the walls of 
the superstructure be thin, the stones composing the foundations may be disposed so that 
their length may reach across each course from one side of the wall to the other. When 
the walls are thick, and there is difficulty in procuring stones long enough to reach across 
the foundations, every second stone in the course may be a whole stone in breadth, and 
each interval may consist of two stones of equal breadth, that is, placing header and 
stretcher alternately. If those .stones cannot conveniently be had, from one side of the 
wall lay a header and stretcher alternately, and from the other side another series of stones 
in the same manner, so that the length of each header may be two thirds, and the breadth 
of each stretcher one third of the breadth of the wall, and so that the back of each header 
may come in contact with the back of an opposite stretcher, and the side of that l)eader may 
come in contact with the side of the header adjoining the said stretcher. In foundations of 
some breadth, for which stones cannot be procured of a length equal to two thirds 
the breadth of the foundation, the works should be built so that the upright joints of anv 
course may fall on the middle of the length of the stones in the course below, and so that 
the back of each stone in any course may fall on tl)e solid of a stone or stones in the lower 
course. 

1917. The foundation sliould consist of several courses, each decreasing in breadth as 
they rise by sets off on each side of 3 or 4 inches ia ordinary eases. 'Jlie number of courses 
is necessarily regulated by the weight of the wall and by the sise of the stones whereof 
these foundations or footings are composed. 

1918. Walls are most commonly built with an ashlar facing, and backed with brick or 
rubble- work. In London, where stone is dear, the backing is generally of brick-work, 
which does not occur in the north and other parts, wbera stone is cheap and common* 
Walls faced with ashlar, and backed with brick or uncouirsed rubble, are liable to beismia 
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convex on the outnde from the greater number of joints, and, consequently, from the 
greater quantity of mortar placed in each joint, as the shrinking of the mortar will be in 
proportion to the quantity ; and therefore such a wall is inferior to one wherein the facing 
and backing are of the same kind, and built with equal care, even supposing both sides to 
be of uncoiirsed rubble, than which there is no worse description of waiting. Where a wall 
conaists of an ashlar facing outside, and the inside is coursed rubble, the courses at the 
back should be as high as possible, and the beds should contain very little mortar. In 
Scotland, where there is abundance of stone, and whore the ashlar faces are exceedingly 
well executed, they generally back with uncoursed rubble ; in the north of England, where 
they are not quite so particular with their ashlar facings, they are much more particular in 
coursing the backings. Coursed rubble and brick backings admit of an easy introduction 
of bond timlier. In good masonry, however, wooden bonds should not be continued in 
length ; and they often weaken the masonry when used in great quantity, making the wall 
liable to bend where they are inserted. Indeed, it is better to introduce only such small 
•pieces, and with the fibres of the wood perpendicular to the face of tlie wall, as are required 
for the fastenings of liattcns and dressings. 

1919. In ashlar facing, the stones usually rise from 28 to 80 inches in length, 12 inches 
in height, and 8 or 9 inches in thickness. Although the upper and lower beds of an ashlar, 
as well as the vertical joints, should be at right angles to the face of the stone, and the 

' face and vertical joints at right angles to the beds in an ashlar facing ; yet, when the 
stones run nearly of the same thickness, it is of some advantage, in respect of bond, that 
the back of the stone be inclined to the face, and that all the backs thus inclined should 
run in the same direction ; because a small degree of lap is thus obtained in the setting of 
the next course, whereas, if the backs are parallel to the front, no lap can take place when 
the stones run of an equal depth in the thickness of the wall. It is, moreover, advan- 
tageous to select the stones so that a thicker one and a thinner one may follow each other 
alternately, llie disposition of the stones in the next superior course should follow the 
same order as in the inferior course, and every vertical joint should fall as nearly as possible 
in the middle of the stone below. 

1920. Ill every course of ashlar facing in which the backing is brick or rubble, />onr/, or, 
as they are called in the country, through stones should be introduced, their number being 
proportioned to the length of the course ; every one of which stones, if a superior course, 
should fall in the middle between every two like stones in the course below. And this 
disposition should be strictly attended to in all long courses. Some masons, in carrying 
up their work, to show that they have introduced a sufficient number of bond stones into 
their work, choose their bond stones of greater length than the thickness of the wall, and 
knock or cut off their ends afterwards. But this is a bad practice, as the wall is liable ta 
he shaken by the force used in reducing, by chiselling or otherwise cutting away the pro- 
jecting part, and sometimes with the chance even of splitting the bond stone itself. 

1921. In piers, where the jambs are coursed with ashlar in front, every alternate jam! 
stone should go through the wail, with its bed perfectly level. If the jamb stones are of 
one entire height, as is often the case when architraves are wrought upon them, and also 
upon the lintel crowning them, of tlie stones at the ends of the courses of the pier which 
are to adjoin the architrave jamb, every alternate stone should be a bond stone ; and if the 
piers be very narrow between the apertures, no other bond stones will be necessary in such 
short courses. When the piers are wide, the number of bond stones is to be proportioned 
to the space. Bond stones, too, must be particularly attended to in long courses above and 
below windows. They should have their sides parallel, and of course perpendicular to 
each other, and their horizontal dimension in the face of the work should never be less 
than the vertical one. The vertical joints, after receding about three quarters of an inch 
from the face of the work with a close joint, should widen gradually to the back, so as to 
lorm hollow wedgo-like figures for the reception of mortar and packing. The adjoining 
stones should have their beds and vertical joints filled with oil-putty, from the face to about 
three-quarters of an inch inwards, and the remaining part of the beds with well-prepared 
mortar. Putty cement is very durable, and will remain prominent when many stones are 
in a state of dilapidation, through the action of the atmosphere upon them. The use of 
the oil-putty is at first disagreeable, from the oil spreading over the surface of the con- 
tiguous stones ; but after a time this unpleasant look disappears, and the work seems as 
though of one piece* 

^ 1922.^ AU the stones of an ashlar facing ought to be laid on their natural beds. From 
■inattention to this circumstance, the stones often flush at the joints ; and, indeed, such 
.a position of the lamina much sooner admits the destructive action of the air to take 
place. Methods of building in cement and concrete blocks, are noticed in the previous 
lection^ 

1 922a. Rubblk-worx, A wall consisting of unhewn stone is called a ruWe wall, whether or 
not mortar is med. This species of work is of two kinds, coursed and unoouraed. In the foi^ 
the ttpnoi are gauged and dressed by the hammer, and thrown into diflbrent heaps, vach 



THEORY OF ARCHITECTURE. 


Book 11 « 


583 


contejning stones of the satoie thickness. The masonry is then laid in horiaontal courses, but 
not always contined to the same thickness. The unooursed rubble wall is formed by 
laying the stones in the wall as they cume to hand, without gauging or sorting, being 
prepared only by knocking oflf the sharp angles with the thick end of the scabbling 
iiammer. 

19225. Apparently, wherever tliere was any difficulty in obtaining stone, the mediaeval 
builders employed the worst of all methods of construction in walling, viz., concrete or 
rubble-work between the two faces of squared stone. Jn the early period of medieval art, 
flint or rough rubble, with “short and long work” to the quoins, seems to have been very 
general ; this “ short and long work *’ was also used in faced walls ; in both cases the short 
work consists of stone upon its bed, and alternates with the long work or stone upright ; 
the short work ought to serve as bond throughout the walls. In tlie 12th century 
tlie use of rubble in conjunction with worked stone became frequent. The chief defect, 
frequently considered one of the merits, of this system, consists in the omission of sufficient 
bond both in piers and walls ; the occurrence of joints iti angles is too frequent ; in fact, 
any expedient seemed better than the trouble of making a back>joint. 

1922c. Kentish Ragstone. This material, now so extensively employed for mediaeval 
work in the metropolis and suburbs, is never used internally^ as it sweats^ that is, the con- 
densed moisture from the atmosphere is not absorbed, and will show itself even through two 
coats of plastering. Hassock Btone^ however, which is the sandstone separating the beds of 
the ragstone, the sand being sufficiently agglutinated to allow of its being raised in blocks, 
must never he used externally. It is easily worked, and makes a good lining for ragstone 
walls, as it does not sweat. It should be roughly squared, for if not done, the crumbling 
nature of the stone would endanger the security of the work, should it be exposed to any 
unequal pressure : it must not be placed where it would be exposed to very great pressure, 
as in arches, jambs, &c.. Hassock may be procured in London at from 6s. to Is. per cord 
(3 feet cube), in roughly squared pieces; while rough rag is about 5s. per ton, and rag 
headers about 1 2s. 6d. per ton. 

I922d. Sunk and moulded work in so hard a material is to be avoided, and so much 
wrought surface would cause decay. In using ragstone ashlar, it must be laid upon its na- 
tural bed, otherwise rapid decay will almost certainly follow, arising from the thinness of the 
strata, for blocks of a large si 2 e can seldom be entiaely freed from hassock ; and even wliat 
appears to the eye as blue stone, retains for a coSN|Wcrable distance inward the perishing 
nature of its enveloping crust. A block of ragstoiltt^4f the face be worked, will present in 
damp weather an appearance precisely similar to the heart and sap of timber. In the case 
of copings, &c., where one bed is exposed, the stone sitould be skiffled (or knohbled) as much 
as possible from the upper side, so as to expose only the soundest portion of the stone to 
the action of tlie atmosphere. In some situations, as mullions, door and window jambs, 
an unsightly appearance would be produced* by too exact an attention to the beds of the 
stone, as the ashlar is generally too small to range with nHNre than one course of headers. 
In these cases the old masons seem to have departed from their usual rule, and to have set 
the blocks on end, so as to embrace two or three courses ; but as the depth of the block re- 
quired to work an ordinary jamb or mullion is not very great, it is not difficult to get the 
whole thickness required out of the heart of the stone. 

I922e. Stone of the smaller layings are generally worked into headers; it is (MNMimon to 
work one side of the stone to a rough face with parallel sides, without paying much atten- 
tion to the beds and joints, which often recede at an acute angle with the face, so as to 
bring the stones, when laid, to a closer joint. Such stones, however, mu'*! he properly 
pinned in behind, and carefully bonded with the work at hack. Headers are generally 
knocked out to six, seven, eight, or nine inch gauge for the lieight : the length and tail 
being determined by the size of the stone : on the face they do not vary much from the 
square form. Formerly headers were set on their natural bed, therefore it is not unusual 
to find stones in an old wall entirely gone from this cause. 

1922/. In the Whitelands bridge bed, a very free working stone of a bluish colour can 
be got 12 feet long with certainty, and the Horsebridge bed yields a good stone to a 
length of 15 feet. I'he white rag, the lowest of the beds in the quarry, tumbles to pieces 
on exposure to the air (Wbichcord, KetUUh BagstonSt 1846). 

1922p. In its mechanical properties, ragstone possesses some of the qualities of granite, 
though in an inferior degree. In respect to resistance to pressure, it stands next to granite 
in the list of British stones ; but when loaded for a transverse strain, the numerous vents 
to which even the best layings are liable, renders it untrustworthy for lintels, or in a 
suspended position, without much precaution. In the former case of lintels and architraves, 
tfiree stones, arch jointed, gives the requisite security. 

\922h. Whinstone, a matenal, in one form or another, found almost over all Scotland, 
makes a very durable arch for bridge work, when well built with good mortar, the stone 
being in its nature weather proof. In the neighbourhood of Edinburgh, trhinstone alolies 
bave been erected since about 1770, the greatest span being about 60 Ibe 
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Smith, of Dflmiok, «tato^ in the TtwuacHons of tl»e Instittite of BritUh Architectts, 
that they had ereolad bcidget with aemi*eUiptical arches of the spans of 5 1 feet, and of 
62 J feet, of whinstone fteed with hewn stone. A bridge, almost entirely of wliinstone, 
having an arch 63j feet span, the depth of the masonry being 2^ feet on ilic average, was 
erected in 1833 ; while another, 76 feet 4 inches span, at Falshope, was entirely of wliin* 
stone, with a rise of about 18 feet. It iunk about seven inches wlien the centre was struck, 
but no broken stono was olMerved. TtTie depth of the arch, rt quiring three breadths of 
stone to make it up, was 3 feet ; their average thickness wns 3^ inches ; but it varied firom 

to 6 inches. The stones were laid as close as possible, and in crossing the bond the 
work was made firm, but the stonec were not dressed straight upon the beds. Its cost was 
360L exclusive of the digging for the foundations. 

1922t. The most annoying part in the building of rubble arches, is the slowness of the 
setting or drying of the mortar, as until the mortar is able to bear considerable resist- 
ance the arch is extremely supple, and easily bent out of its proper curve when the 
centre is struck. This bridge stood five weeks before that measure was considered 
advisable. Cement would perhaps be best lor large rubble arches and even if exi>ensive, 
the whole cost would be cheaper thnn a bridge of hewn stone. With cement, almost any 
kind of stone, even the refuse of a slate quarry, might be worked into an arch of almost 
any extent. 

1922^. Flintwork — I n the chalk districts, the houses of the fifteenth century are 
frerjuently faced with flints, cut and trimmed, and arranged with great skill and effect. 
One of the best examples is a bouse in St Andrew’s, at Norwich, next the cemf'tery, a 
fragment of the decorated period of Gothic architeciure, in which the flint work is so 
delicately flnished tiiat a penknife can scarcely be inserted in the interstices. 

1922/. As flint itself is practically imperishable, and as flintwork becomes, when per* 
fectly set mass of concrete, it produces substantial work, if great care be taken in its 
manipulation. But flint walls frequently fail, by bulging while they are in course of con- 
struction, and splitting when they are old. On any sufficient natural cause, as the giving 
way of the foundation, they are riven into immense masses ; hence a flint building gets out 
of repair less readily than a stone one, but if it suffer at all, it is very apt to become a 
complete ruin. 

1922m. Flint walls intended for durability should not l>e less than two feet in thickness, 
built slowly and solidly, flushed up with stiff strong mortar compounded of quick-setting 
stone lime and coarse sharp sand free from loam. As flint is a non- absorbent, bricks and 
tiles arc often worked into the midiile of the walls to assist in the induration of the 
nioit.ir; but for the sake of economy, lumps of hard chalk, pebbles, and flat-bedded stones 
are frequently used as the principal components of the core or middle of the wall. The 
work must be kept as dry as possible during its erection, as well as subsequently ; frost is 
found soon to level the work while saturated witli water. 

1922 m. Flint walls are strengthened by Zoci/ip courses, formed of bricks three or four 
ipurses deep, not generally showing outside. At Cambridge, Brandon, and elsewhere, 

f iy do show, and are used every two or three feet. I’lic object is not only to get a con- 
iious bond, but to bring the work to a level bed, and again start fair. When round 
flints are split, and the thicker portion is kept, as usual, at the face of the wall, diiving rains 
aic readily conducted by the inclination of the upper bed of each course to tiic middle of 
the wall, and by keeping it damp conduce to its decay ; but as flints are seldom split at 
right angles to their axis, they can be so laid in the work as to be flush on the face os well 
as level, and the lower bed must be firmly pinned up with fragments, it is desirable tliat 
cavities for drainage, with exit boles at the plinth level, be formed in the middle of tlie 
wall by building in rods of wood or iron vertically, and drawing them up as the work pro- 
gresses. The fiice is sometimes finished by inserting in the mortar joints or the sharp 
fractured bits of flint, when tlie woik is called galletid or ycurreted {Dictionary of Architecture). 

1922o. Amongst examples of a systematic parsimony of labour and material in 
■lediseval art, may be no. iced the characteristic tables or courses, where each projection 
is taken out of a separate course of stone or out of the smallest 
stone adjoining to it. The base {fig. 616.) and the capital 
{fg^ 618d.) of a shaft are kept so small as to he got out of 
single blocks ; the astragal lielongs to the capital, and not, as 
in Homan work, to thd shaft ; the bell is in one stone, the 
abacus in another (fg. filHd ) ; each order of an arch is an in- 
dependent ran^e of stones ; the hoodniould is self-existent ; the 
sills are not dished, and the buttresses are toothed rather than 
bonded. In two cases, liowever, the use of lar^ stones pre- 
vailed, viz., in shafts of the 13th century (in France, 1160- 
1230), which are long rads of stone 6, 4, or 3 inches in diameter 
and incapibte of baartztg arv great weiglit, unless banded or bonded to the nearest wall or 
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pilUt, and in tlie apilnging stones of nmlting, which are worked with level beds. (See par 
^lC02f,y The horiiontal courses at tlie bottom' of the arch are also seen in the con- 
•tniction of large horse-shoe arches. With the 13th century, also came the decidefl 
distinction between decoration and mere construction, which employed stone vertically, 
not only for shafts of columns, hut for mullions and tracery of windows and dwarf wallu, 
such tracery being cut out of slabs and confined by grooves or similar means. 

1923. Where walls or insulated pillars of very small dimensions are to be carried up, 
every stone should be carefully bedded level, and be without concavity in the middle. If 
the beds should be concave, as soon as the superimposed weight comes to be borne by the 
pier or pillar, the joints will in all probability begin to flush ; and it is, moreover, better, 
if it be possible, to make every course in the masonry of such a pier or pillar in one 
stone. 

COLUMNS. 


1924. When large columns are obtained in a singh; block, their effect, from that circum- 
stance alone, is very striking ; but as this is not very oflen to be accomplished, the next 
point is to have as few and as small joints as possible; and tlie different stones, moreover, 
ougiit to be selected with the view, as much as possible, of concealing the joints, by having | 
the blocks as much of the same colour as possible. It will immediately, of course, occur 
to the reader that vertical joints in columns are inadmissible, though in many of the great 
edifices at Paris such do occur, much to their detriment 

1925* The stones for an intended column being procured, and the order in wliioh they 
are to be placed upon one anotiier having been determined, we must correctly ascertain the 
exact diameter for the two ends of each of them. To effect this, draw an elevation of the 
column proposed to its full size, divide it by lines parallel to the base into as many heights 
as the column is intended to contain stones, taking care that none of the heights exceed the 
lengths the stones will produce ; the working of the stones to the diameters tlius obtained 
then becomes easy. The ends of each stone must first be wrought so as to form exactly 
true and parallel planes. The two beds of a stone being thus formed, find their centres, 
and describe a circle on each of them ; divide these circles into the same number of equal 
parts, which may, for example, amount to six or eight ; draw lines across each end of the 
stone, so that they will pass through the centre and through the opposite divisions of the 
siime end. The extremities of these lines are to regulate the pi ogress of the chisel along 
the surface of the stone ; and, therefore, when those of one end have been drawn, those of 
the other must be made in the same plane or opposite to them respectively. 'I’he cylin- 
drical part of the stones must be wrought with the assistance of a straight-edge ; but for the 
swell of a column, a diminishing rule, that is, one made concave to the line of the column, 
must be employed. This diminishing rule will also serve to plumb the stones in setting 
them. If it be made the whole length of tiie column, the heights into which the elevation 
of the column is divided should be marked upon it, so that it may be applii d to give each 
stone its proper curvature. But as the use of a very long diminishing rule is inconvenieQl 
when the stones are in many and short lengths, rules or rods may be employed cQrrespnnjMCv 
jjig in Icngtli to the different height. 

1925a. The method of setting the blocks or frusira by the ancients, was to dish out the 
beds to obtain a truly fine joint. Fh the Parthenon, an outer space of 7 inches in width 
all round the drum, %vas lei't a perfectly level and smooth bed for actual 
contact. Tiie next space, of 1 foot in width, uas very slightly tooled or 
scratched over. 'I'tie next, 9 inches in width, was made still lower by being 
tooled over very roughly. The remaining portion round the centre was 

left smooth, but was made as low as the suiface of the second space. A 

square hole, worked at the quarry, in the centre of tiie shaft, was filled 
with a cube of hard wood, in which was a hole to receive the half of a 
circular pin, also of wood, suggesting the idea that wfien the marble /rus^ra 
were set, they were rubbed against ^^each other. I'tie first drum, at they 
temple of Hercules at Agrigentum, when placed on the stylobate, was 
turned round until it had bem well ground down. (CtetV Enpineert 
^c. vii. p. 241.) The practice of late years, for large columns, has been 
Jtq place a plate of thin lead between the beds of stone, so as to secure 
an equal bearing and prevent the edges flushing, any space being filled 
in with putty or cement. At Paris, in many of the porticoes, the columns have very 

deep thin rustics (fg. 6185.), which would effectually prevent any broken edges from 

being observed. The effect is peculiar, especially in strong sunliglit. The height ot 
the face of the stone is 385 of h mi tre i the height of the channel, including the 
rounded a rises, is *40, and the jdt^th of the* clumnel is *85. 

19256. Besides the usual mode of drawing' a voldte, described in par, 2576, we insert 
a iiietbi>d recommended by Mr. GwUt for adoption. A geheral method of ihscrihing a 
ilpilld ill A reoton^olar quadril^itera], ABC — Multiply the given heiglit by the glvep 
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breadth, and dWide the product by the sum of the height and breadth, subtract 

the quotient from the height The re« 
mainder is the radius of the first quartet 
revolution of the spiral : llie formula is 
A— fcaor Fa). Subtract 

the radius aF so found from the height 
BD and the remainder FD will be the ra* 
dius of the second quarter of the revolu- 
tion, and is to be set frum F to h. The 
difierence a b betiveen a F and h F will 
form one side of the quadrilateral abed. 
Subtract the radius F b from the width 
CD and the remainder GC will give bd 
the other side of the quadrilateral abed 
(which points will be the centres for the 
portions of the first revolution), and will bo 
a figure similar to, or of the satne propor- 
tions as, the given quadrilateral ABCD. 
Tiien dG will be the radius of the third 
quarter of the revolution and He tlie ra- 
dius of the fourth quarter. In the quad- 
rilateral or parallelogram abed^ draw the 
diagonals od, 6c, and draw 6 H, cutting the 
diagonal ad in tt tlien will e be a point for 
the formation on the diagonals of another 
parallelogram efyh, whose angles (as in 
that first made) will be the centres for the radii of the second revolution. By again 
drawing H/to cut the diagonal ad, another parallelogram may be formed, and so on to 
bring out the spiral X is the centre part to a larger scale (Builder, xviii. p. 

1925e. From the nature of the formula it is evident that when A t 6 is but by a trifle in 
a greater ratio than 1*61 : 1 the first radius will be greater than the breadth of the quadri- 
lateral, and the spiral cannot be described within the figure. Also that when h and b are 
equal, the spiral vanishes, for the formula becomes A — <^nd the first radius is equal to 
half the side of the circumscribing square. Hence a circle is inscribed. Also that as 
the height and breadth approach equality the number of revolutions increases. In the 
diagram the height is taken at 27 equal parts and the breadth at 23 of such parts. Upon 
trial it will be found that the exact proportion of the height to tlie brcadtli to bring out a 
spiral within the given quadrilateral lies between 1*61 : 1 and 1*62 : 1. 

1925d. When a pier was to stand upon the head of a pillar, the early mediaeval builders 
avoided an error which their ancestors often committed. Instead of turning the arches and 
filling lip the space at the springing until there was a clean base for the pier (Jip. 618c.), 
they built courses of arch-stones in single blocks exceeding the width ofthe pillar (^^.662rf.). 
AVheu these had risen to high that the base of the pier would not interfere with the 






nc. eiBff. WKSXMlltSTlR abbst. 

arch-stones, these horixontal courses were discontinued (fy, 618ciL}. A 
modern foUy (Jip. 618/.) was unknown to them. A timUar system die- 
tates the construction of a corbelled foundation for any work standing free from the 
genera] thickness of the wall. In early pointed work the intrados of an arch (as A in 

and 618A.) was plumb with the free of the square block B, forming part of the 
capital ; and equally the front of a sUafr over a capital is pi][ttmb with the same square block. 

I935e. JooQUNQ. Lintels or flat arches, stone Odillfrayes, chimney mantels, and such 
li*e, when fopmed 6t small stones, are secured by joggliqg the Joints of adjacent stones so 
to form a continuous beam, the strength dependii^ upon the solidky.of the abutmen^^ 
•Lhe gauged arches flsrnicd cut brioktisiid osedTas heads to openings, are similar in 
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eRlct, but as they have neither joggles nor dowels, they are now sometimes assisted, 
as^tslly in uncertain foundations, by placing under them a thin flat bar of wrought 
iron. Bartholomew, in his Specijicationst ld40, gives some ancient specimens from Roman 
sepulchres, the three lower courses being prevented from sliding by h wedge*shaped Joggle 
formed on the top bed of one stone, and a corresponding hole cut in the lower bed of 
the next stone, to receive it. Fig. 618i. is perhaps the earliest instance of a similar 
cuntriNonce, and shows the oversailing portions (French crosaette$). It is taken from 
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Diocletian's palace at Spalato, a building often referred to as exhibiting the germs of 
several of the peculiar ornaments afterwards prevalent in the Romanesque and Norman 
styles of art (par. 198). The same principle is seen in a semicircular arch of eleven 
voussoirs in the lower story of the reputed tomb of Theodoric at Ravenna ; in a chimney* 
piece at Conishorougli Castle, Yorkshire; and at the gate of the Alhambra. Murphy’s 
Batdlha, gives, in plate 2, two instances of the same kind of construction. With double 
set-offs, an example is found in the upper part of Theodoric’s tomb. Fig. 6 ISA., showing 
the introduction of tenons of a circular form, is the transom of the Norman west door- 
way of Rochester Cathedral. Fig. 618/. having three tenons to each stone, is from the 
mantel of a fireplace in Edlingham Castle, Northumberland. 

1925/. Serlio, in his Opere d'Architettura, in Book iv. chap, v., shows two excellent 
modes for relieving the weight from a lintel over an opening, Jigs. 618w. and 618/i. Fig. 

6l8o. is the mode adopted by Mylne, in 
erecting Black friais Bridge, where each 
joggle consists of a cube foot of a hard 
stone. During the repairs of this structure 
in 1 833, the decayed or broken stones were 
cut out, and new blocks inserted by the in- 
genious arrangement shown in Jig. 618/?. 
A represents the new block let in, in two 
parts. B is first fixed, having a hole cut to 
receixe a plug C, which is placed in a hole 
Fig 018 m. Fig. 6i8n. iij the half D ; on this block being inserted 

in place, the plug C drops half its length into the hole in B and secures the portion D. 
Channels were also cut through the blocks, through which wires were placed attached to 
the plug to insure its sliding into its place. These 
were cemented up subsequently. In small works, 
copper plugs, or dowels would he more proper than 
the large blocks shown in Jig. 618o., asthey require 
the removal of less of the substance of the arch 
stones as necessary for admitting joggles. Cubes, 
and dowels, of slate are now very much employed. 

1925/7. Another method much practised consists 
in joining, by an elbow to eacli voussoir, a jiortion 
of the neighbouring horizontal course of the work. 

This arrangement will he understood at once by 
reference to Jigs. 956 and 957 ; btit, however good 
it may appear at first sight, it is liable to split at 
Che junction of the horizontal portion with the 
radial parts, if any irregular settlement takes place. 

The rustic channels of arcailes wrought in this 
form have, however, a good efifect. 

1925A. From Viollet le Due, Diciionnairtf we 
cbtain the use of the crossettes as exemplified in a 
chimney piece (/y. 61 89 .). Fig. 618r. is the lintel 
to the door on the north side of the Church of St 
Etienne at Beauvais; and/y. 618«. that of the Church of Villers Saint Paul. Fig 618t 
shows the system described by llondelet, in plate 27 of his valuable publication,* for ob- 
taining the requisite proportion of strength in such flat arches, as they are called. Who- 
ever may be interested in the method of supporting and tying together by rods and 
bars, the stones of architraves, as formerly practised by the eminent architects of Fr<\n^p* 
must be referred to the publications of Rondelet, Patte, D’ A viler, Blondel, and others 
of that period ; in fact, the system is still introduced in the modern publicationa on con- 
atruction, in the French school of Architecture, 
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192Si, To tie in 
asl)]«^ring to the brick 
vv'all, cramps are used, 
cither of cast iron, 
wrought iron, copper, 
or bronze. The two 
latter are of course tl)e 
hestj the two former 
exfoliating by air and 
damp, and splitting the 
stone, unless perfectly 
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secured. During the restora- 
tions at Cologne Cathedral, the Fig.618*. rig. ois#. 

cornice (above the 55 fcLt high windows) is 3 feet 7 inches high, and in order to connect 
the stones, iron hooks were put hot into the holes, which were then filled up and surrounded 
with asphalte. By this proceeding the iron is for ever preserved from oxidation ; it has 
proved itself the best system, because the applications of mortar, gypsum, sulphur and 
lead, have all failed. On tiie exterior, bronze surrounded with lead lias been used, which 
has hitherto proved satisfactory. Cramps are also now set in Portland cement. 


STAIKS. 

1926. Nothing to perplex will occur in carrying upstairs which arc supported by a wall 
at both ends, because the inner ends of the steps may either terminate in a solid newe/, or 
f)e tailed into a wall surrounding an open newel. Where elegance is not required, and 
where the newel docs not exceed 2 feet 6 inches, the ends of the steps may be conveniently 
supported by a solid pillar ; but when the newel is thicker, a thin wall surrounding the 
newel would be cheaper. In stairs to ba.sement stories, where geometrical stairs are used 
above, the stejis next to the newel are generally su})portcd upon a dwarf wall. 

1927. In geometrical Mtairs, the outer end of each step is fixed in the wall, and one of 
the edges of every step supported by the edge of the step below, and formed with joggled 
joints, so that no steji can descend in the inclined direction of the plane nor in a vertical 
direction ; the sally of every joint forms an exterior obtuse angle on the lower part of the 
upper step, called a back reliatc, and that on the upper part of the lower step cf course an 
interior one, and the joint formed of these sallies is called a joggle, w hich may he level from 
the face of the risers to about one inch within the joint. Thus the plane of the tread ol 
each step is continued one inch within the surface of each riser ; the lower part of tlie joint 
is a narrow surface, perpendicular to the inclined direction or soffit of the stair at the end 
next to the newel. 

1 928. With most sorts of stone the thickness of every step at the thinnest jilacc need not 
exceed 2 inches for steps of 4 feet in length ; that is, measuring from the interior angle o' 
every step pcr]>endicular to the rake. The thickness of steps at the interior angle should 
be proportioned to their length ; but allowing that the thickness of tlic steps at each ol 
the interior angles is sufficient at 2 inches, then will the thickness of them at the intcrioi 
angles be half the number of inches that the length of the steps is in feet ; for instance, 
a step 5 feet long would be 2J inches at that place. 

1 929. The stone platforms of geomatrical stairs, that is, the landings, half paces, and 
(juarter paces, are constructed of one or more stones, as they can be procured of sufficient 
size. When the platform consists of two or more stones, the first of them is laid on the 
last step that is set, and one end tailed in and wedged into the wall ; the next stone is joggled 
or rebind into the one just set, and the end also fixed into the wall, as that and the pre- 
ceding steps also are ; and every stone in succession, till the platform is completed. When 
another flight of steps is required, the last or uppermost platform becomes the spring stone 
for the first step of it, whose joint is to be joggled, as wdl as that of each succeeding step, 
similarly to tliose of the first flight. The principle upon which stone geometrical stairs 
are constructed is^ that every body must be supported by three ppints placed out of a 
straight line ; and therefore, that if two edges of a body in different directions be secured 
to another body, the two bodies will be immoveable in respect to each other. This last 
case occurs in the geometrical staircase, one end of each stair stone being tailed into tUe 
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wsll to as to be incapable of tilting, and another edge resting either on the ground itself^ 
or on the edge of the preceding stair stone or platform, as the case may be. The stones 
which form a platform are generally of the same thickness as those fonning the stepa. 


ON THK SCIENTIFIC OPERATIONS OF STONE CUTTING. 


1990. The operations by which the forms of stones are determined, so as to combine them 
properly in the various parts of an edifice, are founded on strictly geometrical ])rinciples, 
and require the greatest care and exactness in execution. It is only by a thorough know^ 
ledge of the nature of these operations that the master mason is able to cut and carve the 
parts which, when joined together, compose the gracefbl arch, tlie light tracery of the 
Gothic vault, or the graceful and magnificent dome. The method of simple walling, and 
its general principles, have been given in this book, chap. i. sect. x. In what follows we 
propose to confine ourselves, 1 st, to the leading operations necessary to set out the simple 
arch or vault, and the groins formed by it ; 2d, to the forms produced by vaults with 
plain and curved surfiices intersecting; Sd, and lastly, to dome vaulting; giving such 
examples as will so initiate the student that he may, we trust, have little, if any, difficulty 
in resolving any case that may occur, and reminding him that if he well understand the 
section already submitted to him on Descriptive Geometry, his labour will be m.ich 
abridged, not only in what Immediately follows, but in that section which treats hereafter 
on Carpentry. 

1931. I. Of the Construction of Arches and simple Vaults, and the Groins 
FORMED Br their iKrERSECTjoN. In arches and simple vaults we have to ascertain the 
exact form of the arch in all its parts, and the direction of its joints; both which points are 
dependent on the geometrical properties of the curve used for the arch. 

1932. To find the joints of dk flat arch without using the centre of the circle of which the 

arch is a part. Divide the arch AB {fig. 619.) 
into as many equal parts as there are intended 
to be arch the points 1 , 2, 3, &o. From 

A, with anj|^^H||nient radius, describe an arc 
at a, and fro^W^Vith the same radius, describe 
another arc, crossing the first at a, and join al ; 

Ihen 1 is the first joint from A. To find the joint 
passing through 2 ; with the same radius as before, from the joints 1 and 3 as centres, fle- 
•cribe arcs cutting each other at 6, and draw 26 ; then 26 is the second joint. In the same 
manner all the other joints between A and B will be found. To find the skew hacksy or 
abutting joints AC and DB ; with a radius equal to la, from the centre A describe an arc 
at C ; from the centre 1 , with the radius Aa, describe an arc cutting the former at C, and 
draw the line AC, which will be the springing bed of the arch. In the same manner the 
joint BD may be found. 

1933. Ibe joints of any arch may be drawn with considerable accuracy by setting off* at 
equal distances a point in the curve on each side of the place for the joint, and from these 
points, as centres, with any radius, arcs to intersect, through whose intersections lines 
being drawn, will give the directions of the joints. 

1934. To draw an elliptical arch to any two dimensions hy circular arcs. Draw the straight 
line AB {fig. 620.). Bisect AB in C by the perpendicular Dp, make CA and CB each 
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Fig. 619. 




Fig. 6*1. 

equal to the span of the arch, and make CD equal to the height, and AJ parallel and 
eij^al to CD. In Cp make Ck equal to CD. Divide A; and AC each into two equal parts, 
llirough 1 m AC draw hoy and through I in AJ draw ID, cutting kn at n. Bisect nD 
by the peri^dicular ty, and from p with the radius pn or pD describe the arc nDiA. Draw 
M paranel to AB, a^ join 6B, and produce AB to meet the arc »DA in i. Join pt cutting 

produce it to meet the arc nDA in n. 
4 describe the arc iB, and from e with the radius eA describe the 
ETC. Ansn. Iheti AmDiJi is the arch required. 

1935. An Aliptical arch ADB {fig. 621.) being givei^ to draw the joints for a given number 
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of ctrch siones, F'nd the centres e, f g in the same manner as if the arch were to be drawn ; 
join gt and produce it to meet the arch ; also join g^f and produce it to meet the arc in t. 
Divide the elliptical curve ADB into as many eqi^ parts as the number of arch stones. 
From the centre e draw lines through the points of division in the citrve between A and 
wliere ge meets the curve^ and from the 
centre g draw lines through all the interme- 
diate points between ge and gf^ and lastly 
draw lines from/through all the intermediate 
points between t and 11, and the parts of the 
lines thus drawn on the outside of the curve 
will be the joints of the arch stones. 

1 936. In very large arches it will be de- 
sirable to find five centres, as mjig, 622., and 
these will be obtained by finding two in- 
termediate points in each half of the curve 
instead of one ; then bisecting each pair of 
adjacent points by a perpendicular, we shall 
have the centres e, A, p, t, /, to be used for 
drawing the joints in the same manner as in 
the preceding figure. 

1937 . The al^ve methods are sufficient for ordinary purposes ; but where strict accuracy 
is required, the following method is mathematically true. Suppose any joint, as gk^ is 
required to be drawn {Jig, 623.), and that 
the point D is the middle of the arch and 
the point C the middle of the springing line; 
then with the distance CA or CB, from the 
point D describe an arc at e and another at 
f to cut AB at e and/ Draw eg and fg ; 
produce eg to i and /p to A, bisect hgi by the 
straight line pA, which will be the joint re- 
quired. In the same manner, by drawing 
lines from e and /to each point of division, and bisecting the angle, lines for the other joints 
may be drawn. 

1 9 . 38 . To draw a Gothic arch to any given dimeneiont {Jig. 624.). Draw the straight Boo 
D 



Pig. «♦. (Cl is made equal to BC. j ^ 

AB equal in length to the span of the arch. Bisect AB in C by the perpendicular DI. 
and draw AG and BH parallel to DI. Make CD equal to the height of thearch, and the 
angles CDG and CDH each equal to half the vertical angle; make CF equal to the dif- 
ference between CD and AG and join FA and FB. Divide AG and AF each into the 
same number of equal parts, counting each from the point A. Through the points 
1, 2, 3, 4 in AF draw la, 15, Ic, Id, and through the points 3, 4 in AG draw 1 D, 2D, 
SD, 40 out^g lo, Ib, Ic, Id at the points a, 5,c, d, then through the points AabcdD draw 
a curve ; which will be half of the GotWe arch required. (Other methods, par. 1943a., etsoq.) 

1939. To draw thejointe of the arch stones of a Gothic arch {Jig. 625.). Having formed 
the angles CDG and CDH as before, make At equal to AG and draw Df perpendic^i 
to pG. In D/ make DA equal to At and join lA. Bisect ^ by a perpendi^ar meeting 
D/ in I Produce U to p. Divide the curve into as many equal parts as the arch stones 
to be in number. Then i will be the centre of the joints which pass through all the 
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|>aiitlt%oiwecn A and jh and 7 will be the centre for drawing the joints of the arch stones 
which paits through all the points between p and D. 

1940. The reason for the foregoing rule is obvious; for the joints are merely made to 
radiate to the centres of the arcs of circles whereof the arches themselves are formed ; as 
in subsections 1934, 1935, they were drawn to the centres of the approximating circles 
wherefrom the elliptical curves were struck. 

1941. To detcribe a parabolic curve for a pointed or Gothic arch hy meant of a terkt of 
Unes touching the curves the dimentiont of the 
arch and the angles it forms at the crown being 
yiven. Draw the straight line AB (fg» 626.) 
and draw CD perpendicular to AB. Make 
CD equal to the height of the arch, CA and 
CB each equal to h^ the span. Make the 
angles CDe and CDf each equal to half the 
vertical angle. Divide Ae and eD each into 
the same number of equal parts, and through 
the corresponding points of division draw lines 
which will form one half of the arch: the other half DB may be found in the same manner. 

1942. - To draw the joints of the arch stones 
to the above sort of arch. Draw the chords 
AD, DB for each half of the arch {Jig. 627.) ; 
divide the arch into as many equal parts as 
there are to be arch stones. Let it now be 
required to 4t^w a joint to any point h : bisect 
AD in afll^in ek cutting the curve in 1. 

Draw hg parallel to Ak<, cutting ek in < 7 , and in 
el make li equal to Ig. Join hi and draw hm 
perpendicular to hi. Then hm is the joint re- 
quired. In the same manner all the remaining 
joints will be found. 

1943. To describe a rampant pointed archt whose span^ perpendicular height, and the hetg/U 

of the ramp are given. Draw the straight line AB {Jig. 627.), and make AB equal to the 
span of the arch. Draw BC perpendicular to 
AB, and make BC equal to the height of the 
ramp. Bisect AC in D, and draw DE per- 
pendicular to AB. Make DE equal to the 
height of the arch; draw A/ and Cg parallel 
to DE, and make Af and Cg equal to about 
two thirds of DE. Join /E and E^. Di- 
vide Af and /E each into the same number 
of equal parts, and through each two corre- 
sponding points of division draw a straight 
line. All the lines thus drawn will give one 
half of the curve. The other half may be Fia. evs. 

drawn in the same manner. To Jind the joints of the arch-stones to tins soft of arch. ]}roceed 
as for a plain arch in the last example, as shown by Jig. 629. 






1943^ Besidfs the rule given in par. 1938, To draw a Gothic arch to any given dinun- 
iscnf, the following plan has been put forward for finding the curves of arches and ribs, 
fundamental rule that the curves should spring from the line of the impost has belb 
KlMndoned by many; one centre was to be taken a little ^Mive this line, another a little 
telow It, and so on. The following rule furnishes a prineipie which gives th^ centres oi 
au these curves with perfect certainty anC perfect hatnvony, at the same time furnishing 


;Chav. II I« 


MASONRY, 


591 


what is a further requisite, an independent projection for eachf rib. The author, insists 
that these curves were always dliptical. If the arch to be drawn be Im in height than 
the half width, let 629a.) be the half width; BC the height ; join AC ; draw lineo 

from B and A perpendicular to AC, and the points E nnd D are those required. Then 
EC will be the smaller radius, and EC added to AD will be the longer radius. For 
arches whose height is greater than their half width {Jig, 6295.), draw CF and BE perpen- 
dicular to AC, then EC will be the smaller radius; and EC added to CF will be the 
longer radius. The author of this theory is Thos. L'Aker, as read at the Liverpool Arch. 
Society, 16th October, 1850, and printed in the CVciY Enyiarer, vol. xiii. p. 365. See 
par. 2002d, 

1 9435. Although the term arc en tiers point is still used in France for an arch enclosing 
an equilateral triangle, as it was in the time of De Lormc, that architect, in his work 
entitled Nouvelles Inventions pour bien bastir, published in 1578, showed that the arc en tiers 
point was obtained by division of the space into three equal portions, of which two gave 
the radius. I'he arc en quatre points was obtained by division into four, three of them 
giving the radius. This mediaeval mode of determining some of the shapes of pointed 
arches, was noticed by Professor Willis in his elucidation of Wilars de Honecort’s Sketch-book, 
1859, p. 138-40. He is disposed to call the equilateral arch, the arch of two points; 
mentions arches of six points; and instances cases with a radius of five-sevenths and a 
radius of five-eighths, besides the occurrence of a centre placed to the extent of half the 
span outside the springing point. The same authority observes that the true method was 
forgotten soon after the disuse of mediaeval art, as Viola Zanini, in his book Della ArchUet- 
turn, published 1629, defines the terzo acuto as the arch on on equilateral triangle, tlie 
quarto aento as the arch on a square with the diameter for radius, and the qumto acuto on 
a pentagon : these last are respectively rather higher and lower than the true arch of foui 
points. The term point is here used as meaning a division, and not a puncture. 

1943c. 'fhe Professor has also exjdained, p. 141, that to 
know the extra length of a voussoir at the top* of an arch ol 
2, 3, 4, or 5 points, the radius may be prolonged through 
the point P (Jig, 629c.) of the arch to any extent S ; then PS 
being divided into twenty-four parts, a line from S may be 
drawn parallel with the springing line to T, and respectively 
12, 6, 8, or 9 of those parts in length ; which will give a 
point V, so that PV will be the line of the central joint. 

1943d. The construction of ogee arches is very simjde ; but 
as will presently be shown, the rule is open to judicious 
variation. The general principle is to draw the line of the 
nose Z, (Jig, 629d.) of the hoodmould ; to take a point upon 
that line ; to draw from the springing a line through that point to the centre line, to accept 
the place where the centre line is cut as the height of the ogee, and to find in the usual 
manner the centre for the upper part of the ogee. The following directions are chiefly 
taken from Viollet le Due, Diet. 

1943e, To draw an ogee arch of one point (Jig. 629d,). Bisect the span in D, draw the 

centre line CD, describe the arc AG, 
bisect AG in E, and through E from A 
draw a line cutting the centre line in 
^ H ; through H dmw FK parallel to the 
K springing line, and through E from D 
draw a line cutting FK at M, which 
will be the centre for the upper part of 
the ogee arch. In some cases, as in the 
figures 629e,/, and 5, the three points 
KMN form an equilateral triangle. 

1 643/. To draw an ogee arch of two 
points (Jig, 629e. ). Bisect the span AB, 
draw the centre line, and describe 
9 the arcs AGB; then divide GB into 
five parts Gl, &c., and proceed as before. 

1943y. To draw an ogee arch of 
three pomh ^g, 629/ ). Repeat the 
above operations, observing to divide 
the span AB into three parts, AE, EF, 
FB, and to divide OB into four parts, 
Ol, &C. It will be observed that in 
Jig, 629g, (from Pugin), AB is divided 
ine. 699^ into three parts, and tlie centres £ with 

F serve to describe the arc%on their own sides of the centre line ; that the distances AX, 
IJ, and 1ft ore equal, ond Unk EkI is equal to EL 
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Fi«. n«. Ma/s mg^ Fif. am. , 

1943A ^ dtam M ogm orck nf fwr (Jtp* 6S9A.). Biiect tht ftpan* diraw the 

eentre liiMk fix t / 

the four points, v / 

and deaeribe ‘ "" — ■ - — ^ 

the arcs AG^ — > rr - - I . 

GB; then di- j L LS 

>id6 GB into ^ It It ^ 

four partAauprd II \\ 

proceed as above indieated. But N. 

a difference is tauj^t by an ithis- N. ^ j/J VA 

tration adduced by Viollet le Due, N. / \\\ 

to show another feature of medis- \\V 

iral art. In Jig. 6‘29i. it will be n. 

observed that the arch G A is di- N. fi/M 

vided into five portions, and that N. /j i Gh 

the line AH is drawn through the second di%i- N. 

non. The line Fi produced, cuts the horizontal ^ 

line JH in M; or 2H may be bisected, and a 

perpendicular obtained meets in the point M, 

for tJie ogee line SH. A centre N has been ns- //'/! A. 

sumed for the line HR ; and also another centre, / if M ^ A \\\ 

O. for the line PP, both lines being drawn each Ij / / / \ \\\ 

way from T ; from which arrangement it rbsulis / /fA / \ \\\ 

that the lines A2H, Rl R,and PI P,are not paral- j 11/ ^ 1 t ] 

lei for their whole lengths. In some cases L ^ i 

line of work mu«i be the centre of a fiUet or of a t - ^ - u, 

boltel. It should be noticed that sonie very Pif. WW. 

good decorated work of the middle of the I4th century, uses five-eigbthf of the space 
for the radius, and finds the centre of the ogee curve upon a line drawn from th|4 
centra] point of radius at an angle of 4d® with the lloti« 
zontal springing line. 

1 943i. 7b draw a cusped ogee arch (Jig- 6 '9h. ) Proceed 
as ab.rve described for an arch of one point as far as the 
construction of the horizontal line JK. Then from the centre 
F through £ draw a line, and theseon make I U equal to I S, 
l>eing so much of IF as is intercepted by the eentre line of 
the pointed arch ; and then on the horizontal line JK make 
WH equal to IS : thus a^v obtained the two centres for tlie 
cusp. But Viollet le Due appears to prefer another mode, 
wiiicb very slightly differsin result He draws SI produced 
at an angle of 4.0^ with the base Hue ; on this W ffit|rl;bG^U, 
which is the half of a semicircle, equal to GA^ ffxing lU, 
and continuing the process as in the former method. 

1944. I!. Or ths CoNsravcTioif or jNrdksxcTiNO 
Vaults ok Gkoins. Tlie forms of vaults may be so adapted 
to one another that the lines of intersect) on shall be in planes, 49ife. 

and these planes the diagonals of the plan of the intersecting part of tlie vauh»; howevee, 
th^y4>e not so adapted, the lines of intersection will be ourv^ on the plan, and these Mirves it 
^ §ll^net9$attrjr to ascertain in making both the moulds and the centerings for executbigHha work. 
^1945. 7h datermine tha/orm of a vault to inter$eet with a givaa one ia the ptum of tk$ 
diagonal, and aUo tojind the diagonal rHf/or the eentening^ Let the {^Tfit vault be EIP 
(Jig, dffO.) and AC and BD the diagonals, crosdng in^. Draw fl paip^ioolar to EF, 
euttittg £F in c. In the arc 1 F take any number of iioints ok, and dfow op, bh pii^lel to 
Ift cutting £F in d; e, and the diagonal AC in g, A Draw g^Appaihilkl to £F,outtliif 
,tlie base OH at m, a, o. Make mpt wo, or^ each reiq»eetive]v afftiia to e|« dit, «A Dfaw/lt 
gk, hi, ptipendiealar to AC, and make/V, gh, M respeotM^ equal Udm 
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fp\ fK each respectively equal to fg^ fh. Draw g*k\ hT parallel to fV. Make p'k' equal 
to ffkt h'V equal to hi ; also make mn\ mW each respectively equal to mn, mo. Draw the 
aresp^* as also Vki, VkT; then, through tile points thus found, draw the curves upon 
their bases AC and Oil, and tliat on GH ts the form of the intersecting vaults, and that 
on AC is the form of the angle rib. If tlie form of the given arch be that of a semicircle 
£IF 631. X let A BCD be the angular points of the plan, AC and DB the 
diagonidsw cutting eaeh other at M. Draw MK parallel to GD, or CH cutting GH in N. 
Draw Mli perpendicular to AC, and make ML equal to the radius of the semicircle. 
Then, with the transverse axis AC, and semi-conjugate axis ML* dbacribe a semi-ellipse, 
which will lie one of the angle riim, as required. Also make NK equal to the said radius; 
then with the leaser axis and the aemi-greatcr axis NK describe the semi-ellipse GKH, 
which it t^M form of the other vault. 

1946. The same xnediod eppHea in fy, 632., where the narrow opening ie a semiH^rcle 


E 
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and the wide one, oenaegeently, a eend-elltpse, having its minor axis vertical and its m^jor 
axis liorixontak 

1 947. ITAen iwo cffcadhsMirckcd eoiilCt dfflhmt heigkta fattrsed, to ttetermine the pUm. of 
the atriewe in ickiek the nrelmi meet. Let ABC {fg. 633.) be the arch of the main vault, 
and DBF that e^Hm lemer vault ; ACLO ^ plan of the main vault, and D1*QF that of 
the lesser vault; and let the two vaults iptorsect each other at the points HKNM. Also, 
let £ be the mkkile l^int of the lesser semicircular arc DEF. Produce HD to r, and in 
the arch DE take any number of points r#, end draw r6, so, El parallel to DH. Draw 
rt* «a, £v parallel to 1>F» cutting Dr at the points far, and produce HC to G. la CG 
tnake Cip, Ca^CO respectively equal to Df, Da, Dr, and draw wr, ay, GB parallel to AC, 
outtw Ike ssnsi-otrale ABC in the points ayR From the points Byx draw BI, yo, tS 
parallel to CL. Thoa thtough the points Ia& draw a curve, which wiU be one half of tkO 
^ tttris. The odmr naif will be found in tlie same manudlr. 

194& Tilt melliod of tracing the plan of the groins is the same (woe Jig* 634.) when the 

wultiaUmrt^Mividy. . 

1949. njMiUpImuftll* iuterMcHons of two arckee of th$ warn keigkt^ ami either of the 
^ MSMS, lat ^ seefione of the two arches be ABC and DEF (Jig* 635. )» 

Arcs ARBCmdnir enual to each other, and the arcs DE, KP equal to each other; 

QQ 
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tinl let H, K, N, M be the points where the two arches intersect each other on the plan. 
Divide either of the arcs BC or D£ into parts, equal or unequal ; as, for example, in the 
arc DE take any number of points r,« at pleasure, and draw ro, El perpendicular to DF. 
Produce HO to v, and draw sw, Ea, parallel to 1)F, cutting Da in m, t». Produce HC to 
G, and make Cic, Car respectively equal to D/, Du ; and as the arches are equal in height, 
CG will be equal to Do. Draw loy, xzy GB, parallel to AC, cutting the arc BC in the 
points y, z, and touching it in B. Draw ya, zh and BI 


parallel to HK, and through the points H/i51 draw 
tlio curve Ha/il, which will he half the plan of the 
groin as required. Tlie other half IN and the other groin 
MK will 1^ found in the same manner. 

* 1 950. To find the plan of the groins produced hg the 

intwseetion of a cylindric and a conic vaults the angle of 
position of the axis^ the diameter of the cylinder^ and the 
plan of the conic vault Imng given. Let AB (fig» 636.) 
be the axis of the cylinder, CD that of the cone, C 
being the apex, and D the |l|ilnt through which the 
base passes. Through any point A in AB draw EF o 
perpendicular to AB, and make AE and AF each equal 
to the radius of the cylinder, and draw EH and FI 
parallel to AB. Through D draw KM perpendicular 
to CD, and make DK and DM each equal to half the 
diameter of the cylinder. Join KC and MC, cutting 
EH and FI in the points N, O, P, Q. Divide the semi* 
circles FGE and KLM into parts, whereof *the corre- 
sponding ones are equal to ond another. From the 



points of division in the semicircle EGF draw lines 
parallel to AB ; and through the corresponding points 
in the semicircle KLM draw lines perpendicular to the 
diameter KM, cutting KM. From the points of section 
draw lines to the apex C of the cone, cutting the former 
drawn through the points in the semicircumference 
FGE. Through each set of corresponding points draw 
a curve, and the two curves will represent the arrisses of 
the groin on the plan. If in an octagonal ground vault 
the octagonal range be cylinders, and the cross vaults. 
Which tend to the centre, diminish to a line of the 
height of the vault, the following construction applies : 
— Let EFGHl (fig. 637.) be the exterior side of the 
vault, which is both equilateral and equiangular, and 
let JKLMN be the line of the exterior sur^e of the 
inner wall; so that the lines £J, FK, GL, HM, IN, 
which pass through every two corresponding angles, 
may tend to the centre O of the groin vault. Let the 
sections of the given ribs be PQH and STU, so that 
PR of the rib PQR may stand at right angles to the 
sides EF and JK and the sii^e SU of the rib STU 
on the middle of the side FG. Divide the two bases 
I’R and SU in the same proportion, and through 
the joints of division in SU draw lines from the centre 
O of the ground vault to meet the curve h§TU ; 
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through tlie points of division in the base PR of the cross rib PQR draw lines parallel 
(o KK» to terminate in the line FK, and in the semicircle PQ,R. From the points where 
these lines meet FK» draw perpendiculars on one side of FK, and make the heights of 
these perpendiculars respectively equal to the ordinates of the arc PQR ; and through the 
ends of these perpendiculars draw a curve FVK, which will be the angle rib. From the 
points of meeting in the line FK draw lines parallel to FG, and through tba^j^ints of 
division in SU draw lines to the centre O, intersecting the former lines drawn from the 
points of division in FK ; through the corresponding points of intersection di^aw the 
curves SBL and KBU, which will form the plan of the angle. 

1 951. In tingle groins the centres are made for the widest avenue, and are cov«ne4ipVer 
with boards (>fp. 638.), so that the top of the boards may form the surface reqi^ied^br 




lui'uing the arch upon the intersections ; or the angles are found by the following practical 
method. The groins meet in the points I, C (Jif. 639.), upon the boarding of the two 
groins. Place the straight edge of a lioard upon the point 1, so as to range over the line 
GH on the plan Then set up another straight edge upon the point H, so as to be vertical, 
and the straight vertical edge will meet the horizont^ edge ; then apply a third straight 
edge to each of the other two straight edges, so that it may also come in contact with 
the boarding. After this draw a line along this third straight edge upon the boarding as 
far as may be found convenient ; shift the moveable or third straight edge, and apply it m 
the same manner to another adjoining portion of the surface of the boarding. Proceed in 
the same manner until the whole line l>e completed on the surface. By this means, the 
necessity of laying down lines for the covering is avoided. The lines being thus drawn, 
ribs fur the cross vaults are fixed on the top of the boarding ; so that, making proper 
allowance for the thickness of the same, its surface, when fixed, may form the true surface 
of the other cross vault. The ribs fixed upon the boarding to form the cross vaults are 
called Jack ribs. 

J 952. The mode of constructing the curves b^ lin^ is shown for a rectangular groin in 
/ly 640., in which A is the plan, B the elevation. 

Here, to find the pliant moulds for forming the 
groins on the surface of the boarding, and working 
the arch-stones, describe a semicircle on one of its 
hides, and divide it into any convenient number 
of equal parts. Draw lines perpendicular to the 
base or diameter, the semicircle being supposed to be 
within the piers; the turdinates will cut the diago- 
nals ; but if it be laid down on the outside, the or- 
iinates must be produced until they cut the diago- 
nals. From the points where the ordinates cut the 
eurye, draw lines parallel to the other side of the 
f?roin, and produce the tide on which the diameter 
^f the senucirole is placed, and extend the semicir- 
mlar arc with ita^ divisions upon any convenient part 
)f the line thus |>toduoed. Through the points of 
iivision draw perpendioulars, so as to intersect with 
he formw parallel lines ; then through the points of 
ntersectioA dra^w the curve, as shown at C, which 
be roquil^ 

1953. SemeBpies several vaults meet in one com- 
mon eentrtbiiea m 641., which exhibits the plan 
** •tt eqf lwW iy u htir and equilateral groined vault, 
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Fig. 641. Fig. 64« 


i 954. Where the piers supporting groins 
t}42.) are made octangular, the angles of the 
groins should be cut off or arched as ribs, by 
which they are rendered much stronger than 
when they are square. In stone groins, where 
the arch is cut off, there is no advantage in point 
of strength, and rather a defect in point of np* 
pearance, to the groined angles. 

1955. Arches intersecting a coved ceiling ore 
similar to groins. Such arches arc called lunettes, 
and are generally practised for semicircular- 
headed windows piercing the coves in the ceiling: 
fg, 643. exhibits a plan and section of such arches. 

1 956. A dome is a solid, which may be con- 
ceived to be generated by the figure of the bise 
diminishing as it rises, till it becomes a point at 
the summit ; and when a dome has a polygonal 
base, the arches are plain arches, and the con- 


struction is similar to that of a groin. A j 
ceiling of this kind upon a rectangulai||| 
shown in plan B (^< 7 . 644.); the sectS 
being elliptical in the top, and with lunS 
dows. C shows the geometrical coustrili 
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1957. When archet ifUertect an inclined vau^, and the prqfeeHonk of the artieme 
each other at right angUt, and the angle of elevation of one of the aemicirenlar vertical ribn 
of the ascentUng avenue or opening is given to oldain the geometrical construction ; so that 
the cross areM^ag be cylindrical surfaces. 

Draw the 4l%ht line AB (fg. 645.) to 
represent IS of the inclined vault, and 

draw CD perpendicular to AB. Produce 
CD to e and h\ make AC and AD each 
equal to the radius which forms the edges 
of the ribs; draw AN parallel to AB, and 
make the angle NAo equal to the inclination 
of the axis represented by its plan AB. In 
the line ho take any point />, and draw qr 
parallel and ps perpendicular to AN. Make 
ps equal to AC or AD, and through s draw 
L< parallel to hp. Draw pu perpendicular 
to hti cutting it in u. Produce pu to v. 

Set the circumference of the inclined vault 
from u to r, divided into the equal parts u, 1, 

1,2; 2, ; fiv, at the points 1 , 2, 3. Divide 
each of the quadrants qs^ «r, into the same 
number of equal parts at the points 1, 2, .S, 
and through these points and in uv draw la, 

26, 3c parallel to vt^ and through the points 
1, 2, .3, in the curve qs, draw iL, la, 26, Sc, 
parallel to pu. Through all the points 
L, a, 6, c draw the curve "Labev, and this will be the pliable mould for forming' the angle or 
groin over the plan, and for working the arch stones. Draw DA parallel to Az. Let K 
divide the circumference CED into the two equal parts EC, ED ; divide the arcs DE, EC 
into the same number of equal parts as uv at the points 1, 2, 3, and draw lu;, 2x, 3y, £?, 
parallel to AB ; also through the points 1, 2, 3 in the quadrant qu draw gk, lie, 2j, 3y, wz, 
perpendicular to yN ; then through the points A, ic, z, y, z, draw a curve, which will be the 
plan of the groin whereof the .stretch-out is hahev. In the same manner the other half of 
the plan will be found, as also the whole of the other parts. 

19.58. The form of an arch crossing an inclined groined vault at right angles^ and the plan 
of the diagonal ribs being given j to fnd the arch of the level vault. Let AB, BC {fg* 646.) 
be the plan of the axis of the vaults. Through any 
jjoint A in AB draw DF perpendicular to AB, and 
make AD and AF each equal to the horizontal 
breadth of the vault. Draw DG and FH pa- 
rallel to AB; draw also any line LK parallel to 
AB, cutting BC in C, and make the angle KIL 
equal to the inclination of the axis represented by 
its plane AB. Make CM and CK equal to the 
breadth of the level vaults ; draw KG and MN 
parallel to BC, and let MN cut DG in N, and FH 
in P. Draw the diagonals PG and NH. Pro- 
duce GK to cut IL in L, and NM to cut IL in Q. 

In the curve DEF take any number of points a, 
by Cf and draw ad, be, cf parallel to AB, cutting DF 
in the points p, q, r, and the diagonal G P in d, €,f, 
and the diagonal IIN in the points d',e',f'. Pro- 
duce BA to E, draw dl, em, fn. Bo parallel to BC, 
cutting Q,L in the points y. A, «, A / make gl, hm, in, 
ho equal respectively to/w, qb, rc, AE; then through 
the points A m, n, o, draw the curve QoL. Draw HR 
perpendicular to NH, and make HR equal to KL, 

and join NR; then will HR be the line of ramp for fig. 646. 

tlve diagonal rib over its plan HN. Perpendicular to HN, draw d'u, e'wtfy, BG cutting 
tile line of ramp RN in the points s, t, u, v. Make ev, tw, uy, vG respectively equal 
to pa, qh, rc, A E. Then through all the points v, w, y draw a curve, which will be the 
angle rib standing over HN, and which will also serve for the angle rib standing over 
All the groined vaults continued in the same range may be constructed by the same 
moulds, 

1959, To make the working drawings for a eemtcircular arch with a straight face, and 
to describe the moulds for the voussoire. 'Hiis simple case will serve as a rule for those fol- 
lowing ; hence the explanation should be perfectly understood, as all the other cases differ 
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from it only according to the different kinds of arches to be constructed ; such as the beveBed 
archy that in a batierinff or glopinp toaU, and that on a circular wall. 

1960. Draii two lines ijig. 647.) perpendicular to and crossing each other, as BA, GD 
From the point £, as a centre, describe 


the soffte curve ACB, and the extrados 
or upper curve FGH. Divide each of 
these arcs into two equal parts, as the 
dotted arc ahc. Draw LM parallel to 
AB, and make the distance A^L equa) 
to the thickness of the wall wherein the 
arch is to be constructed. Draw the 
outer and inner lines of the plan F'K, 
AX, £'M, HN parallel to CD. Divide 
the arc ACB into the proper number of 
equal parts for the arch stones or vous- 
soirs, suppose five, by the joint lines 1, 
2, 3, 4; from the point E draw the 
joints 1 — 5, 2—6, 3 — 7, 4 — 8 ; then 
from every point where the joints cut 
the arcs ACB, FGH, Ac. draw the 
perpendiculars cutting the line KN, 
as Sd, cM, 4/, Ai, 3A, 2/, 6o, 

ip, aL, and 5t. Divide the soBte of 
each voussoir^l, 1 — 2, 2 — 3, Ac. into 
two equal parts u, v, w, from which 
also let fall the peipendiculars ^Y, uX, 
eV, tvT. 

1961. To draw the moulds of the 
Mojite below NK. Draw the line OP 
parallel to the line KN ; prolong ED 
to Z and make the distance QZ equal 
to ED. Through Z draw RS parallel 
to OP, and on each side of QZ lay off 
the distances C3, 3r, t74, 4w, and tcB 



respectively on Qar, xy, ya, o6, and AP. g 47 . 

On the other side lay off C2, 2a, u\, 

H and < A on Qc, ct/, dc, ef and fO. Through the points O, e, c, x, a let fall on llStlie perpen- 
diculars OR, ea\cd\ xc\ ad^ PS, and through the points/, d, y, h let fall the perpendiculars 
from the middle sheetings/;', df\ yg\ hh’ % the distances of the dark lines give the breadth 
of the sofite of each stone in the sofite curve. 


1 962. To draw the moulds of the joints : lay off the distance 1 — 5 on cy, cA, a:i, aA, and 
through the points ghin draw the lines yy. A/, im, Ap, parallel to QZ. To find the middle 
of the joint divide the distances cy, cA, xiy an, each into two equal parts, as in A', m', g', s, 
through which draw the lines kT, m'n\ yV', s't parallel to QZ. 

1 963. The elevation is a section of a hollow cylinder, of which the concave or interior 

surface forms the intrados of the arch, and the convex or exterior surface the extrados, and 
of which the cutting plane of the section is perpendicular to the common axis of the 
cylinder. , 

1 964. The angles of the stone are found from the angle which the arc of this section 
makes with any joint, and the curving of the sofite of the stone is found by a ruler or 
mould, the edge of which is made to the curve. The ends of the sofite are found by its 
devclopement. 

1 965. When the stones are shaped according to the moulds, 
and joined together in consecutive order, the whole mass, thus 
united, will form the solid arch as required. 

1966. lliese separate operations l^ing properly attended 
to, every difficulty will be removed, and no confusion will 
arise during the process, which can, in any degree, tend to per- 
plex the delineator. 

1967. To find the bevels and moulds for the joints and sojites 
of an elliptical arch cutting iddiquelg through a straight wall, 
the wnts radiating to the centre of the opening. Draw the axis 
EN of the arch (/y. 648.), and therein take any point E, 
through which draw AB perpendicular to £N; make EAand 
£B each equal to half ^e space of the exfrados or centre 
line of the arch ; also make EC and ED each equal to half 
the qpon of the inner arch. Produce the diameter NE to G ; 
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make EF equal to the height of the inner arch and EG equal to the height of the outer 
trch. On the mi^or axis AB, and semi-minor axis EG, describe the semi-ellipsis AGB, 
urhich is the extrados of the arch. Also, on CD as the miyor axis, and EF the semi-minor 
axis, describe the semi-ellipsis CFD. 

] 968. Make the angle ABH equal to the angle which the wall makes with the right 
section of the arch, and let BH cut the axis in K. Draw ML at such a distance 
BH that they may comprehend between them the thickness of the wall, and let cut 
the axis in N. The intrados of the arch on the one side of the wall is OPR, and the 
extrados is LQM ; they are l)oth ellipses respectively of the same height as the intrados 
and extrados of the right arch, but with the axes OB and LM. 

1969. To Jind the bevel of tlu angle of the arch stones corresponding to the joint ah 
tending to the centre E. Describe the arc he from £ with the radius £6 cutting AB in 
c. Draw bg parallel to EN cutting BH in y, and draw cd parallel, and gd perpendicular* 
to EN, and join Kd: then EKd is the angle or bevel required (Jig. 648.) 

1970. The sofite ol^e arch is drawn according to the general principles of developement 

1971. To make the Hiprlhing drawings for an arch in a sloping wall, as, for instance, an arch 
in a terrace wall. To draw the elevation; from any convenient point o in the line AB 
(fg. 649.), describe the arc of the intrados ^ 

rtiy and the arc of the extrados AQB: di- ^ 

vide each of these arcs into odd numbers of \ | 1 /; 

equal parts (for the arch stones in this ex- \ ^ !_\ ^ i a- 

ample five), and draw the joints bg, ch, di, ek. gFsp gj?" 

For the plan of the arc of the intrados draw M jij ' 

A R perpendicular to A B, and draw the line \ \ f M ^ \ \ 

of slope or hatter AS. In the arc of the in- \f " / i \ 

trados take any number of points bed, &c. JA al; o | L B 

and draw the lines bb, cc, intersecting AR in }j "I if 

the points 1, 2, 8cc. and meeting the line of !! ' ' i { 

batter AS in the points 6c. Draw CD pa- 

rallel to AB, and at any convenient distance j ifc 

from it draw aubvew perpendicular to CD, ^ 

intersecting it in the points e, I, n, Ac. Find • — li 111* 11 

the points 6', c', d' in the straight lines 6f), fwte, ^ j I'" * I 

nx, such that the distance of those points j ! :! j j | 

from the line ED maybe respectively equal i j I Ml {|j 

to the intervals 16, Ic, &c. between the per- — ; iLij Wj — — ir 

])cndicular All and the line of batter AS, „ p q ^rn" 

and draw the curve a' b' c' d' e' f', which will | T] 1 j | 

be the plan of the arc of the intrados. In i yi 5 ' { | 1 Iff* 

the same manner the curve 'Eg'h'ikD may be ' '**' * i ! 

described; which being done, the plan of the «i||j||l||| 1 1| ' J j | i 

arc of the extrados will be obtained. jj 1 1 • M 

1972. To Jind the moulds of the sofites | I 1 1 [ ' ! ! ' f 

and beds. Draw any straight line III in a | ||jj|||{|| 1| j || | It li I |l 1 

separate place, and extend the arc of the in- a" •v" n 

trados abedef upon the line HI from II to I ; 549 . 

divide it into the same number of parts that 

the arc al^'of the intrados is divided into (in this instance five), and mark the points of divi- 
sion r, m', n', c'. Transfer the distances ea', W, me' between the line CD and the plan of the 
arc of the intrados, to the perpendiculars n"a", l"b", m"c", n"d", c"c", and through the points 
'b"c"d''e'f" draw a curve, which will be the developement of the arc of the intrados. Pro* 
duce the lines I'b", m"c'', to v", w", x", and transfer the distances b'v, cw, dx from 

•he plan to the sofite on the lines b"v", c''w", d"x". Draw ga", hb'\ ic", kd!' perpendi- 
cular to HI; transfer the distances g'a, h'h, i'c from the plan to the sofite upon ga", hb'\ 
and join a''v", b"w", x"c", which will complete the moulds of the joints. 

1 97.^. To make the drawings for an oblique arch by an abridged method. The following 
method is said to be abridged, because, by one very short operation the moulds of the 
sofites and joints are found within the plan of the arch ABDC (Jig. 650.). Divide AB 
m E into two equal parts, and draw EF parallel to AG. From the point A draw AG 
perpendicular to AC; prolong DB to G ; divide AC into two equal parts in the point H. 
I rom H, as a centre, describe the arc AFG, which divide into voussoirs, and draw the 
centre H, Draw lines from each sofite parallel to EF, and below the line 
; the moulds for the sofites are comprised between the parallels of the key, and those of 
‘c joints are traced on the sides of the plan, as follows : — 
r niovlds of the sojites. Through the point Q, draw QN parallel to 

^ il. To find on RS the point N, through the point K draw KL also parrallel to GH. To 
a on Q.F the point M, and on KS the point L, draw the front line of the second sofite 
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If N» and the front line of the first IL. The 
back of tlis sheeUng iofite is found by the same 
operation below the plan. The mould of the 
key is formed by two lines RS, QT, and the 
front and back lines of the plan AB, CD; the 
two moulds of the sofites NMTS and LIXV 
serve to trace the two stones on each lude, ob* 
serving only that the lower arrisses of the sofite 
on the side AC become those of the top on 
the side BD; or that the under arriss of one 
side may be that on the other side by reversing 
the mould, which will have the same effect. 

, 1 975. 2h jind the moulcU of the beds or joints. 

Prolong NQ, to meet DG, to find the point P, 
and through it and the point £ draw the front 
of the second joint P2 ; prolong LM to GD to 
find O, through which and the point £ draw 
the front of the joint 03. Proceed in the same 
manner to find the backs of the other joints, which 
are sufficient also to trace the stones by reversing 
them. It is not absolutely necessary to cut out 
the moulds of the sofites and joints, but the 
angles may be taken by bevels and applic<l to 
stones, llie heads arc prepared, as usual, with 
the moulds of the heads of the straight arc. It 
must be ol>served, that in this arch the face or 

front differs from a straight arch, being formed by different sections of a cylinder. 

1976. To find the moulds for an oUtque arch, whereof the front slopes and the rear art j 
pendicular to the axis. Let A'B'GH {fig. 

€51.) be the plan of the imposts. From 
the point a, as a centre, describe the arcs 
ACB, DR I, which divide into fire or more 
equal parts for the arch stones. Draw 
the joint lines from the centre, and the 
perpendiculars from the joints below the 
line AB, Fron the summits of the per- 
pendiculars, draw lines parallel to AB, 
to terminate in the perpendicular DF. 

From the point D, as a centre, describe 
arcs from the points which terminate in 
DF, to meet the line of slope D£ in the 
points m, /, A, £. Draw the lines Tur, /r, At, 

EF parallel to AB, meeting the perpendi- 
cular DF in the points r«tF j transfer the 
distances m, tkf «P from n to from o 
to d, from n* to s\ and through the points 
A'AVdVB' draw the curve. Find the 
extrados or outer line lifghi in a manner 
sinular to that in which the inner curve 
has been found. Draw the points bf\ e!g\ 
d'A, c'l. Prolong AH and BG to K and Fig. 65 i. 

and draw the lines l>'6, c"c, d!d parallel to AK. 

1977. To make the straight arches. Draw KL perpendicular to A'K, and produce KL to 
/^and g. Transfer the distances between the points m, ^ A, £, and the line QD to tho 
ordinates of the lower arc from b to u, from e 
to w, from d to x, and from e io y, and draw 
the curve KviaryL. Also find the outer curve in 
the same manner, and draw VT at right angles 
to AH. 

1978. To find the moulds of the sofites. Draw 

the line WX i^fig. 652.) in any convenient sur- 
face, and lay tiie breadths of sofite, not from the 
arc ABC as before, but from those of the right 
arc KvtrxyL, that is, transfer the distance Ke, 
wwt WX, xy, yL to the line WX upon Wa, ab, be, 
cd, and dX. Through the points 'WabedX, draw 
thf Ufles ifyf si, fk, ffi, Am, yz, perpendicular le fif-osa* 
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WX. Transfi# tlie ditUncet 1 A, 36', Sc', 4<f, 5c' upon the perpendiculars to WX t that 
is, fiom a to 0 , from b toft from e to p, from dto ht and from X to jf, and Join die, ^tfjg% ghf 
hy. In the same manner draw the line yiklniZt which will complete the sofites. 

1 979. To find the moulds of the joints. Transfer the distances vfi, wy, sB, yt, to the line 
XW from a to a, from b to from o to *>, and from d to 5, and through the points, a,i3, 7, 5 
draw the lines nr, os, pt, Su perpendicular to WX. Find the points n, 0 , p, q, as also, as 

10 the preceding examples : then the moulds of the joints will be c/m, /^co, ptfyt hBum. It 
must be observed that the boundaries, or extrados and intrados, Dlil, ACB of the ring of 
the arch, do not stand in a plane perpendicular to the plan, but are supposed to be the 
lines which are drawn on the wall itself ; and this is the reason why arcs are described 
between the perpendiculars DF and the line of slope DE. It must also be observed, that 
the voussoirs of this arch must be cut by the moulds of the heads of the straight arch, and 
the moulds of the sofite must be applied on the voussoirs before the sohte is hollowed. 
Thus, let the first voussoir on the right hand be cut by the head mould on that face of the 
stone intended for the sofite ; apply the first sofite mould, and its upper bed the first joint 
mould, and on its under bed the plan of the impost. Then cut the two heads according 
to these moulds, and hollow the sofite square to its arrisses, using for this purpose the 
curved bevel. 

i £180. To find the moulds fur executing a semiciretdar-hcaded arch in a mass of masonryt of 
which one of its faces is a battering plane upon an oblique plan, and the other opposite face a 
portion of a cylindric surface. Describe 
the intrados and extrados of the eleva- 
tion ; draw the joints and describe the 
plan a'h'c'd'ef' of the intrados (fg. 653.), 
and the plan of the extrados. 

Draw Bll' perpendicular to AB, and 
draw BS', the portion of the cylindric 
surface. From the arc BS' draw the 
plan aTm'n'o /' of the intrados upon the 
line TU, and the plan Tp'fr's'M of the 
extrados in tl)e same manner from the 
arc BS, as the plan of the plane face 
was drawn from the line of slope AS. 

1981. I'o find the fdnn of any joint, 
as that for the line or joint ch in the 
elevation. Bisect ch in v, draw cm', vw', 
and hq' perpendicular to AB, intersecting 
the line VD in the points quc. From 
the points cvh, in the joint ch, draw vc, 
vv, hh, meeting the line AS in the points 
cvh, and intersecting the line AR in tl»e 
points 1, 3, 2 by three intervals, Ir, 3t>, 

24. Find the places hvc of the three 
points hvc on the elevation. In the same manner find the places q'w’m* of tlie three cor- 
responding points ; then will c'v’h'q w'in be the plan of the joint required. The plans of the 
other joints will be found in the same manner. 

1982. To find the joint mould itself. Draw the line HI (fg. 654.) equal in length to the 
developement of the intrados and let He 
be the developement of tfie arc <fc ; draw 
vni" perpendicular to III. Draw any line 
W X in the plan ])arallel to V D, inter- 
secting the lines c'm', v'w', h'q', in the 
points 1, 2, 3, Draw W'X' in the deve- 
lopement or sofite parallel to HI, and 
at the same distance from HI that WX 
is from VD in the plan, and let WX in* 
tersect the line c"m" in 1 . Make the 
distances 1 — 2, 2 — 3 respectively equal 
to cv, vh, in the joint ch in the elevation, 
and through the points 1, 2, 3, just found, 
draw VW, A"q", parallel to C'm". From the plan transfer the distances 2v', 2ic', 3A', 3^" to the 
^fite from 2 to V, and from 2 to W ; also from SA" and from 3 to jr the points cvp" will be 
m a straight line, because they correspond to the straight face of the w^l, and ^e points 
^ q" will be in a curve, because they correspond to the cylindric surface. Draw, thcre- 

, irtraight line c"A", and draw the curve line which will be a portion of an 

ellipsis, differing in its curvature but in a very small degree from that of a circle drawn 
through the same three points. However, if more exactness be required, we may find as 
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;|>oints in the joints of the surface of the wall and in the cylindric surface as we please; 
then is the joint required, which serves for the upper and under beds of the two 

stones that unite together in that joint. 

198tf. Find all the other joint moulds h*T'p'’g'\ e"o"a"A", in the same manner, 

and find the points a"/" in the developement. Through the points a”h''c"d"€*y" draw a 
curve line by hand, or by a ruler bent to the points, and this will be the front curve of the 
sofite. Find the points k 'p" in the developement corresponding to the points a' and/ on 
the plan, and through the points corresponding to the points d and / on the plan, and 
tlie points k draw another curve, which will be the deveiopement of the 

other side of the sofite. The developements of each of the parts of the sofite and of the 
two adjacent joint moulds give the three moulds for working one stone and the adjacent 
joints of the stone on each side of it. The angle which each of these joints makes with the 
sofite is found by making a bevel with one of its edges, circular for the intrados of the arc 
of the elevation, and the other to coincide with the joint line adjacent. 

1 984. To Jind the tnotdds for executing a gateway in the quoin of a eloping waU, Let 
A BCD {figS55.) be the plan of the angle 
in which the arch is to be constructed, 
whereof AB is the span. Draw the centre 
line EL, tp which draw the perpendicular 
FG. Prolong the line C A to F, and DB 
to G ; then from the point L, as a centre, 
describe the sofite FHG and its extrados. 

Divide these arcs into equal parts for the 
arch stones, and from the divisions let fall 
perpendiculars, and also from the middle 
of the sofites to EC, ED. From the sum- 
mits of the perpendiculars draw lines pa- 
rallel to FG terminated by the lines of slope 
Set off the slope at the difi'erent heights 
ol, a2, a3, a4 respectively at right angles 
to the lines on the plan, on d \ , 64, 

K5 ; also on the opposite side . lay fl2, o4 
on d2, 64 ; then on one side draw the curve 
A66K, and on the other, to abridge the 
work, join B6, 66, 6K. Again, for the 
outer curve, or extrados, set off cl, c2, cG 
on r/t, rf2, N.3. On both sides draw the 
curve MddO on the one side, and to 
abridge the labour, draw the straight lines 
Orf, dd, dN. 

1 985. 7h find the moulds of the sofites. 

Draw the line PQ, (/?". 656.), on which lay 
the arc of the sofite FHG in the usual 
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manner, making the points 1 , 2, 3, which correspond to the points dividing such arc Into equal 
parts ; then on the lines of the sofite lay the distances 
FA, /6, gb, hhf LK, on PR, Iky 2/, .q/n, 4m, QS, and 
trace the front curve of the sofite RklmnS. Also repeat 
the same on the other side where there is only a straight 
line drawn from one sofite curve to another. 

1 986. To find the back curve of the sofite. Lay the dis- 
tances eOy fpy gqy hr, I^E on P'f, lo, 2r, Su, 4v, Q.U, and trace 
the curve TotuvU, 

1987. To find the moulds of the beds or joints. The 
sofite lines to which the beds belong are 2t and 4v. 

Draw the straight lines eby fd parallel to QU, respectively distant from 2t, 4» by the 
breadth GI of the joint, and let the lines 6c, /d meet PQ, in e and f\ make ea equal 
to gdy and ah equal to dwy and join al, ht; make fc equal to hUy and ed erjual to d.r, and 
join ncy vd. To trace the stones by moulds, prepare the voUssoirs with the head of the 
moulds of the straight arch FH G. The sofite should be hollowed in each voussoir by 
its particular mould : the rest is done as usual ; but it must be observed, that if the 
sofite moulds are made with straight lines in front and near the sofite, it must not be hol- 
lowed till the last. The voussoirs may be worked by bevels, preparing the stones by the 
plans ACVM, B DWG, as for common imposts. Although the arch in each front be not 
absolutely necessary here, we shall give the method of constructing it. I.et the line mn 
I>e drawn apart, on which lay the distances L5, L4, L2, LA on the lines ns, nqy noy nm 
square to mm. Draw the perpendiculars qp, ^r, sty on which lay the heights of the joints of 
the straight arch taken on the line of slope ; that is, lay I2, on op, 14 on qr, 15 on st, and 
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draw the line nit which is the blope. Then draw the curve mprit >nd ftum the point m draw 
the joint lines pv and rX. The centre of this gate is represented (in the upper part of the 
diagram) with voussoirs, and the keystone pla!^ behind to show the mitre of the centre. 
The sofite moulds serve for curving the ends of the stone where the intrados meets the 
surface of the two walls. It must, however, be observed, that, previous to the application 
of the sofite mould, the concave surface of the intrados must be formed by a mould with a 
convex edge, and then the sofite mould or moulds of devclopcment must be bent into the 
hollow, so that the two parallel edges may coincide with the corresponding edges of the 
stone. The angles which the intrados makes with the joints are taken from the elevation 
of the face of the arch. This elevation is no more than a section of the arch perpendicular 
to the axis of the cylinder which forms the intrados. 

1 988. To construct a semicircular-headed arch in a round tower or eirculaT walL Lei 


ABDC {Jig* 657.) be the plan of the tower. Bisect the 

arc AB, and thiough the point of bisection draw EF parallel 1 

to the jamb line AC or BD. Through any point a in EF • ''f‘\ L 

draw GH perpendicular to EF. Produce the lines CA and 
DB to meet GH in the points G, H, and GH will be bi- j 11 

sected in a. From a, as a centre, and with the radius aG or j T"j/| : | M jll ! V 

ali, describe the semicircular arc GFH. Also describe the ^ 

arc of the extrados and divide the arcs each into five equal 'njlj ! 4 1 ) 11 ^ 11 ; •’ 'j 

parts, and let fall the perpendiculars of the joint lines, and *liMP1ll ' 

those of the middles of the sofite curves to the inside circu- 1 1| ! ^ i 

lar line CED of the tower. Having extended the arcs of Bi|JJlj5j_JH* IB j 

the intrados curve on the line IK, and having drawn the ^ j 

lines of the sofites and those in the middle of each sheet as 

before directed, lay off the distances between the right line 

GH and the circular outside line A6B, viz GA on IX and ' 

on KZ, cd on efi Vg on hi, Sk on Im, Mn on op, ab on qr ; A— ^ jBlliiliiiiiii’ T 

then trace the front curve on the sofite XrZ. To find the wB 

rear curve, lay GC on lY, cC on eS, Ac., by which the ||||||||| 

rear curve will be obtained. 

1989. We do not consider it necessary to pursue the ^ ^ 

construction of the moulds, the operations being very si- 
milar to those already given in the previous examples. 

1 990. To Jind the moulds for an oblique semicircular arch in a circular tower^ The 

construction of this differs from the preceding only in the bevel or obliquity of the tower ; 
hence it requires no particular description ; only 

observing, that the bevel causes the mould to be 

longer on one side than on the other {'&QQjig. / 'T'sJ '''A\ 

(>. 58 .), as is evident from the plan; therefore \ 

the distances taken between the right line AB j /Oj i j pTXiX 

and the circular line of the tower CDE, being / - / \ ) \ 

unequal, must be transposed each on its particii- / / n| j j a f'i I 

lar line of the mould and joint to which it cor- ‘"“I 

responds in the sofite, that is, the distance AC j BIH 

must be laid on FG, BE on HI, and so of the Ij !H|i|| 

rest. To work the stones, dress the beds, then I ||||| ||l 

apply the proper moulds and cut the head and || 

tail circular as before. ' Trace the breadth of the 1 1|| ^ 

sofite on the upper bed, then hollow the sofite, fflill J-'* 

and cut the joints by the bevel. 

1991. To coMstruet an oblique arch in a round 
sloping tower intersecting a semicircular arch within 

it. This is nearly the same as the two preceding „ / F 

cases. On one side draw the line of slope (Jig. [* T" ] 1 1 j _ 

659.) AB, and on the other the arc CD. Draw IJJrf’’** iBI liiil 

parallels from the divisions of the sofites and their .--jiHi ||||||| ||||||i 

middles, as in the figure, in order to cut the line ^ rfilM IffP 

of slope and arc. To work for the slope, set off ^ 

all the retreats comprised between the perpen- |||||| PipiP^ 
and the line of slope AB on the 
}!®*^l^iji|||^r8 of the sofite,. square to the front 
If ^ F 1 9 G, as follows ; Transfer 

on 1 9 — 20 by placing the com- Pi-. 

passe.s siPfhat the line 19—20 would pass 

through the centre of the tower, and the point 20 fall on the centre of the gate O — 75, 
and 7—8 on 17—18, and on 21 — 22 in the same manner (only terminated by the lines 
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from tho sofitc initead of the centre line of 
the troll), sot also 5 — 6 on 15 — IG, and on 
SS— 24, 3 — i on 13 — 14 and on 25 — 26, and 
lastly 1 — 2 on 11 — 12 and on 27 — 28, and 
through these points trace the sofite 28 — 20 
->*11. The extrados is found in like manner, 
and the middles of the joints 47, 49, 53 ; which 
done, draw the plan of the joints 14 — 47 — 85, 
J8— 19— 37, 22—51—39, and 26— 53— 41. 

1992. To Jind fhe curve of the plan which 
lerminntes the tails of the moulds* Set the 
projections of the buttress of the semicircular 
arc at right angles to the inside line of the 
tower ; viz. 64 — 65 on 74 — 75 ; 62 — 63 on 
72—73 and on 76— 77 j 60—61 on 70—71, 
and on 78 — 79, 58 — 59 on 68 — 69. and on 
80—81 j 56—57 on 66—67 and on 82—63 i 
then trace by hand the curve 83 — 75 — 66. 
The curves of the extrados and joints are 
found in the same manner. 
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1993. To find the moulds of the sofite. Draw the line of direction 94 — 84 (fiff^ (^60.) 
as before, 1>elow which set off the distances 1 — 1 1 or 
84—85, K— 12 on 86— 87, D— 14 on 88—89, M— 16 *f 
on 90—91, N— 18 on 92—93. 0—20 on 94—95, and 
then trace the front of the sofite moulds 85 — 95 — 99. 

To find the rear, set I — 66 on 84 — 33, K — 67 on 
86—36, L— 69 on 88—100, M— 71 on 90—98, N— 

73 on 92 — 97, O — 75 on 94 — 96, and trace the rear 
curve of the mould 101 — 96 — 33. 

1 994. To find the moulds of the joints. Transfer 
P—19 on 31—54, Q— 37 on 32—48, 1—47 on 42—52, 

R — 35 on 43 — 40, and through these points trace the 
front joint or bed moulds 93 — 54 — 48, 89 — 92 — 40. 

To find the rear, make 31 — 50 equal to PV, 32 — 38 
equal to QX, 42 — 46 equal to IT, and 4.3 — 34 equal to RS; which done, trace the 
curve lines 97 — 50 — 38 and 100 — 46 — 34. The two other joints are found by the same 
method. We do not consider it necessary further to multiply exam])les of the kind here 
given : the latter sort, especially, rarely occur in practice ; and if they should, all that will be 



necessary to master the operations will be 
the application of a little thought and study. 

1995. III. Of Dome Vaulting. In 
whatever direction a hemispherical dome 
is cut, the section A is always the same. 
B represents one half (see fig. 661.) of the 
same in the plane of projection. The con- 
struction is sometimes such that the plan 
is only a semicircle, as B, as in the ter- 
mination of the choir of a church ; in which 
case the French call it a cul-de-Jbur ; with 
us it is called a semi-dome. 

1996. Through the extremities of the 
joints, and through the middle of each 
sofite of the section A, let fall on the line 
ahy perpendiculars, whereof all the distances 
de from the centre c will be the radii of the 
arcs, which will serve for the developcment 
of the sofites, of the joints, and for the 
construction of the arch stones. The me- 
thod which follows, though it will not 
perhaps give the sofites and joints strictly 
accurate, will do so sufficiently for all prac- 
tical purposes. Upon the developcment 
C make SC equal to the arc MDGC, then 
set out to the right of the points of di- 
vision the parts ST equal to st on the plan 
B ; then raise through the points T 
upon tlie Une SC perpendiculars equal 



Fiff. 001. 



MASONRY. 


ecin 
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If we suppose the face or 
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to the correspondents e, f, d of the plan B, and draw the curve ESD through the points so 

^^*10*07 The sofites are terminated by four curves, whereas the joints havetwo right 

DI El and DO, EG, and two curved sides, as II, DE, and. OO, DE; the widths 
pj pQ of the joints are equal to DI, GE of the section ; in one direction they are curv^ 
onlv one way, but as respects their sofites they are so in every way. The heights of tl^ 
voussoirs are given bv the section A, their bases on the plan B Thus G, I, in the vow^ir 
next the keystone, being the most opposite points, the bwe of it on the plan will be compriwd 
between the two arcs dte, which answer to the perpendiculars let fall from G and l. me 
base of the first voussoir, according to the first method, will be equal to the 
prised between the arc cw/and the arc rfw, which answers to the perpendicular let fall from 

and GH are the diameters of the upper and lower bases of a truncated cone, 
whose iower surface is hoUawed out spherically. After working the vou^irs, so « to 
make their bases such as we have just indicated, they must be worked to sohte moulds tor 
civing them the hemispherical form of the section; after which the angles of the moulds 
are joined by arcs parallel to the arrisses of each stone, or by applying a general mould of 
the form of the section, that is, circular, of the radius of the dome. 

1999. For the pendentives formed in an hemispherical me piers 

supposed those of half the dome pierced by the pendentives. 
elevation B {Jig. 662. ) to make ^ 

one quarter of a revolution 
about the point A, we obtain 
the elevations B and C. 

Through the points of division 
on the elevation C draw to the 
arc AD right lines perpendicu- 
lar to CA. On the extremi- 
ties of these lines upon CA, 
and from C, as centre, describe 
arcs in the plan F, by which 
the plan of the projection on F 
is obtained, whose intersections 
with the right iines drawn from 
B will give the joints and faces 
for the level beds. The lines 
HF, FE, ED are right lines. 

The spaces GAEF, FHIK are 
pieces of cylindrical vaulting, 
t>o that the only difficulty is in 
joining to each of their vous- 
soirs their correspondent parts 
in ELMHFE. 

2000. The elevation B gives 
the height of the voussoirs ; 

. . . O ^ X.. .... ^ TfiC 
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their bases, as seen in the preceding example, will be OPQRNO, GSTUVKFG. 
length of the keystone will be X Y, and a — A will be half its width. 

2001. The part FQR is the plan of the springing stones of the pendentive in the eleva- 
tion A. The remaining parts of the construction are sufficiently shown by the lines of the 
diagram, which will be understood by the student if he has previously made himself 
acquainted with the previous portions of this section. 

20Q2. We should willingly have prolonged this part of our labours, if space had per- 
mitted us to do so without sacrificing other and important objects. If the subject be one 
in which more than the ordinary practice of the architect is called upon to put into exwu- 
tion, wc refer him to Simonin, Coupe des PierreSf Paris, 1792, and Rondeletjs Art dM^Baitr^ 
which we have used with much freedom, and in which many more interestmg details will 
be found than we have thought it absolutely necessary here to introduce, though we be- 
lieve we have left no Important point in masonry untouched. Wc cannot close this section 
without paying our tribute Of respect to the masons of this country, who are among the 
most intelligent of the operative builders employed in it. A very great portion of them 
are frtmi the north of the island, and possess an astuteness and inteUlgence which for exceeds 
that of the other classes of artisans. We must not, however, altogether do this at the ex- 
pense of those employed in carpentry, which will form the subject of our^ next section, 
among whom there will be found much skill and intelligence, when the architect takes the 
prop^ey means of drawing it out ; and we here advise him never to be ashamed of such 
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3(X)2<i. IV. Or Caissons ik Ctlikdrical and HESuiifPkEKiCAL VAUtTiiio. 
'^method of setting out the caisaont or sunken panels in cylindrical vaults and doro*^ u a 
w process required almost in every building of importance, Ond imparts, great beauty to tbe 
, eHfect of the interior when properly introduced : it is, indeed, one of the elements in 
aosnposing them, and must tbei^ore be well understood before the student cao lucoeed 
fa developing his ideas. 

^OOSfr. In setting out the ribs of cylindrical vaulting, the vertical ones are supposed as 
llUBng on supports below tlie springing ; but if such supports ^1 too wide apart, the 
eaisMxia themselves will be too wide, and tho space must be divided into a greater number ; 
ixrvrliich case, if practicable, an odd number Is to be preferred, taking care that the caissons 
are not too much reduced in width. This, however, is only for the purpose of ascertaining 
roughly how many caissons may be used in the circuit of the vault ; and it is to be remem« 
bered that they must be of an <^d number, because a tier of caissons should always extend 
along the crown of the vault, ftg, 662a. is an example of a cylindrical vault wherein the 
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number of caissons is five. A is one half of its transverse section, and B a small portion of 
the longitudinal section. The width of the ribs between the caissons is one third of them; 
hence, if the number of caissons, as in the example, be five, the arch must be divided into 
twenty-one parts, one of wliich parts will be the width of a rib, and three will be given to 
the width of a caisson. As we have just observed, a caisson is always placed in the centre; 
we shall therefore have the half-arch =]^ + l + 3 + l + 3-1-1 = 10^ and 10^ x 2 s21. Th* 
vertical lengths of the sides of the caissons thus found will regulate the horizontal lengths 
of their sides, inasmuch as they should be made square. If the caissons in the vault be 
seven in number, as in^^. 6626., the sofite or periphery must be then divided into twenty- 
nine parts ; if their number be nine, into thirty-seven parts ; and so on, increasing by eight 
each step in the progression. The caissons may be single or double sunk, or more, 
according to the richness required ; their centres may be moreover decorated with Jleurona^ 
and their margins moulded with open enrichments. Where the apartment is very highly 
ornamented, the ribs themselves are sunk on their face, and decorated with frets, guilloches, 
and the like, as mentioned for ceilings in Book iii., c. i., s. xxiv. Durand, in bis Coura 
d Architecture, regulates the width of the caissons entirely by the interaxes of the columns of 
the building ; but this practice is inconvenient, because the space may in reality be so 
great as to make the caissons extremely heavy, which is, in fact, the case in tho examples 
be gives. 

2002c. In the case of dome or hemispherical vaulting, the first point for consideration 
is the number of caissons in each horiiontal tier of them ; and the student must recollect 
that allowing, as before, one third of the width of a caisson as the width of a rib, the 
number of parts into which the horizontal periphery (whereof eV on the plan A is one 
quarter, and its projected representation at ee on the section B) is to be divided {fig, 662c.) 
must be multiples of 4, otherwise caissons will not fall centrally on tlie two axes of the 
plan. Thus, 

A dome having 16 caissons in one horizontal tier must be divided into 64 parts. 


20 ditto 
24 ditto 
28 ditto 
32 ditto 


80 ditto. 
96 ditto. 
112 ditta ' 
128 ditto. 


■ad so on inoreesing by 16 for each term in the progression. In the figure, the number of 
caisson! is sixteen. The semi-plan is divided into' Riirty.tfid parts, three whereof are 
given to pheb causen, and one and a half to each hidfi>eaisson on th0 horic^tal axle of tb^ 
^an. From the dm8ioi|s thus obtamed lines Ore carried up to the section oh, ^ 

At the projected representations of the great circles of a spbeta are ellipses^ If h, 

Ik (£ we ooBstruct a series of semUellipsei idioie tranaverie dimetetl are oqual 
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to the 8eint«^di«rmeter of the sphere, 
and their ooi^agitte axes determined 
from the ]ioint8 of interaction 6, 6, d, 
we shall ^ve the vertical sides of the 
caissons. The next part of the process 
is to ascertain the ratio of diminution 
in the heights of the tiers of caissons 
as they rise towards the vertex, so that 
they may continue square in ascending. 

Upon a vertical line CC, whose length 
is equal to the developed length of the 
line of dome e/, or in other words, 
whoso length is equal to one quarter of 
the length of a great circle of the sphere, 
to the right and left of C set out at g 
and g the half width of tiie caisson ob- 
tained from the plan, and make hg 
equal to one third of the caisson for 
the width of the ribs on each side. 

Draw lines to the vertex of the de- 
velopment flrom hh and gg. A diagonal 
hi being then drawn, the horizontal line 
ik will determine the lower edge of the 
next caisson upwards. Proceed in this 
way for the next from I and so on. 

The heights of the caissons thus ob- 
tained, being transferred to the sectton 
on the quadrant tf^ will give the pro> 
portionate diminution thereon of the 
caissons as they rise. They are discon- 
tinued, and the dome is left plain, when 
they become so small as to lose their 
effect from below, and indeed they 
could not beyond a certain limit be 
executed. 

2002(/. V. Of Gothic Vaulting. — Professor Willis, in his valuable essay On th% 
Vaults of the Middle Ages, printed in the Transactions of the Institute of British 
Architects, 1642, states that every rib should spring as a separate and independent arch, 
and that the elliptic curves produced by the method of obtaining the form by ordinates 
from tliose of the transverse ribs, are totally at variance with the characteristic forms 
of the Gothic style. Dc Lorme first taught this method, and others followed him, but it 
was never intended by them to be appli^ to Gothic rib-vaulting. This author shows 
(ch. viii, ) that every rib is perfectly independent of the other in its curvature ; each rib consists 
of a single arc of a circle whose centre is upon the impost levels and they cannot be therefore 
connected by projecrions. They all form pointed arches of different proportions, with the 
exception of the diagonal arch, which is very nearly a semicircle. “ This,” says Willis, “ may- 
have been the genuine French method, but in our English examples the centres are com- 
monly placed witliout respect to the impost level, and the general forms of the vault are 
different from those which are produced in this manner.” Durand, writing later than De 
Lorme, says, “ that in this style the ribs are always made arcs of circles, elliptical or other 
curves being inadmissible ** (p, 177). Willis, later, however, allows certain ribs in a vault 
to be semi four-centred arches,” the others being arcs of circles. (See 1943a.) 

2002e. In the early stage of nh^vauHing'* remarks Professor Willis, “ the ribs consist of 
independent and separate voussoirs down to the level course from which they spring. The 
separate stones were roughly jointed at the back, instead of being each got out of a single 
stone, as in later structures. The back of these ribs is concentric with the sofiite. The 
transverse rib of the north-east transept of Canterbury Cathedral consists of about one 
hundred richly-moulded stonea,''bitt the workmanship isoscaedin^ rude ” 

** rough Obttstru^on of the spandril, in the early instances, was followed at 
once by a more arflndld structure, bespeaking a great advance in the art of masonry; 
and it remained with Ver^ dight change to very, latest period of rib-vaulting. This 
system is shown in fg^ (66UtL The junction of the solid mass L to N with the clearstoiy 
^all, is bounded by pari^ vertical Knes B, and thiaf*mas8 is always built of solid 
tnasonry bonded int^ m will and forming part of it ; the French name for this block of 
masonry is Ms de ekttrw. It is fipm the level of N that the real rjb and panel wprk 
ef the vault begins, & i^i|>arate ribs are erected up<Ki the mkdhoe of tiiii soUd<i aodi 
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connected by vaults of a light material. The decorative constructionf however, of the vault, 
exhibiu the rib and panel from the abacus upwards. The point N is commonly at about 

half the vertical height of the arch, and is not 
necessarily guided by the impost of any clear* 
story rib adjoining. M is tlie general position 
where the mouldings of the several ribs run clear 
of one another at tlie divergence of the ribs. 
The solid part LM is huilt of horizontal course! 
of masonry, generally each of a single stone, 
and its level beds cut the curved mouldings 
obliquely in front.” 

£002y. Holier, Mmnriah^ &c., translation 
1836, p. 154, notices that, at Cologne, the 
lower part of tl)e vaulting of the cathedral is 
formed by horizontal courses of stone pro- 
jecting from the wall, consequently the ac- 
tual span of the vaulting is proportionally 
diminished, while, on the other hand, the abutw 
ment is in the same degree strengthened. Still 
more deserving of attention is the manner in 
which the essential parts arc so linked to- 



Fig. 662d. (See fig. 618d.). 


getber as to be rendered incapable of thrusting or giving way, and therefore of necessity 
remaining in their original position. Price, in his work on Salisbury CathedraU 1753, 
p. 25, quaintly remarks: “And here 1 beg leave to make a conjecture, that is, that all the 
springing stones of the vaultings were iiloerted into the walls at the time of their being 
orected, and so left till the whole church was roofed and covered in ; and then being 
defended from rains, &c., they fixed their principal ribs and groins, and turned over the 
vaultings, as having the weight of the superstructure to act instead of a buttment.** 

2002A. “ Above M,’* continues Professor Willis, “ the ribs are each built separately of 
▼oussoirs, having their beds properly inclined to meet the axis of curvature of the rib, and 
these ribs are backed and united by solid masonry which connects them with the wall, and 
which, appearing between the rib, seems to be a portion of the light vaulting surface, 
really employed higher up. From the upper surface N, each rib A is still built as from M 
to N with voussoirs, but upon these ribs rests the light thin vault or panel- work.” 

2002t. “ It is remarkable that the courses of the vaults are not laid )e\el, but are in^ 
most cases made to incline downwards upon the diagonal rib. The reason for it is not 
easy to explain, but it is very common, especially in the earlier examples. These courses, 
in the transepts at Westminster Abbey, are of a light coloured stone, probably chalk, in- 
terrupted at regular intervals by a course of a darker stone; and the ridge, which has no 
rib, is also formed entirely of this darker stone, laid in a serrated manner. These dark 
courses are rather broader than the light ones, and there are four or five courses of the 
light between each of the dark. The surface of the panel between each rib is also made 
slightly concave or domical (probably to preserve the effect of being level, as seen from 
below it), and may therefore have been laid without any centreing, since each course would 
support itself These peculiarities may all be found with some variations in other vaults 
of the same 

2C02A. architect of Leon cathedral,” remarks Mr. Street, in bis work on Gothic 

Architecture in Spain^ p. 1 10, “ filled in the whole of the vaults with a very light tufa, ob- 
tained from the mountains to the north of Leoo ; so at least I was assured b^y the super- 
intendent of the works at the cathedral. Some of the material 1 saw was no doubt tufa ; 
but some of it seemed tp me to be an exceedingly light kind of concrete. The vaulting of 
Salisbury Cathedral is similarly constructed. I do not know whether at Beauvais the same 
expedient was adopted to lessen the weight” Both at Beauvais and Leon the construction 
in every part was too light 

2092/. Over the vaults was commonly laid a thick irregular course of rubblework, 
which again is also often covered with a kind of concrete. The vaults of the western 
compartments of Westminster, and of the south transept and tower of Hereford, are left 
bare on the upper surface : and these vaults, instead of being built with small brick-like 
stones, are composed of long thin slabs. Hie ribs themselves are, in some later examples, 
formed of a few long bar-shaped voussoirs instead of the small and numerous pieces of the 
earlier examples. Thus, in the transept at Westminster, L to N consists of 13 or 14stoaes| 
but at the west qnd of the nave of 6 only. 

2(X)2m. Price notices (p. 24) that at Salisbury, " The groins and principal ribs are of 
(j^hilmark stone, but the shell, or vaulting between them, is of hewn stone and chalk mixed* 
on top of which is laid a coat of mortar and rubble of a consistence, probably g 'tund in a 
kind «yf mill, and poured on hot, while the lime was bubbling ; because by this whole 
it so cemented 4of^th«r, as to become all of one entire tulMtence.^ . This oomp> m is. 
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very remarkable* somewhat resembling the pumice-stone* being porous and light* by wbieb 
it contributes prodigiously to the strength of the whole, and at the same time the least io 
weight of any contrivance that perhaps was ever used.** 

2002a, ** The early moulded ribs are formed as fg. 669f. from St Saviour’s Church, 
Southwark, the vaulting or panel-work 
resting only on their backs ; but the ribs 
of later date are rebated for the reception 
of this work, as shown in^^. 662e.*‘ 

2002o. As early as 1225-50* the square 
plans for vaults were superseded by oblong 
ones, which allowed the croMs-rib, the groin~ 
rib, and the wall-rib to arrive at nearly one 
level. In the new system the groin-ribs 
were portions of circles, and the cross-ribs 
were struck with the same radius; but 
tiiese vaults were soon considered to be 
weak, and the cross-ribs were heightened 
while the groin-ribs were either stilted or 
(subsequently) sharper pointed. 

2002/7. As soon as mediaeval builders 
admitted the principle that the strength ^ 

of arch -stones* like that of beams* is more dependent on the depth than on the width, tliey 
reduced the width as much as they could in order not to require a large abacus to the 
capital. The next step was to resolve all thrusts upon that support into a force acting 
directly upon it ; and consequently to endeavour to make the various pressures, which 
the ])illar'^bas to bear* combine in a point in a stone that should be fully as large in plan 
as the abacus* and perhaps rest upon others of the same character. 

2()02f» The operation of deciding the form and place of this stone is very simple after 
the the arch-stones has been determined. Supposing that the work is* as in a 

cloistewbdunded by a wall, and with- , 



out will -ribs* there will only be a | f/ y • 

cross.rib and two groin-ribs to be Rj/ / 

heeded. A line AB {Jig, 662g,) ® / / •’ ^ 

showing the face of the wall is to be / \ 

cut in O by another line CD repre- / j /x. / // 

senting tlie centre of the cross-rib ; / 1 / 

and the plan of the arch-stones for / '* / / 

that rib is to be projected by the aid / I / / 

of tliese lines. It gives at the wall a / / / y 

centre O* and in its length OE 07i ths / / / X X 

ventral line a radius with wl>ich a / / j X Xj X 

semicircle may be described (as shown / / j / X j X 

by the dotted line) ; a couple of pa- / / | /j X j X ]^t 

rallel lines, FG and HK, will now / / j / / X j X 

show the thickness of the cross-rib. / / y j / j X 

To proceed with a groin rib* a line / / /. / / ’ 

from O must be laid down at the / / / j I/ 

correct angle made by the groin with g / \ / 

the wall; and the plan of the groin- /'**•*- 

nb must be so projected tliat, with / 

this line for an inside line, the front n 

of the arch-stone shall touch the B* 

semicircle. A couple of parallel lines S / / 

MN and PQwill now show the thick- HHjHHnm / / 

ness of the groin- rib ; and the plan ^ g 

of the abacus of the pillar may be " / 

designed* even so as to allow of wall- / 

fibs if they should be intended. t k / 

^ 2002r. The use of the semicircle ^ 8 

IS not an indispensable* but is a na- 
turally convenient step, because the 

oqual quantities so taken by it from ^ 

all the spans of the ribs leaves undis- 
turbed in general result all calcula- A 

tions foimcL^ uj^on lines drawn from Ha Wfla ^ 

mathem.at' \pomts that are taken as centres in a plan made to a small soalsi but 

uts plain groin-ribs may be placed anywhere upon their respective oentre-Hiies 


RR 
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■o long as the intersection or junction of the neighbouring lines of the widths of the 
ribs is secured at some point. This intersection is not an absolute necessity, but it is the 
means of reducing the size of the abacus; and the point of junction S is that beyond 
which (working from the wall) the two ribs will be distinct Taking tiiis point S as fixing 
a line for the springing, the elevations of the two arches are to be drawn on the intersect- 
ing lines; then lines SR and ST drawn perpendicular to ti)e springings, will cut the ex- 
trados of cacli arch at points which decide the level of the top bed of the horizontal work. 
'The mass of work between this bed and the capital will be divided into a convenient 
number of courses, and the plans of the beds thus fixed arc easily drawn from the elevations 
uf the arches ; when it will be seen that, if the groin-ribs are less in depth than the cross- 
ribs, the former will give a good starting-place for the material which is to form the 
spandrils of the vaults. In a similar manner, the intersections of any number of ribs may 
be found, and the tertiary and secondary ribs may be successively suppressed in favour of 

the primary principal ones. Viollet le Due, Dictionnaire, 
s.v. Construction, p. 96. Prof. Willis gives the following 
illustration (^«gr. 662A. ) showing the method of setting 
out mouldings for vaulting, belonging to the perpendicular 
period ; it is taken from one of the spandrils of a complex 
vault which formerly covered the extreme north-western 
compartment of the nave of Canterbury Cathedral, the 
lower storey of the so-called Lanfranc’s tower. The num- 
ber of ribs being seven required two stones in each of its 
upper courses at least : Ji(j. 66‘Jh. being only a portion of 
the spundiil. contains but four of them. It also shows tiiat 
the stone had been scored, then rejected, and another set 
ot lines dra^vn, and actually employed. AB, AC, are the rejected centres, and D a portion of 
the first outline. EF, EG, EH, and El are the true lines drawn, each parallel to its own 
rib. The average thickness of the courses is about 10 inches. 

i2002«. The key. stone or hoss-sione was adopted by the medioBval architects as a necessary 
appendage to groin- ribs, because the solidity of the vaulting depends greatly un^n the 
pressure exerted by the key, winch must consequently he heavier than any of int arch- 
stones ; it will necessarily be an extremely large stone, allowing a great part of its mass to 

be cut away by the sculptor in order to diminish its 
apparent heaviness. This stone should generally be 
nearly circular in plan ; for if the ribs diverge enough to 
leave any large space between them, a fracture is almost 
certain. In cases of such divergence, it is best to design 
the sculpture so that a mass may occupy tlie space. This 
remark, of course, does not apply where there are only 
two groin-ribs meeting at right angles ; but it governs the 
amount to which the groin-rib should be allowed to he 
worked in the key-stone. No port of the boss ought to 
he sunk witliin a horizontal line connecting the intrados 
of one rib with that of another ; and it is generally desirable that, whether or not the ribs 
be back-jointed for the filling of the groining, as Jiy. 662f.y the key-stone should have 
a projection or tail sufficient to stand above the hack of the filling. “ Every boss-stone,” 
says Professor Willis, “ had its upper surface made horizontal, on which were drawn the 
lines from the axis of the boss in the direction of the respective ribs.” The principles here 
indicated are illustrated in Jiy. 662i. 

20021. In the construction of groined vaulting it has been considered best to fix the key- 
stone on the centreing, before laying the arch-stones, for the sake of the guidance which it 
affords in the work ; the inconveniences of working a boss in its place, and of setting it if 
already worked, were obviated in the 13th century by leaving its breast smooth, so that a 
wooden boss, carved at leisure, might be fastened toit with hooks. In the 15th century 
such a boss was not unfrequently of stone instead of wood. 

2002m. a striking feature of the Flamboyant style is the frequent use pendents in the 
vaulted roofs of the period. These, however, are not confined to the Continent, for the 
Tudor period in this country exhibits many splendid instances of their employment, none, 
perhaps, more gorgeous, or more interesting os regards its construction, than the Chapel 
of Henry the Seventh. Some of tlie various examples that exist have been scientificallv In- 
vestigated by Professor Willis, in his paper On the Construction of the VavUs o/* the Middle 
Ages, already quoted ; and we therefore now proceed merely to indicate the principles upon 
which the fairy- like system of not only suspending vast bosses from the ceiling was con- 
ducted, but that by which these bosses or pendents became in their turn the springers for 
supporting other vaults, as in the beautiful little Lady Chapel at Caudcbec in Normandy, 
and many other examples. A plan is given in the section on Phincipljcs of PmoFoaTtoN. 
^^^302Vm Ibis ohiq^l is hexagonal on plan, about 23 feet in span, or from tida totidfl^ 
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I'lg, 662k, shows the mode by which, from the key-stone of an arch approaching a aemU 
Circular Ibmif and suspended or elongated beyond its ordinary deplb, support is given lur 
the springing of the vaults of the different bays. On this practice Philibert Dc* Lorme 
observes, ** Lea otivricrs ne font seulemcnt une clef au droict de la croisee d*ogi\es, maia 



See another tection andj Sig 662Jb. 01»n, flga 1522 and 1523 


atissi plusicurs quand ils veulent rendre plus riches leurs voutes, comme aux clefs ou s*assem- 
blent les tiercerons et liernes, et lieux oh ils ont mis quelquefois des rempants, qui vont 
d*unc branche 4 I’autre, et tombent sur les clefs suspendues, les unes 4tant circulaircs, les 
autres en fa 9 on de soufflet, avee des guymberges, mouchettes, clairc voyes, feuillages, crestes 
(Ic clioux et plusieurs bestions et animaux : qui 4toient trouves fort beaux du temps qu'on 
faisoit telles sortes de vohtes, pour lors appelees des ouvners (ain&i que nous avons diet) 
^outes a la mode fran^oise.” 

2002w, We have shown above the mode of suspending the pendent in a polygonal 
building. The^^r. 6624, by a little consideration, will explain the mode of suspending 
pendents not centrically situate, as in the c«se of the ceiling of Henry the Seventh’s Chapel, 
whose date runs coincident with the Flamboyant period. The figure is a transveise section 
and plan of the vaulting of the building, m which one of the main arches, on which the whole 
construction depends, springs just below A, and reaches its summit at B. Thevoussoirs or 
arcli-stoiies whereof it consists arc marked in their order. The dotted inteival from a to 6 
is not to be considered as an interruption of the formation of the arch by the pendent, but 
may he supposed an imaginary line passing through it, or rather through the aich-stone or 
voussoir C, whose general form is marked by the bounding letters edefba ; so that, in 
fact, the pendent is nothing more, as in the case of the Lady Chapel at Caudehec, than a 
voussoir, a la^ge pait whereof hangs down below the face of the vaulting. The \oiissoirs are 
out of blocks about 3 feet 6 inches deep; but a considerable portion of the solnl below the 
Roffite of the arch is cut away to form the lobes of the cinquefoils. The arch D serves, by 
Its connection with the walls, to stiffen and give weight to the arch where it would be most 
required, that is, towards the springing. The pendent or voussoir E, on the same block 
witn C, being thus established in its place, serves at, or towards its foot, as a springer for 
tile ribs of a fanwork tracery shown on the plan, whose ribs are, in fact, ribs of a dome, and 
in construction do not differ from it. Their section is shadowed somewhat lighter than th» 
pendent voussoir. The fanwork round each affords the means of introducing another 
pendent at its meeting at F in the plan. (This pendent is shown at F in the two sections 
given 111 Principles or Proportion. ) The Jan vault is very properly distinguished by 
Piof. Willis from what he calls the stellar vault, which is formed of ribs that may be, and 
nuked frequently are, of different curvature, and the rays of the star of different lengths ; 
whereas the fan vault consists of ribs of the same curvature and height, and the summit 
of the fan is bounded (see the Jig , ) by a horiaontal circular rib, instead of the ends of 
lozenges forming the points of the star. “ The effect of the fan is that of a solid of revolu- 
tion, upon whose surface panels are sunk : the effect of the star is that of a grouo of 
branching ribs.** It is manifest that the constructive details of these two sorts of vaulting 
are vastly different. In the one, the dependence is upon ribs which support, by rebates on 
them, the filling-in panels ; while in the other the principle is similar to that of dome- 
vaulting. This will be immediately perceived by reference to the plan G, in which the 
courses are marked, as also in the part of the section marked H. 1 he plan I shows the 
f of the soffite of the vault The author above quoted observes, “ The construction 
o t hese fan vaults is in all examples so nearly the same, that they seem to have proceeded 

® the same workshop ; and it is remarkable that, at least as far as I know, there are no 
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te tinenta1 examples of them ; whereas, of the previous vaults, there are quite as many 
he Continent as in England. In France, indeed, the lierne ” (ribbed) ** vaults are not 
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very numerous; they are con6ned to small chapels, and their patterns are in general simple. 
But m Germany and in the Netherlands there is an abundance of them, distinguished, oer* 
tamly, from ours by local peculiarities, but neverthelcM ot similar mechanical construction, 
and requiring the same geometrical methods ** 

2002t. The introduction of fan vaulting seems to have occurred in tlie beginning of the 
1 5th century. The first instance wherein the span was considerable is the Dean's Chapel 
attached to the north-west transept of Canterbury CathedraL In St. George's Oiapel 
at Windsor, the aisle and central compartment only have fan vaults, the principal vault 
not being fanwork The chief works of this kind, of known date (about 1500), are 
Henry the Se\enth'8 Chapel at Westminster, King's College Chapel at Cambridge, the 
central tower of Canterbury, and Bath Abbey ehurch. (See PaiNrirtis or Paoroanou. ) 
In the church of St. Etienne du Mont at Parts, we find a remarkable eaample of tbe style 
of the renaissance contending with the expiring fiamboyant style. In short, the whole of the 
intenor is a mass of interesting incongruities. The church is eruoifomi, and at the inter- 
section of tbe etju b a pendent key-stone, most elaborately wrought, and more than IS 
leet deep. It b obvious, In res]^ of thtee pendents, that th^ b nomeohaidoal diilbreneo 
between tbHr pendency and tfaw being insisttnc, as lanterns arc, on dottMi, 



Cmav. III. 


MARBLE. 




Skct. IILu 

tJSB OF MABBLK. 

2002aa, The Greek term “ marble/' to flash, gleam, sparkle, is well applied to the 
white marbles of the Greeks, which differed materially from those of Carrara, in Italy, 
The Greek and"Roman marbles are noticed in the Glossabt. The Byzantine interiom 
exhibit fine examples of durable a|)plied marble decoratioo, about one inch thick, show- 
ing no desire to appear anything different. The walls wore covered with oblong panels 
in tiers of rich marbles opened out, framed with narrow white mouldings and bauds of 
different colour, continuous horizontal lines of colour on white being int^nced between 
these panels ; the whole surmounted by a marble mosaic frieze, with a cornice displaying 
small, sharp, triangular shadows, as at Constantinople and St. Mark's at Venice. At 
Palermo the panels were framed with bands of mo6c.ic work. 

200266. The marble pavements of Greek temples were probably the earliest, and were 
usually of thick, large slabs. They perfected the tesselated mosaic pjivements. The 
Romans gained the knowledge from them, became proficient, and used them throughout 
their extensive empire. Although under half an inch square, the mosaic is one inch 
thick, made to last. Some of the grandest pavements are the simplest, as those of the 
Basilica Julia at Rome, of Santa Sophia, and the one under the central dome of St. 
Mark’s. That of the Basilica Julia has been lately discovered, and is very perfect in 
part. The plan is a rectangle of about two squares, the centre space being divided into 
three squares and four bro^ bands. The squares consist of large slabs of CHallo aniieo^ 
with a broad- border of 'Pavonazzetto^ the bands being rectangul^ slabs of rich Afrioano 
and Vorta Santa. The central slab is surrounded for about £fty feet with large slabs of 
Greek white marble. 

2002cc. The Opua AUxandrinum'^yemeTi^n^ as at St. Mark’s and at Westminster Abbey, 
were usually composed of few colours — red and green porphyrieawith white PalambiHio 
for the mosaics, the bauds being Greek white marble, and made out of old routerials : a 
great variety of geometrical patterns. Some of the most beautiful examples are at Palermo. 
The Palambino was a limestone of pot-like texture. The great pavement in Siena 
Cathedral, one of the finest Italian Renaissance works, consists of pictorial subjects in 
dark green marble and mastic inserted into thick slabs of white marble. These have not 
worn well, and are kept covered. The filled-in lace-like patterns used as borders round 
the monuments at Sta Croce, at Florence, are in a better condition, the fillings being in 
smaller quantities. These fillings might be of lead set in a white groand, and would look 
well. Black and white marble pavements in squares were introduced about the time of 
Torregiano, and were largely used, as at King's College Cbap^l, Cambridge ,* the Beau- 
champ Chapel at Warwick ; and in mansions generally. The white squares came from 
Italy, and the black from Belgium ; and are still used in that country. 

2002dd, The retiriug grey marbles, as Petworth, Purbeck, or Frosterley, were u.sed by 
the medimval builders in England, and the colour was most useful in contrast with the 
stone. The altars and tombs of the Italian Renaissance were executed io white marlle, 
with only one colour introduced for the columns, pilasters, frieze, pediment, and panels 
of the base. A variety of marble work of late date, seen at Palermo and Naples, consists 
of inlaid floral arabesque, of orange, red, and brown marbles, with black inserted into 
white. It is gaudy, being deficient in repose. Similar work is seen in the monuments at 
Agra, in India. 

2002es. English Alabaster, if selected free from earthy veins and used where wet would 
not ruD over it, though only for interior work, may be better than many stones, and it 
would keep its colour. Of all building materials it is about the least porous nr absorbent. 
It has been used for monumental work from a very early period, and much delicate work 
has been executed in it. The inner areh moulding of the west doorway of Tutbury Church, 
carved into birds' beaks, of the Norman period, is in ordinary alab^ter, and remains in 
good preservation. This material came into general use about the fburteenth century in 
Berbyshire, and extensively so during the Elizabethan period. Great Britain and Ireland 
(see Mabblb, 1081 et seq.) contain many varieties of well-known coloured marbles, little 
used, even at the present day. 

200!^. Memorial slabs of inciseil marble preceded brasses, and were far superior to 
them. The English Renaissance produced marble work in chimneypieces equal, if not 
superior to anything on the Contiuent. The designs and the marbles were equally good. 

20029^. Hie On^m marbles of Algeria, Mexico, and California, of the same nature as 
Oriental alabaster, can be out and ground thin enough for window purposes. At Tarragona 
Cathedral and at Orvieto are examides of orange-yellow Oriental alabaster. In the east 
windows of San Hiniato are sUlwi of antique Pavonasaetto, with red-purple markings, 
nearly two inches thick (par. 8 1 6), 
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200244. Carrara and Sicilian marbles are used for steps and floors, wall linings, 
jambs, lintels, columns, capitals and bases, entablatures, altar rails, fonts, pulpits, 
sepulchral memorials, and many oilier purposes. If consistent details were used, it might 
probably be employed for public and otJier buildings (par. 1677n)# 

2002ti. A new and beautiful white marble, called Hegge maro'e, fVoin near Brono, in 
Korway, is stated to be a pure calcium carbonate, hard, with a few small reins or spots, 
of nearly uniform whiteness, and taking a high polish. The price in London is about 
one half that of similar marbles. A green and a red marble are sent from Greece. Verde 
Antico and Verde di Corsica are composed of limestone, calcareous spar, serpentine, and 
asbestos. 


20024:4:. The British Museum, the South Ken- 
sington Museum, the University at Oxford, and the 
Geolo^cal Musenm in Piccadilly all contain fine 
collections of colonred marbles, ancient and modern 
— some wrongly named. The most instructive col- 
lection is in the museum of the Lou\Te. (W. 
Brindley, ilfar4fe; Us uses as suggested by the^st^ 
read December, 1886, at the Royal Institute of Bntish 
Architects ) 

Mouldings. 

2002Zf. A marble to stand exposure to the weather 
should be close, hard, and vitreous-looking. Plenty 
could be selected. The mouldings used in the palaces 
of the Caesars and other important buildings in Romo 
were usually very simple, and mostly consisted of flat 
hollows and rounds, with small fillets produced out 
of a chamfer (fig. 662m.). They looked well, and 
cost less than many modem ones, which are designed 
forgetful of masons* methods of work. Mouldings 
ne^ed to be drawn specially to suit tbe oolonr of 
the marble. ^ 

2002mm. Marble linings, whenever possibli, should 
be fixed hollow at the back, and a few snuil| places 
left open in the joints until the solid walls are dry ; 
the hollow allowing the slab to keep warmer than the 
solid wall, thus avoiding condensation. Good well 
slaked lime mortar is the best for bedding. Cements 
are to be avoided. Plaster of Paris should bo mixed 
with a little lime putty, to assist adhesion and pre- 
vent swelling. It must be remembered that marbles 
absorb water by capillary attraction, and arc com- 
monly permeable to gases. They absorb water from 
the mortar, which coming to the exterior surface 
becomes deposited at the mouths of the pores and 
gives the surface a brownish discolouration. If the 
interior surface be coated with aspbaltum the dis- 
colouration will gradually disappear. 

Polishing. 

2002fif». As to polishing marble : properly polished 
chimney pieces ci forci^ manufacture, and toilet 
tables, are rarely found, as acids are used to procure 
a rapid and cheap, though imperfect and fogitive, 
result. At the Carrara quarries the marble is first 
rubbed smooth with fine eand, then with pumice- 
stone, then with two or three stones of nriable hard- 



ness, finishing off with lead, which gives tbe last and 

bri^ihtest polish. Water and friction do tbe work. (E. G. Robins.) Marble stSM should 
never be j^liehed, as if properly done th^ are very slippery and dangerous. In Belgium, 
only tbe face of tbe riser and rather more than half the noting, stopping just where 
tfae^ foot pitches, is polished. This from below has the appearance of a completely 
polished stair, while at tbe same time there is no dan^ from upping. (0. H. Brodie.) 
PoHehed marbles and stone rarely go well together in ue tame wors: ; bnt some marbles — 
greys, reds, and oippolinos— look well dull-polished, and then would go better with stone. 
White marble as used by the Tuscan corvess was not polished. 

These fnll-sixe illustrations {fig. 662m.) have been taken, by permission, from among 
the soecimens of oh! in ih* ‘xn 
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CARPENTRY. 

2003. Carpentry is the science of framing or letting into eacli other an assen^laM 
pieces of timber, as are those of a roof, floor, centre, &c. It is distinguished from 

in being effected solely by the use of the axe, the adze, the saw, and the chisel, whidi^M 
the carpenter *ato0ls ; whereas joinery requires the use of the plane. See 2102, af ai ||t/ 

2004. Though necessarily of high antiquity, the very scanty information whic||j||^finy 
and Vitruvius have left us on the subject would merely show that the science wai ^ iow p 
by the ancients. Tlie roofs of Egypt present us with no more ttian flat coveringMlrmaaiy 
stone ; a pediment roof, therefore, would seem to ha\e been among the first efToTra vf con« 
itructive carpentry ; and upon tlic pitch which this, then and since, has received in different 
countries, we shall hereafter have to speak. The Greeks appear to have used carpentry in 
the construction of their floors and some other piinioses ; but in a country alwunding with 
stone and marble, it is not likely that wood was much used in the interiors of their build* 
ings, unless where lightness, as in doors, for instance, required its employment. With the 
Homans it was much more commonly used ; and from all that can be gathered, we may 
consider them as the fathers of the science. 

2005. Among the moderns it has been very successfully cultivated ; and, with very few 
exceptions, we may almost assert that the w'orks of Palladio, Serlio, De Lorme, Sir 
Christopher Wren, Perronct, and a few others, exhibit specimens which have scarcely been 
surpassed in later times, notwithstanding the scientific form it has assumed in the present age. 

200G. To the mechanical principles of carpentry we have, in Chap. 1. Sect X. of this 
book, directed the attention of the student ; and to the section now under our pen we 
should have added the words Descriptive and Practical to Carpentry, but -that muen of 
what could have been said on that head has already been anticipated in the section on 
Descriptive Geometry. Hence, in what follows, that winch comes under such predicament 
will be only given in particular cases for the purpose of saving time and trouble to the 
reader in the application of its principles to them. Wc must, here, llfso remind the reader, 
that under the section Bkams, &c., and Timber, bare been described the different sorts of 
timber used for building purposes, their strengths and the strains to which they are 
subject and which they are capable of resisting ; and that therefore this section is confined 
simply to putting pieces of timber together, so as to form the assemblage of timbers under 
which we have commenced by defining the scienac. To do tliat properly requires great 
skill and much thought. Considerable waste, and consequent expense to the architect's 
employer, result from that ignorance which assigns to the scantlings of timber larger 
dimensions than arc absolutely necessary for the office of each piece ; insufficient scantlings 
will bring the architect into trouble and responsibility ; and the improper connection of 
the pieces will lie equally ruinous to his reputation. The principles of practical carpentry 
nrc, nevertheless, simple ; and though to form new combinations and hazard bold and 
untried experiments in practice will require all the skill and science of a talented artist, the 
ordinary routine of carpentering is to be learnt by a little application and a due exercise 
of common sense. 

2007. After these observations, wc must introduce the student to the first operation 
which in practice may arise. It is not every where that timlier can be obtained in suf- 
ficient lengths to stretch across the void he has to cover ; and it will in such cases be 
necessary for him to know how one piece of timlier may be so joined to another, for the 
purpose of lengthening it, that the two pieces, when joined, may be as nearly as possible 
equal in strength to one whole piece of timber of the same dimensions and length. Tliis 
operation is of great service to the builder, and is technically called searjing. To perform 
it, the joints arc indented, and bolts are passed through the pieces within the length of the 
indents, such Imlts lietng confineil almvc and below by means of nuts and screws. In 
fig. four ways are ^ ^ 

exhibited of accum- ' J j , J ) 

pushing the objec*t in 1 1 1 — " — ) 

question. A and B arc jl v _ 

the methods usually \ t [ j [ T ~ 

employed for joining i ^ 1 i — . 

together plates, lintels, pi*. ess, 

and tics, in which bolts 

are rarely necessary ; but If such a method is used fur scarfing beams, bolts must be em- 
ployed. The stronger forms, which onlv should be used for beams, shown in C and D, are 
not only in that respect such as should, on that account, be used for lieams, but are exe- 
cuted without loss of length in the pieces of timber. The length of the joints of the 
scarfing may be increased at pleasure ; the diagrams are merely given to show the mode 
of doing what was required. With fir, however, when bolts are used, about four times 
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the dqpth of the timber is a usual length for a tearf. Soar6ng requires great accuracy 
in execution ; for if the indents do not bear equally, the greater part of the strength will 
be loet : hence it is improper to use very complicate forms for the indents. 

2003. Pieces of timber arc framed into and joined to one another, by the aid of 
mortices and tenons^ and by iron straps and bolts ; and on the proper placing of these 
depends the soundness of the work. If a piece of framing is to stand perpendicularly, 
as in the case of partitions, without pressure from either side, the mortice and tenon 
sliould be in the centre of the wood. But in the case of framing floors, in which 
the pressure is on the upper surface, and entirely on one side, the mortices and tenons 

ought to be nearest the side on which the pressure is, by 

which Ibe timber will not be so much weakened; and I p 

hence it is the constant practice to cut the mortices and ' — n*. 664. 

tenons as in 664, 665. By the method shown in the _ 

last-named flgure, the tenon obtains more strength from > ^ U 

an additional bearing below, which is further increased by ^ ^ 

the inclined hutment above, called a tusA, 

2009. The method of framing wall plates together at an angle, for the rocei>tion of the 
hip rafter on the dragon beam^ and the angle ties for retaining the wall plates in their 
places, is shown in 666., wherein AB is the mortice cut for the tenon of the hip rafter 


WALL PLAfS 



sliowii itx^g, 667. Fig» 668. is one of the wall plates, showing the halving to receive the 
other plate, and the cutting necessary for dovetailing the angular tie. Fig. 669. shows the 
method of cutting the mortices and tenons of principal and hip 
rafters ; another method being given in Jig 670., and to be pre- > 

ferred where a greater resistance to thrust is sought, because by it ^ \ 

a double butting is obtained on the tie beam. Inasmuch, how- 

ever, as in this last case the beam is cut across the grain to re- "j j 7 I 

ceive the raftef, the part left standing to receV'e the heel of the 1 ^ | I ^ \j j 

rafter may lie easily split away; to obviate which, the socket may f— 1 

be cut, as at A, parallel to the grain of the wood, cd is the iron | c. 1^* j 
str^ for securing the rafter’s foot to the tie l>eam,and keeping it 
in its place. A plan of the upper part of the tie beam is given 

at B, showing the socket and mortice of the section A in the lost flgure. C exhibits the 
mode in which a principal rafter is strapped to a tic-bcam, with ihc joffg ling, 

2010. 'llie most approved method of forming 

hutments 671.) for the struts or braces^ aa, T' [ j ^ ^ 

which aic joggled into the king-po*t, i« to '^,11 J 

make their ends, which act against the joggle, 

perpendicular to the sides of the brace ; they H ^ 

will thus be kept flrmly on their hutments, [ 

and have no tendency to slide. C is a section 
of the king-post and tie beam, showing the 

mode of wedging and tightening the strap, It 

with a single wedge, in order to draw the tie I | 

l>cam close to the king-post. D is a section ^ |r V — — ^ 

of the same parts to a larger scale, and with [ [ _ |] > ) 

the introduction of a double wedge, which is Fin <3 i 

easier to drive than a single one, because there 
is less action upon the cross grain of the wood. 

2011. Straps in carpentry should be sparingly used. Professor Robison has very 
properly obsmed, that ^ a skilful carpenter never employs many straps, considering them 
M auxtii^es foreign to his art** The most important uses of them are, that of suspend- 
ing the tie beam to the king-post and of securing the feet of the principal rafters to the 
tie beams in roofs. 

2012. Bolts are sometimes used for the last-named office# with axuAcrs and beadaand 
•crew nuts, in which case the washers, nuts, and beads should be well painted, though 





ClIAf. III. 


CARPENTRY. 


617 


«ven then they are liable to mat Whererer the Iron work uaed for leeurlng a tyateip 
of fVaming U expoaecl to the humidity of the atmosphere, it should be rendered 
durable by frequent painting. Price (BrittihCarpenier, 1759) obsenres thus i “There is 
one particular that had Ukd to have escaped my notice, concerning the placing of iron 
straps on any truss, thereby meaning to help its strength, which is by turning the end 
square (as shown at £,/y. 671.). This method embraces the timber in such a manner, to 
ffiake it like a dovetail, which eannoi draw front it» place / another observation is, to bolt on 
your straps with square bolts, for this reason : if you use a round bolt, it must follow the 
auger, and ^nnot be helped ; by this helping the auger-hole, that is, taking off the comets 
of the woo<L you may draw a strap exce^ing close, and at the same time it embraces the 
grain of the wood in a much firmer manner than a round pin can possibly do.** The 
example given by Price, however, for turning square the strap, is injurious to the rafter, 
which must be partially cut to admit of it. 

FLOoas. 


2016. The assemblage of timbers in a building, used for supporting the flooring boards 
and ceiling of a room, is, in carpentry, called naked flitoring^ whereof there arc three 
clifTerent sorts, viz. single flooring^ double flooring^ and double^framed flooring. But before 
entering on the particulars of either of the sorts, we will make some general observations 
on the construction of floors, which require the architects attention. First, the wall 
plates that is the timbers which lie on the walls to receive the ends of the girders or joists, 
should l)e sufficiently strong and of sufficient length to throw the weight upon the piers. 
SECONDLY, if it can be avoided, girders should not lie with their ends over openings, as 
doors or windows ; but when they do, the strength of the wall plates must be increased, 
'ib avoid the occurrence in question, it was formerly very much the practice in this 
country, and indeed is still partially so, to lay girders obliquely across rooms, so as to avoid 
openings and chimneys, the latter whereof must indeed be always attended to. Thirdly. 
Wall plates and templets must be proportionately larger as their length and the weight of 
tl>c floor increases. 'Hieir scnntlingK will, in this respect, vary to 4^ by 3 inches, up to 7 J by 
5 inches. Fourtiii.v. 'ITie timbers should always be kept rather higher, say half to three 
<{uarters of an inch higher, in the middle than at the sides of a room, when first framed, so 
that the natural shrinking and the settlement which occurs in all buildings, may nut ulti- 
mately appear after the building is finished. Lastly, when the ends of joists or girders are 
supported by external walls whese height is great, the middles of such timbers ouglit not 
at first to rest upon any partition wall that docs not rise higher than the floor, but a ipaoe 
slu)uld, says V’’itruviu8 (lib. 7. c. I.), be rather left between them, though, w'heii «ll has 
settled, they may Ik* brought to a bearing upon it. Neglect of this precaution will induce 
unequal settlements, and, besides causing the floor to be thrown out of a level, will most 
probably fracture the corners of the rooms l>elow. 


2014. SiKOLS Floorikq is con- 
structed with only one series of joists 
(as shown in fg. 672.). In this wav 
of framing a floor, if a girder is used, 
it should be laid as nearly as pos- 
sible over the centre of the apart- 
ment. A single floor containing 
the same quantity of timber as a ; 
double floor is much stronger ; but j 

the ceiling of the former is liable rif.sTi. 

to crack, and cannot be got to so 

gootl a surfhee when finished. Hence, where the bearings arc long, it is much better to 
use double flooring. 

2015. The scantlings of fir joists for single flooring are exhibited in the subjoined table, 
and are founded on our own practice. The weight of a square varies iVom 11 to 1 8 cwt 



Length In Feet Width In Inches. Depth In Inches. 
6 2 6 


8 21 7 

10 24 71 

12 21 8 

14 2* 9 

18 21 12 

20 5 12 


Mtiitliiigt may bt varied if wanted, aoootding to Uw kwt laid down in Iha 
••ctlon BiAMt, Pillars, &r,; 1622. •# smj, 

2016. In fig, 672. AAA are tlie joists, and B the floor bo(i**da. Tbe laths for the ceiling 
•ro nailed to the under aide of the joiiw AAA, 
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201 7. Ill most floors, on account of the Intervention of flues, chimney openings, and oc- 
tasionally other causes, it will so happen that the ends of the joists cannot have a bearing 
on the wall. In such cases a piece of timber called a irimmer is framed into two of the 
nearest joists (then called tnmmm/jr jiorsts) that have a bearing on the wall. Into thf 
trimmer, which is parallel to the wall, the ends of the joists thus intercepted from tailing 
into the wall are mortised, The operation is called trimming, llie scantlings of trimmers 
and trimming joists may be the same as those hereafter given for binding joists ; or if to the 
width of the common joists an eighth of an inch be added for each joist supported by the 
trimmer, the depth being the same, the scantling will generally be sufficient 

201 H, When the bearing of a single joist floor exceeds 8 feet a row of strutting pieces 
should be introduced between the joists, by which they will be prevented from horiaontal 
twisting, and the floor will be stiffened If the bearing l>e more than 1 2 feet, two rows of 
stiffening pieces or struts should be introduced, and so on for cacli increase of 4 feet in 
bearing. They should l»e put in, ia continued rows, and be well fitted Beyond a bearing 
of 1 5 feet it is not advisable to use single flooring, neither ought it in any case to be used 
M'here it is required to prevent the passage of sound. 

2019. A dfmUe floor consists in its thickness of three tiers of timbers, which are called 

binding JotiU (these ^terform the office of girders), jo'mtsy and ceiling joiets. From 

an insp^ion of fig. 

67.3. the construction 
will be easily under* 
stood AA are the 
binding joists, which 
are the principal 
support of the floor 
on the upper side, 
whereon BB, the 
bridg'mg joists are 

notched ; which is kik. nr.i. 

the best method, 

though sometimes they arc framed between with chased vtoi tiers. The binders, of course, 
run from wall to wall ; and as for carrying the floor, the bridging joists, as their name im- 
ports, are bridged on to them ; so the lower tier of timbers, called the ceiling joists^ are either 
notched to them, or are what is called ptdley mortised into them ; tliat is, a chase D is cut in 
the binder long enough to allow tenons of the ceiling joists C being obliquely introduced 
into them, and dri>en up to their places. The scantlings of timbers used in this method 
are the same as those for double- framed flooring of which, indeed, it is but a species. 

2020. llie doutiU-framed floor differs only from the last-named by the binding joists, 

instead of going from . ^ ... 

wall to wall, being 

framed into large — > - . . ^ 

pieces of timber 
called girders (as 
shown in fig. 674. ), 
wherein A is the 
girder, B a binding 
joist, C a bridging 
joist. Da ceiling joist, 

E the pulley mortice 
for the ceiling joist 

D, and F is the floor, llic great aavantages of this sort of flooring arc, that it prevents 
the passage of sound between the stories, and enables the architect to make a solid ceiling. 

2021. As in a double-framed floor the girders are the chief supports, it is exceedingly 
im))ortant tliat they should l>e sound and free from shakes. 'Die distances between one 
girder and another, or the wall, should not exceed 10 feet, and their scantlings as n the 
following table : 

Girders of the length of 10 feet should be 9 inches deep, 7 inches wide. 



n«.fl74. 


12 

— 

10 

8 

14 

— 

11 

9 

16 

— 

12 

10 

IK 


12 

It 

20 

— 

13 

11 

22 

— 

14 

12 

2* 

— 

1.4 

\2 

26 



16 

12 



16 

ts 

SO 

— 

16 

14 
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S0S1«. Girderi or beaim whose bearing exceeds S4 feet are difiiotiU to be procured of 
siifficiont depth, in which case an expedient is put in requisiliofi to strengthen a less depth. 
7*he principles it involves are explained under Ute head of roofs* namely* those of tmtnng 
them (2031, et seq.)t an operation that converts the beam within its own thickness into a 


piece of framework, for the purpose of preventing the bending, or, as it is technically called, 
its tagging, which produces an injurious horizontal thrust on the walls. This operation in 
represente^in yip. 675, in two diffbrent ways. No. Ill represents the plan. 





III. 

Pl«.«75. 

The beam is cut into two halves in the direction of its depth and length, lietwecn and into 
which the truss is inserted, as shown. It is better that the truss posts A, and abutmeni 
pieces B, should be of wrought iron ; the struts C may be of oak, or some stiffer wood 
than the beam itself. In I. and 11., the whole, or nearly the whole of the timber, is in a 
htate of tension. 

20216. This operation is further developed by trussing the beam Mom itself, an 
arrangement cjnsidered to be safer and stronger tlian that above described. No. IV. has 
a wrought iron tension 
rod, with a stay in the V. 
centre, which takes the 
whole of the tension, 
whilst the timber is thrown 
entirely into compression. 

No. V. is the same with IV, 
two stays. By these sys- 
tems a Iream, rafter, purlin, 

&c., which will barely sup- 
port its own weight 8a9?ly, may be made to carry a load of many tons without sens'hlt 
deflection. The tension rod is useful in proportion to its distance from the beam (evi- 
dently within certain limits). If it be immediately under, or concealed witAtn the under 
edge, it becomes nearly useless, especially in a cast iron beam with a wrought iron rod, 
wlicrc the beam is much less extensible than tlie roil. In such a case, the l»eam would 
break and fall liefore the rod has been brought into action. I'he respective size or 
sectional area of the rod and beam ia regul.ited by the respective strengtli of the materials, 
as it is tiseless to apply a rod capable of sustaining double the tensile force that the l>eam 
can resist of crushing force, and vice vtrsd ; it is merely adding weight (Wair, Dynamics, 
page The flitch girder is described in par, 1629«. 

2021c. 'fho resistance of beams of soft woid may be considerably increased by strength- 
ening the centre of gravity. Du llamcU Force fits Bois, took twenty-four sticks, cut from 
young willows, of equal strength. Each stick was 3 feet ( French) long, and li inch square. 
Six of these broke in the middle with an average weight of 566*48 lbs. In two other 
pieces he made a cut orrott it ) inch deep in the centre, and fllleil it out with a piece of 
oak; these broke with an average weight of 594*73 lbs, 'I'wo more were cut jt inch 
deep, and treated in the same manner ; they broke with 585 lbs. Five were cut J inch 
deep, and broke with 579*78 lbs. All the trials sliowed that the piece of liarder wood 
increased the strength of the beam, 

202 Id. Laves's girder is a simple and effective contrivance for strengthening a beam. 
The piece of timber having been cut nearly 6rom end to end (Jig, 675a.), ia bound at each 

termination with 
an iron strap. 
Blocks are 
driven in the cut 

^ so as to separate 

wo severed picaaa to atvertl inches distance in the middle of the length, thereby throwing 
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the material farther above and lielow the neutral axis. A solid beim, 4Chfeet long, inches 
deep, and 7^ inches wide, deflected 5^ inches with a load of 1 ,700 lbs. When a similar 
beam had been cut to 3*6 inches of each end, making the upper part 5 inches deep and the 
lower part 4 J inches, and separated by blocks until the parts were as M'ido asunder as half 
the depth of the beam, the beam suffered a less deflection by If inch. A greats strength 
was obtained by separating the parts lo the whole depth of the beam, uhen it deflected 

5 inches less than the solid beam ; and when separated to times the depth, it deflected 
4 inches less than the solid beam. The greatest strength is obtained by giving a section 
to the upper and lower parts proportional to the power of the material to resist tension 
and compression (Ctvil Engineer for 1840, page 161, being a paper read at the Institute 
of British Architects), 

202 le. Floors are now largely made of firoproof materials, as referred to in the section 
Bricklayer. The introduction of rolled iion joists and girders has enabled the architect 
to construct his floors of larger span, by supporting the timber joists between them. By 
using riveted steel girders a saving is made in the cost of construction. 

2022. We now return to the subject of binding joists, which ought hot to he more than 

6 feet apart. The depth, if necessary, for accommodating them to the thickness of the 
floor, may be varied from the following table by the rules given under section Beams, &c. 

Binding joists of the length of 

C fcot should bo 6 inches deep, 4 inches wide. | 14 feet should be 10 ioobes deep, 6 inches wide. 


8 

— 

7 

— 


16 

— 

n 


Oi 

10 

— 

8 

— 

5 

18 


12 

— 

7 

12 

— 

9 

— 

6i 

20 

— 

13 


7i 


The scantlings of bridging joists are similar to those already given for single flooring. 
These, as well as ceiling joists, whose scantlings are subjoined, should not be more than 
12 inches apart, and they require to be scarcely thicker than is necessary to bear the nails 
if the laths fixed to them, for which 2 inches is quite sufficient. 

Ceiling joists of the length of 

4 feet should be 2i Inches deep, 11 inch wide. I 10 feet should be 6 Inches deep, 2 inches wide. 

6 — aj — l| 12 ej — 2i 

8—4—2 I 

The weight of a square of framed flooring with counter flooring varies from 22 to 36 cwt. 

2023. Though, perhaps, more curious than useful, we should not perform our duty to 
the student, were we to omit a method of constructing floors with short timbers, where long 
tnes are not to be procured. Suppose it be required to floor the room ABCD (Jig. 676.) 



riff. 676. PiK- 077. 


Let four joists, as in the figure, be mortised and tenoned at aZ»cd, as there shown. Now 
It is evident that these joists will mutually support each other, for each is supported 
at one end by the wall, and at the other by the middle of the next joist. Up, 677. 
shows another mode of accomplishing the same object ; and many other forms would 
iinmediately suggest themselves to (he experienced architect. The expedient is of ancient 
origin, inasmuch as our old master (so we delight to call him, notwithstanding the new 
lij^hts that modern critics have found to guide them), Serllo, has described the expedient 
without any difference. In the fourth volume of Rondelet .OdftV), an author to 

whom we are under infinite obligations, is described a floor executed at Amsterdam for a 
room 60 feet square, of exceedingly singular construction, inasmuch as it is without joists 
at alL Each^ tide of the room is provided with very strong wall plates, whose angles are 
secured with iron straps, and are rebated to receive the flooring, which consists of three 
thicknesses of 1 J inch boards. Of these thicknesses, the first is laid diagonally across the 
opening, its ends resting on the rebates of the wall plates, ana rising about inches 
towards the centre the room. The next (second) thickness is laid dingonally at right 
angles to the first kkiycness. and the two are well nailed together. In the third thioknessi 
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the boards Are laid down parallel to one of the sides of the room, and form tbs upper side 
■cf the floor, beinfr, howevCT, well nailed to those below. The whole of them are grooved 
and tongued together, forming a solid floor 4 J inches thick. In this example is an instance 
well worthy the study of the architect, as respects a scientific connection of parts, and the 
great advantage of a well-disposed bond. The floor in question is, in fact, a thin plate, 
well supported round the edges, the strengths of the plates being directly as the squares of 
their thicknesses, equally strong to bear a weight in the middle, whatever their bearing; 
though if the load be uniformly distributed, the strength will be inversely as the area of 
the space. 

20230. The flooring of the Middle Ages, as used for upper rooms, were constructed 
with largo square timbers resting on wood plates, which formed the cornice to the 
rooms ; sometimes they had stone cornices under them. Occasionally the under sides of 
the joists \Vere covered with boarding, and this was divided into panels by small ribs, with 
bosses at the intersections, carved with foliage, or with shields of arms, or other ornaments. 
An example of the 15th century exists at Wingham, in Kent; Parker, Dorn, Arch, iiL 
127. These were usually coloured in distemper. The ceiling of the nave and of the 
eastern part of St Alban’s Abbey church is a remarkable example of u fine flat ceiUng of 
early date, as is also that in the tower of the church at St. Cross, in Hampshire, and 
that of the library, 15th century (and formerly in the chapel) of Merton College, Oxford. 
In England, in the 13th century, the ceilings (which were of wood) were frequently 
painted the same as on the wainscot in green and gold, and were sometimes also decorated 
with historical subjects and with gilded bosses. 

20236. The joists that came upon a beam were placed upon it, and, being cut, were 
pinned into corresponding blocks. If the beam took two sets of joists, the blocks might 
be made long enough to connect the ends of the two sets. But by the Hth century the 
system of girders, binders, and joists was perfected ; boarding one inch and a half thick, 
rebated on both edges, was laid with the wider face downward, and connected by rebated 
battens, fixed upon stop-moulded joists. a|p|. these were dovetailed for half their depth 
into moulded binders, that were dovetailcMpee-fifths of their depth into moulded girders, 
the backs of all being flush for the boardilBpiwhich received the mortar and tile floor. 

2023c. Whether in oak or fir, this l4|b system was apparently never enriched with 
painting, but moulded and carved ; indrebd the inevitable towel decoration makes its 
appearance in panels formed by moulded strutting. These panels are let into rebates on 
the back of tlie struts and joists and binders, so as to leave a space between the panels and 
the flush floor, receiving the plaster or the tiles upon plastering. Another efifective practice 
was to rebate the backs of the joists suflSciently deep to allow the apparent ceiling to 
consist of short pieces of board that were decorated on the two edges, laid close together, 
forming a pattern of circles, diamonds, foils, &c., cut in open work, with a ground formed 
by laying a plank over the whole length between the joists ; over this came the finished 
one, or three coated floor. In the 15th and 16ih centuries, pendentives hanging by keys 
to timber ceiling-joists, between binders, formed an entirely new arrangement of decoration, 
which rivalled in its complexity of drops and coffers the most elaborate works of Saracenic 
ceilings. In the time of Henry VI 11., the ceilings were commonly of plaster, with a 
great variety of patterns stamped in them. The ceiling of the chapel of tiie Savoy Palace 
in the Strand is a rich example of panelling only. 

202.3<f. Some of the timber houses built in Troyes at the commencement of the 15th 
century afford good specimens of the manner in which the construction of the floors was 
rendered ornamental. The studs of the framing carry the usual bead-piece, which is 
moulded; and on this are notched down the ceding joists, which have their ends cut as 
cantilevers: upon these rests a board, or plank, having its edge moulded, which is kept in 
place by the chantlates at the feet of the rafters. At other times the sill is separated from 
the joists ; because they rest upon stanchions, upon wliich are planted brackets carrying 
the ends of the joists : between the ends, which are grooved, there is a piece of carved 
woodwork, so that the ends of the joists, in conjunction with a moulded plate resting upon 
them and receiving the tie beams or ceiling joists, form a sort of corbel-table. {Fig, 701/.) 

2023e. Another method of forming a floor, with its ceiling, into decorated construction, is 
due to the 15th century. This consisted in cutting balks of timber diagonally and laying 
them with the angles downward close together. The ends were notched into the girders 
or binders, leaving flush backs. If not sightly enough, triangular fillets were put in 
between them ; and the sharp angle might even be taken from off the arris or under edge 
of the balks. Floors were also composed of brick segment arches (the bricks being set 
herring-bone) between balks of timber laid with one corner upwards, so as to form a 
skew-back for the arches. 

2023/ For these few remarks we are indebted to Viollet le Due’s admirable DictUmnaire, 
As the listens therein shown will scarcely be adopted in England in general practice, the 
Itudent will ^ well to refer to the work should he require any illustrations. A very 



622 


Theory of architecture. 


Book lEi 


suggestive lute example, richly moulded and carved, at it existed before 1843 at Fontaine- 
bleau, when it appears to have bedn reused and somewhat altered, is given in that work 
among many others. 

2023p. Tmher groined ceilings are to be met with in the choir and lady chapel at St. 
Albans* ; in Warmington Church, Northamptonshire, of the Early English period ; in the 
cloisters at Lincoln and Gloucester; in the towers at Exeter; in the lantern at Peter* 
l>orough ; the lantern at Ely, and the choir at Winchester, cathedrals ; in the choir at 
Selby Abbey Church, Yorkshire ; in the nave of Boston Church, Lincolnshire, where it 
unfortunately occupies 22 feet of height; the chapel of St. Mary’s College, Winchester; 
and the entire roofing of York Minster. The vaults spring from stone-work carried up as 
high as required to free the ribs from the wall ; there is no special mark of division at the 
point where the stonework ceased and the woodwork commenced. I'he boarding was let 
into a groove in the sides of the ribs, or laid on a rebate. The eastern part of ther chancel of 
the 13th century church at Ufiington, in Berkshire, is evidently groined or prepared for 
groining in this way, for whilst the walls and buttresses were insufficient to resist the 
tlirust of a vault even filled in with chalk, the stone springers exist. ** There seems to be 
no good reason,” continues Mr. Street, from whose lecture on Woodwork we are quoting, 

why this kind of ceiling should be condemned, as it has been by some writers, as though 
it were unreal, or in any way a sham. It is nothing of the kind, and no attempt was 
made to make the wood look like stone. The boarding was frequently feather-edged, and 
grooved and tongued, and thus obviously of wood. (/'///• 780/ ) It may be introduced in 
buildings not calculated to resist the thrust of a stone vault ; and it may be carried far up 
into the roof and above the top of the walls, which in stone vaults is always, witiiin a 
little, the limits of internal height attainable.” 

PARTITIONS. 

2024. The framework of timber used for dividing the internal parts of a house into 
rooms is called a partition or quartered partitim* It is commonly lathed and plastered ; 
when the spaces between the tiipbers or quaraM are bricked up, it is called a hricknogged 
partition. The weight of a s4uare of comiHlII partition is rarely less than from 13 to 
1 8 cwt. ; hence it becomes necessary to take cHlRhat partitions should not be set upon the 
floor, without taking due precaution to relieve k of the weight, either by struts, braces, or 
the formation of a truss in it. When a partition occurs in an upper story, under a strongly 
trussed roof, it may be often advantageously suspended from the roof, and its weight thus 
taken off from the Boor below. If it have a solid bearing throughout its length, it 
requires nothing but struts between the quarters ; but these are not absolutely required. 
The scantlings of the timbers of a quarter partition should vary according to the extent 
of bearing. Where that does not exceed 20 feet, 4 by 3 inches will be sufficient ; and where 
it is as much as 40 feet, the quarters should not be under 6 by 4 inches, that is, supposing 
it to bear only its own weight. When it has to bear more, the scantling must, of course, 
be increased accordingly. 

2025. Fig, 678. represents a design for a trussed partition, with a doorway in the centre 



Ad, Ad the braces ; /d, fd struts. Fig, 679. shows a method of trussing a partition in 
which the doors are at the sides. It is obvious that additional strength may also be gained, 
when wanted, by introducing a truss between the intertie and head of a partition. The 
angle of inclination of braces should be about 40^ with the horizon. 


CARRIAGE or STAIRS. 

2026. The framed timbers which support the steps of a staircase are called the carriage. 
They generally consist of two pieces inclined to the pitch of the stairs, called the rough 
strings. When geometrical stairs consist of two alternate flights with a half-pace between 
them, the efuriag^^df the half-pace is constructed with a beam parallel to the risers of the 
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step<i» whose .joists are framed into the beam for the support of the flooring. IhU beam is 
called the apron piece, and that which sustains the rough strings at the upper end is called 
the pitching piece, llie joists of the half-pace are sometimes turned into the pitching piece, 
and sometimes bridge over it ; but the steps of both flights are always supported by string 
pieces, as before. The upper ends of the string pieces at the landing rest upon an horizontal 
piece of timber, called, as above, an apron piece. The scantlings of the strings, of courw, 
vary with the length of the inclined part. The depth given to joists of similar length will 
De more than sulKcicnt. 


ROOFS. 

2027. The first obvious consideration in constructing a roof is the slope to bo given 
to it, which depends on the climate against which it is to serve as a protection, and on 
the materials to be employed in covering it. In hot countries, rain more rarely falls than 
in temperate ones ; but when it comes, it descends very abundantly, which, added to the 
temperature of the air, makes it unnecessary to give a great slope to the roof, from which ^ 
^he water immediately runs, and the air dries it almost at the instant of the rain’s cessation. 
In cold countries the rain is more searching, the air is more impregnated with moisture, 
and snow often lies for a long time on a roof; circumstances which require a greater pro- 
portional slope to l3e given to U. Again, roofs covered with lead, zinc, or copper, do not 
require so great a slope as those covered with tiles or slates. (See Roofing, in Glossary.) 

2028. Ibough among architects there does not appear to have been any fixed principle^ 
by which the slope should be determined, we find that in different climates suitable slopes 
have been adopted for similar materials. Thus in the southern parts of Europe we find the 
roofs very flat ; whilst as we proceed into its northern parts the roof acquires a very con- 
siderable elevation. We shall here transfer to our pages the notice of this subject in the 
Encydopedie Methodique, which we consider extremely important and interesting, inasmuch 
as it shows that necessity was the parent of beauty in the inclination of the roofs of the 
ancients ; and in the times of the ngpdle ages it had some influence even in the production 
and developement of the lancet arch. 

2029. The researches and observations made respecting the roofs of a great many 
incient and modern buildings, situate in different countries, satisfy us that the slopes ofrooft 
v/hich have lasted best are always proportioned to the temperature of the climate. Before 
entering into the consideration of any law for determining the slope of a roof, it will be 
proper to comprehend the meaning of the word climate as here introduced, which we shall 
use in the same way as it is understood by geographers. According to them, the climates 
of the globe are comprised under belts or bands, of unequal size, parallel to the equator. Of 
them there are twenty-four between the equator and the polar circle, each of half an hour ; 
that is, the length of the longest day of a place situated at the beginning of the climate is 
always shorter by half an hour than that of the place situated at the extremity of the same 
climate, or at the beginning of the succeeding one, proceeding from the equator towards the 
polar circle. 'ITiis difference in the length of the day, caused by the greater or less ob- 
liquity of the tropic with the horizon, is one reason of the different degrees of temperature 
of countries corresponding to the different climates. We are not, however, to assume that 
the temperature w'ill be exactly the same for all places under the same climate, .since there 
are many circumstances which tend to make a place more or less damp, in which cases the 
slope of the roof should rather have a relation to a more northern spot. In the roofs of 
the Continent covered with the hollow tile, as in the south of France for instance, less slope 
is required than with the Roman tiles (sec the word Tile in Glossary), which are in 
sections alternately flat and circular; and these, again, require less slope than the common 
[>lain tile or slate. From the observations that have been made, we find that the slope of 

roofs covered with hollow tile, f\^\j thus, of the south of France, should be after the 

rate of three degrees for every climate, beginning from the equator and proceeding north- 
ward, and that when the Roman.tile is used, an addition of three degrees should be made to 
such inclination ; an addition of six degrees, if covered with slates ; and of eight degrees, 
if covered with plain tiles. According to this law, the table which will bo presently sub- 
joined has been constructed, and a comparison of it with ancient buildings gives a remark- 
able corroboration of its value. Thus, at Athens, situated about the middle of the sixth 
climate, the slope of a pediment would be about 16^^; and that of the Parthenon is 
actually about 16®; that of the temple of Ereotheus, 15J®; of Theseus, 15®. In Rome, 
which is about one third of the way up the seventh clinif^ the Roman tile requires an 
inclination of 22®. The actual slope of the pediment of ^ptimius Severus is 23® ; those 
of the temples of Concord and Mara CJItor, 23J® ; of Fortune Virilis and the Panthcon« 
24® } and, of more modern date, the slope of the roof of St. Paolo ftiqri Ic mmri was 23®. 

2030. We shall now give the reader the table above mentioned. Tliii ingenious theory 
it taken exception to by P. Waterhouse in bis Essay on Pidmentg,^e,, 1386, 



€24 


“THfEORY OF AUCHITECTURE. 


Book Jt 





Lenfi^ of 
longest 
Day. 




Covered wMli 


“T— ] 

CHy. 

Country. 

Climate. 

Hollow 

TUei. 

Roman 

Tilea 

Slates. 

FlafaiTfleJ 

Carthagcna - 

Spain - 

VI. 

h. 

14 

m. 

42 

deg. 

16 

min. 

12 

deg. min. 
19 12 

deg. min. 
22 12 

deg. min. 1 
24 12 1 

Palermo 

Italy - 

— 

14 

48 

16 

48 

19 

48 

22 

48 

24 

48 

Lisbon 

Portugal 

— 

14 

50 

17 

00 

20 

00 

23 

00 

25 

00 

Toledo 

Spain - 

— 

14 

58 

17 

48 

20 

48 

23 

48 

25 

48 

Madrid 

Spain - 

— 

15 

00 

18 

00 

21 

00 

24 

00 

26 

00 

Naples 

Italy - 

VII. 

15 

2 

18 

12 

21 

12 

24 

12 

26 

12 

Constanti- 

nople 

Turkey 


15 

4 

18 

24 

21 

24 

24 

24 

26 

24 

Barcelona - 

Spain - 

— 

15 

8 

18 

48 

21 

48 

24 

48 

2? 

48 

Rome - 

Italy - 

— 

15 

10 

19 

00 

22 

00 

25 

00 

27 

00 

Pau - - 

France 

— 

15 

20 

20 

00 

23 

00 

26 

00 

28 

00 

Florence 

Italy - - 

— 

15 

22 

20 

12 

23 

12 

26 

12 

28 

12 

Avignon 

France 

— 

15 

24 

20 

24 

23 

24 

26 

24 

28 

24 

Genoa • 

Italy - 

— 

15 

28 

20 

48 

23 

48 

26 

48 

28 

48 

Bologna 

Italy - 

— 

15 

28 

20 

48 

23 

48 

26 

48 

28 

48 

Bordeaux - 

France 

• — 

15 

so 

21 

00 

24 

00 

27 

00 

29 

00 

Piacenza 

Italy - 

VIII. 

15 

32 

21 

12 

24 

12 

27 

12 

29 

12 

Turin and 
Venice - 

Italy - - 

- 

15 

34 

21 

24 

24 

24 

27 

24 

29 

24 

Milan - 

Italy - 

— 

15 

36 

21 

36 

24 

36 

27 

36 

29 

36 

Lyons - 

France 

— 

15 

40 

22 

00 

25 

00 

28 

00 

SO 

00 

Geneva 

Switzerland 

— 

15 

44 

22 

24 

25 

24 

28 

24 

30 

24 

Dijon - 

France 

— 

15 

52 

23 

12 

26 

12 

29 

12 

31 

12 

Zurich - 

Switzerland 

— 

15 

54 

23 

24 

26 

24 

29 

24 

31 

24 

Munich 

Germany - 

— 

15 

58 

23 

48 

26 

48 

29 

48 

31 

48 

Vienna 

Germany - 

— 

16 

00 

24 

00 

27 

00 

SO 

00 

32 

00 

Strasbourg • 

France 

IX, 

16 

2 

24 

12 

27 

12 

SO 

12 

32 

12 

Paris - 

France 

— 

16 

6 

24 

36 

27 

36 

30 

36 

32 

36 

Katisbon - 

Germany - 

— 

16 

8 

24 

48 

27 

48 

SO 

48 

32 

48 

Rheims 

France 

— 

16 

10 

25 

00 

28 

00 

31 

00 

S3 

00 

Nuremberg - 

Germany - 

— 

16 

12 

25 

12 

28 

12 

31 

12 

S3 

12 

Manheim - 

Germany - 


16 

12 

25 

12 

28 

12 

31 

12 

S3 

12 

Havre - 

France 

— 

16 

12 

25 

12 

28 

12 

31 

12 

S3 

12 

Mayence • 

Germany - 

— 

16 

18 

25 

48 

28 

48 

31 

48 

33 

48 

Frankfort 
(Maine) -• 

Germany - 

- 

16 

18 

25 

48 

28 

48 

31 

48 

33 

48 

Cracow 

Poland 

— 

16 

20 

26 

00 

29 

00 

32 

00 

34 

00 

Valenciennes 

France 

— 

16 

22 

26 

12 

29 

12 

32 

12 

34 

12 

Brussels 

Belgium 

— 

16 

26 

26 

36 

29 

36 

32 

36 

34 

36 

Cologne 

Germany - 

— 

16 

28 

26 

48 

29 

48 

32 

48 

34 

48 

Antwerp 

Belgium 

— 

16 

30 

27 

00’ 

30 

00 

S3 

00 

35 

00 

London 

England 

X. 

16 

34 

27 

24 

SO 

24 

33 

24 

35 

24 

The Hague - 

HoUand ^ 

— 

16 

40 

28 

00 

31 

00 

34 

00 

36 

00 

Warsaw 

Poland • 

— 

16 

42 

28 

12 

31 

12 

34 

12 

36 

12 

Berlin - 

Germany - 

— 

16 

46 

28 

36 

31 

36 

34 

36 

36 

36 

Hamburg - 

Germany - 

— 

16 

58 

29 

48 

32 

48 

35 

48 

37 

48 

Dresden 

Germany - 

— 

17 

00 

30 

00 

33 

00 

36 

00 

38 

00 

Dantzic 

Poland 

XI. 

17 

8 

30 

48 

S3 

48 

36 

48 

38 

48 

Moscow 

Russia 

— 

17 

22 

32 

12 

35 

12 

38 

12 

40 

12 

Copenhagen 

Denmark - 

— 

17 

28 

32 

48 

35 

48 

38 

48 

40 

48 

Edinburgh - 

Scotland 

XII. 

17 

32 

33 

12 

36 

12 

39 

12 

41 

12 

Stockholm - 

Sweden 

XIII. 

18 

80 

•39 

00 

42 

00 

45 

00 

47 

00 

Petersburgh 

Russia - 

XIV. 

18 

44 

40 

24 

43 

24 

46 

24 

48 

24 

Bergen 

Norway 

— 

18 

44 

40 

24 

43 

24 

46 

24 

48 

24 


** There is no article,** says Ware in bis JJoefy of ArchUedure, ** in the whole compass 
of the archjtect*s employment that is more important or more worthy of a distinct con- 
sideration than the roof, l^e great caution is,** continues our author ** that the roof be 
neither too massy nor too slight. Both extremes are to be avoided, for in architecture 
every extreme is to be shunned, but of the two the overweight of roof is more to be re« 
garde4 than too much, slightness. This part b intend^ not only to cover the building, but 
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to|»M ii|^ tlie tud by that bearings t^iia and Md «S| 4o§Mmt.^ Thia 4t*will 
not ba Mfta^ tb pa rAyrm if Uttb tWtor b^ an^oypdr aa that tbe axtrme la 

to be dmniiM £tt iii.|ifacUoe the great aad oommm emir ia eiilbil etbar aide i 
wilt do die moat eeceptable arnica to Ida pnoteion, fdio diali a|tow bow to retfeD# ttfld 
eaeattCe tbe aaiee roof with a amaller quantity o£ timber ; be will by thia tolcb nff laa tm« 
neeeaaary load Awm thewaUa* and a large aii^ tiaaleaa expenaa to the ownac;** > 

SOSl. We aball now proceed to a popuUr riew of tbe atraSae exerted by tbe timbers cd 
Toof% referring dbe reader back to the aeetion on BEMia» PiLLAXa, dcou, Ibr e more extended 
and aoiaptiiie riaw^f them. Suppoae 6IK).}, in 
die iinmleat form of roof, the raftera (ahown by 
dotted uaea) AB, CB to pitch upon the walla Ao, 

Cc. 1st tbe rafters be auppoaed to be connected 
together at B as by a hinge, as also similarly con. 
nccted with the walla at A and C. Now if the 
efthotive wdgbt of tbe walla be not suflicieiit to resist 
the thrusU of the rafters^ as rmpecta the height, 
thicknbaa, and aitiiatioB of theoentre of gravity of 
tiidi walls, taken aa solid masses and moveable on 
the points X and V, it is manifest the rafters by 
their own gravity will descend, and the walls will 
spread mud be thrown out of an upright, as in a6 
and cd, and tbe rafters will ta)l^ the places shown in 
tbe figure. It has already biemaliown (par. 1622) 
that the horisontal thrust of a pair of rafters thus 
meeting each other, is proportional to tbe length ^ a line drawn perpendicularly ftom 
the ra£ir'i foot until it intersects a vertical line drawn from iu apex. As the roof there* 
fbre becomes fiatter, the length of the perpendicular increases. Hence, if AB and BC be 
tbe rafters, and their weights be represented by tbeir lengths, the weight or power eC 
thrust exerted by the rafter AB in the direction of ito length will be represented by BO, and 
the horisontal thrust by AO ; AO being perpendicular to AB. To secure, then, the walls Iq 
their perpendicularity, which the thrust of the rafters tends to derange, a system of framing 
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Ibr iiiereasbg th» «tilQ»e«i 
df llw tMbesmoJ^fiiliimin tbeiMry, 
bufe^iiot in practicftt iMfiaitie the eom* 
preiisil^ity ef the fibres of timber ie 
considerable in lines perpendicular 
to their direction, and t^ contraction 
and expansion of metal pieces a limit 
to its use. This coroprcNsionof tim- 
ber deserves ^at attention on the part of the ardikect We may lay down as a rule 
in respect to it that the more the weights or pressures act in the direction of the fibres^ 
the less will be the compiession. ’ 

2033. To exemplify this, Jig. 684. shows in 'So* 1. the principa] rafters of a rOol 

butting In an ordinary roof, a^nst ** 

the shoulders AB, CD of the king^ 
post, whose fibres, being vertical, are 
compressed by the pressure against it* 
on each side of the rafters, whereby 
they approach each other, causing 
the whole figure of the roof to suffer 
a change. For by the action of com- 
pression and its consequence the kingpost must descend, and with k, consequently^ the lid 
beam which is sluing up to it To remedy the inconvenience in rooft constructed of fir, the 
kingpost is often made of oak, which is less compressible, a practiee 'which should be 
observed in all roofs of consequence. But cast iron kingposts are the best substitute where 
the expense can be justified. In No. 2. the end is accomplished much more economic 
cally by hoiuing the rafters in the head of the kingpost at the anj^le in which the rafters 
meet, by which the fibres of the rafters butt against each other, bringing the compression 
neater to that which takes place in a post accosting as the rafters are leas inclined 46 each 
other, and the beam is then literally suspended from the vertical planet of the rafters at 
their junction 

2034. When a roof {fg. 685.) is trussed by two upright suspending posts, whtcli bo.* 
come necessary in increased s^ns, 
such posts, AB, CD, are called gaem- 
posts, and the piece between them, 

BD, is called a cot/ar, which acts as 
a Mtraining piece to prevent the heads 
of the queen-posts moving out of 
their places towards each other. It 
will on mere inspection be seen that 
this roof has three points of support, B, £, and D ; ftir by means of the struts A£, £€, d 
new suspending point is gained from £ for sustaining the tie beam between the points A^ 
and C It is also to be observed that the collar or straining piece BD perfoimji in this" 
aa&emldage an office exactly the reverse of that which it does in jfig, 681. ^ 

5K)^5. The roof, wo called from its inventor’s name, and with us called « Curb 

roof, ftoquently used for the purpose of keeping down tlie height of a building, and at 
the same time of obtaining sleeping or other rooms in it, is sliown mjig $4 686 and 687. It 
may be considered as primarily 
consisting of Ibur pieces ^ timber 
connected by kkiges at the points 
ABCDE. If these be inverted* 
they will arrange themselves hy 
their gravity in such a manner that 
when returned to tlteir first pontion 
they remain in a state of equUi^ 
wliich, howo\er, in practice 
Is but a tottering one* and requires 
additional exp^ients to prevent 
the whole assemblage thrusting out A 
the nidis ; nnd* nioreover^ to pre- 
vent the upper rafters ftom acting 
by thair thnist to displace tlie lower 
smci* To ^obtain diese ends the 



B K D 



Fig es-i. 




firat object is to introduce the tie fig w. ^ i 

AS t and, aeooi^ly* the tie BD, It is to be understood that means are to be uje4 
needed from their length, to prevent these beams ftom tipndi^, nmilar to ihoaa ^noilT* 
^naaled sn the eaaet of simple trusaet. €$$ it an exatO|de sdfcted 
(gin A Is CkatjmU, !ol. 1809), having an artlted eaUinl to give additiM^ 
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iAnM oae rulilk Koonu Xhil form of roof itat^bm fr^qticotlv adopted in tb« |i«lao« 
of3^M attd Momuui^, «87 it a king«poat Hanaard tooC adordiiig a ^rida apaoo 
ofor tito tW beam avaiiable ai an apartment. Fiff, 698 li an Mtmpla of tlia faioeiplce 
adopted for a moeh wider spanned rc^ 

90850. We have thus far endeavoured to explain hi the simplest way 13^ eonduet 
to be pursued for obtaining stability in the construction of a roof; Imt be^H* we 
proceed to the scantling of the tirob^ to be employed* the jaadir must be mfonned 
that the trusses to roofing, with whose nature he has now become auguainted, are 
plaeed only at certain intervals (which diould not exceed 10 feet) apart* and ara 
thus made to bear the common f^^ers and the weight of the covering as wall as 
to perform the office of suspending the tie beam by which the walls are kept 
together. Hence the rafters so framed in a truss are called prmmpal raftemt 
by the means of a purline^ A (Jig, 

^88.), which lies horicontally 
throughout the roors length on tlie 
principal rafrera, they are made to 
i»car all the superincumbent load. 

The purlines are in various ways 
made fast to the principal rafters, 
and upon it the common rafters 
are usually notched down. 'Their 
hearings are thus lessened, and 
less scantlings suffice for them. 

Tliey are received at their feet on a piece of timber (B In the figure), which runs longUi^ 
dinally along the sides of the 
httllduig. Ibis piece of timber 
is called a pdfr piaie, from being 
the uppermost plate in a build- 
ing; ai their summits they abut 
against a ritfye piece D. When 
a roof slO|ies each way, the space 
enclosed between the interiection 
of the slopes is called a hip (Jig, 

689, ) ; and the longest rafters in it* 
which are those at the angles* are 
called Aip raflten, and the shorter ones are named /nek rafiere, as A* A* A* &c. 

2036. We have, at the beginning of this section (2007. ), observed, that the use made of 
bolts must be always in a direction as nearly as possible counter to the strain which the 
pieces exert; the method, therefore, of introducing them will, on due consideration* 
be sufficiently obvious. 

Before proceeding to lay l>efore the reader some few examples of roofs suitable to dif- 
ferent spans, as well as of some of magnitude which have been executed, it may be as 
well to complete this portion of our labour, by giving some information on the scantlings 
of timber for roofing, in which a medium, founded on our own practice* is introduce 
between ignorant 'overloading, and fanciful theory. 

2037. For rooft whose spans are between 20 and 30 feet, no more than a truss with a 
king-post and struts will be necessary, in which ease the scantlings hereunder given will 
be sufficient 

For a of 20 fret the tie beam to be 9 in. by 4 in. ; the king*post, 4 in. by 4 in, , 
principal rafter, 4 in. by 4 in. ; struts, 4 in. by 3 in. 

For a Ipan of 25 feet, the tie beam to be 10 in. by 5 in. ; the king-posts, 5 In. by 5 in, { 

pHnetpal rafter, 5 in. by 4 in. ; struts, 5 in. by 3 in. 

For a ipan SO^eet the tie beam to be 11 in. by 6 in. ; the king-poat, 6 in. by € in. » 

prthctpal rafter, 6 in. by 4in. ; struts, 6 in. by 3 in. 

2038. * For roofii whose ^ns are between 30 and 45 fbet, a truss with tw4 quaen^posts 
end stmts will be required^ and a straining piece between the queen-posted Tbtte ^ 

For a niaa of 35 feat* the ^e beams tobe llln. 1^4 in. f quean-poste 4 In. by 4 ia.^ 
principals* 5 In. by 4 in. ; straining piece, 7 ia by 4 to. f struts 4 ia 9 iq. 

For a fpan of 40 fet^ the tie beams to be IS in. by 5kti. ; qiieqii-poet% 5 to, by 5 in. ; 
pHncipile, 5 ia : atraining piece, 7 la by 5 ia ; atrute, 5 in. by 

For a spite of 45 fieet, tha ik beams to be I3in. by 6ia ; queen-pests, 6 ia by Obti 
princ^adst 6ia by Bin, ; sttaimng pleee, 7 ia 6 la t struts, 5 la by 3 ia 

3039. For lOofii whose spans m$ betweeti 45 andOOfoat* two qoeeaqMw^ arareqidred, 
a04 astrainiiog fdeee betwaan fbera; atrute from dte Wnrger to tba amaHer quaei^potes* and 
iliiite iqpdn from <|w Mar* 
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For « «plm of 60 feet, tie beams, 13 in. by 8 in, ; qaeen-posflr, 8 to.' tt)y 8 tn;^ 

' qneeus, 8 in. by 4 in. ; pnncipaUi, 8 in. 6 in. ; atMlning 0 f iu.l 
atmtB, 5-in. by 8 in. ' ' 

Por a span of 55 feet, tie beatnSi 1 4 in. by 9 in. ; qneen^l^ats, ^ in. %y 3* in . ) 

queens, 9 in. by 4 in. ; priocipalsi 8 in. by 7 m. ; straining-piece, 10 in, 1:^ 5 in. ; 
stmts, M In. by 3 in. 

For a span of 60 feet, tie beams, 15 in. by 10 in. ; qtfeen-jjosts, 10 5n. by 8 

queens, 10 in. by 4 in. ; principabi, 8 in. by 8 in. ; straining piece, 1 1 in. by 6 in.j^ 
stmts, 6 in. 1^ 8 in. , f / 

i040. The scantlii^ of purlins are regulated principally by their bearing; and 
though we have sulyoined scantlings for be^ings of 12 feet, such should be avoided by 
not allowing the distances between the tmeses to exceed 10 f^et. Thus— for a bearibg 
of 6 *lset, the scantling should be 6 by 4 ; for 8 feet, 7 by 5 ; for 10 feet, 8 by 6^ fbt 
12 feet, 9 by 7. ' n > J 

For common rafters the seantlings are as follow; 12 feet should be “the maximum of 
the bearing. For a bearing of 8 feet the scantling should be 4 by ; for 10 febt, 
5 by 2J ; for 12 feet, 6 by 2j. 

2040(l To determine the size of a rafter for a roof to support the covering of slate, 
the distance between the supports being 6 feet, and the weight of a Superficial foo% in- 
cluding the stress of the wind, being 56 lbs. ; the deflection not to exceed ^th of an inch 
for each foot in length; the formula becomes: — 66 lbs. x 6 feet = 336 lbs., and 

6 ^ ^ which take fths for uniform load = 98-44. If the breadth be madf 

inches, then ~^=39-3, and the cube root of 39 3 is 8*4 inches, the depth required^ 

These are the rules given by Barlow (page 179), who, in the several editions of his work on 
Strength of Materials, pot the “ reduced tabular value ” for Eiga fir, E « 96, and 32 times 
E be^me 8072; and for English oak, E= 105. In the edition of 1861, this has bieea 
alter^ to E= 192, and 16 times E = 3072 also, for fir ; or for oak Ess 210. The reason 
of this change has been e^lained in Beams and Pillars, par. lOSOin. 

20405. Another elenAlM the calculation for timbers above-named, is the weights of 
the difiTeront materials tMl in covering buildings , these are stated to be as follows^ 
(Flat fireproof roofs have been considered s.v. BfiiCKL^vsB^ 


A square of timbering for tiled and slated roof 
„ boarding | thick 

„ and sheet iron, 20 wo. 

„ pantihng about 7^ cwts , also put at 

„ plain tiling „ 14} „ „ 

„ stone slating „ — „ „ 

„ slating, a mean „ H m m 


ft 5 to 6 S lbs. 
- 2-60 


„ large „ 

lead „ 6 „ 

sine, Iff ouuce „ 1 „ 

copper „ — „ 

sheet iron, 16 w G , and laths 
„ * thick . - 

„ corrugated • 

„ „ and laths 

oast iron jdates, f thick 
thatoh about — „ 


50J to 900 
1120 


In lbs, per 
sq. ft. 

^ lA 


6 or 7 
1 2ff to 1 68 


The weights of iron roof coverings are given by &. 8. Clarke, Graphic Statics, 1880, 
p. 137, fhom tTnwin, Wrought Iron Bridges and Roofs, The column of fractions shows 
what the height of the rodr, in parts of the span, is usually made. As the timbers em- 
ployed are of course less in dimension as the weight decreases, it follows that a much less 
quantity of timber is requisite where the metals can be employed. On fiats it will be 
necessary to consider the weight pf the number of persons who may be probably stand- 
ing on it at a time. The force of the #ind has been coneideredin par. 1592a. when the 
rise or pitch is Jth of the span, the angle formed is 1B®26*'; J is 26®85^ ; 1 ia68®42'^ ; 
J is 46 ® ; I is 58® ; f is 6fl®20" ; when equilateral, 60® ; a whole pitch is 63^80". % 

2041. By a study of the roofs which follow as examples^ the architect w^ he led to 
other expedients and modifications of t^e forms submitted to his notice, as rircnmstaitces 
may calf forth bis ingenuity and talents. We have, we trust, already stud ***d 

him on* Where economy must be poneolted, 
tbo root shown in 690 may be used ; it 
is only At for a small building, and^the span of 


mid of the ooUsr beam exhibits what is called ' 

tlie carpfni^s koast^ but it partakes somewhat 7 * .3 , ! 

^thenuejoiDt,|)eing worked out to a centre. iSr , j ‘ V-st 5“^ 

But in TO^ kbove 25 feet span it is not ..j A ty: i 

well to omit the lung-post and tie beam, though, if particular strains ere to be provided 
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t& mefi siiall ^tpimt tBe strutt fh<mld not' be'di!iiitiled» iod the fbtin lihdMIit 
d91. «hould^bo ndoptod, which will cntwer for spans at least up to 35 £tet. In this and 



v||f>«»U , * Flt.699. 


other caSira of larger span, it is often desirable that the common rafters should not stand 
above the principals, and then the purlines are framed by mortices and tenonn into the 
principals, as shown at A, fig, 692.,' wherein the line 6c shows the underside of the 
common rafters notched on to the purlines. ' This is a usual^ practice in Gothic roofs. 

2042. From 35 lo 45 feet, the tie beam sliould be suspended from at least three points, 
or it will l^e ttnnecessarliy heavy ; and this Suspension of the tie beam, so that it may be 
really a tie unsus- 
ceptible of altera- 
tion in form^ is the 
trur cause of this 
Introduction of 
king and queen 
posts, as before ex- 
plained. Indeedi 
as a general rule, 
it is well that the 
diatence between 
^iieh points of sup- 
port for a tie beam 
Should not exceed 



13 to 1 5 feet, without expedients being used to prevent intermediate sagging. Fig, 693. is a 
queen>po8t roof of a span of 43 feet, over the railway workshops at Worcester, showing the 
introduction of skyligiits. The trusses are placed 15 feet apart. The principal rafters are 8 
by 8 ; tie beam, 12 by 8 ; queen-post, 8 by 6 } struts, by ; straining beam, 9 by 8 ; 
common rafters, 4^ by 2; purlines, in two flitches each (trus'^ed with stirrup pieces and iron 
ties), 9 by 3. The tie beams are cairied on iron shoes. Fig. 694. is a queen-post truss 
for a span of 50 feet, which leaves a considerable space free in the middle. The tie beam 
will probably be scarfed, which will be best made between a and 6. The straining sill c, 
•trapped to the tie beam, will add materially to its strength. 

2043; Forv spans above 60 feet we have not given scantlings of timber in the preceding 
tables ; but such do not greatly increase beyond 60 feet with practicable spans, and enough 

has been already said to make the 
reader acquainted with that part of 
th6 subject. Fig, 695, is the truss 
of the parish church of Elgin, de- 
signed by A. Simpson, of Aberdeen. 
The trusses are placed 6 feet 6 Inches 
firom centre to centre. The tie beam is 
in two flitobes, each 13 by 5^; prin- 
cipal rafters, 1 1 inches deep at lowar 
end, 8 inches at top« and 6 liihhc)> 
thick ; collar beam,7 by 5j ; king^- 
point 8tiaitii.5 bjr 5* ; ttyuts,''5 by 44 ; horixontal fafters, 4^ by |)laced 13 mches apart, 
and covered with inch groove^.ana tongued deah sud 7 Ibf. lead. This it stmilar to the 
Italian system intimated in SraoiricATiONt, par. 2285. The tie beams have cast iron shoes 
at each end, with abutments fprmed for the rafters, and secured with ^ inch diameter 
bolts with nuts and trasbera. The wrought iron suspending rods are^ inch square, and 
have abutmen^p({$^ fbr^lhe rafters abd struU. ^ ^ 

2043A^J|fL655a. is the truss .of a roof for a span of 45 ft.* inth oast iron atibet as abut- 
meni^^^^ timbm aptmg at ^rutt. The end;Of the tie beam basa- oast iron shp^^bich 
aWi||M t^^ rafter* Ibe sole plate of the shoe it prolonged inwards, 

to admit of its being teoured by bolts to the tie beam. The Itead of the principal rafter a, 
and ^mjend of the tj^jning beam oA. are Inserted into a cast iron socket tbo^ in detail 
in^. jC ' ThO iuti^tlon rod pf^ thrpugh the eoUd part of the so^ketiifit bat a head 
•ft lit Upper end, and aft its lower end. it it tigrea^ apd teeUFed by a nut. On. the ti4e gi 
file ridh dm burftne. To kroid cuttiiii the prinoM 

^ ;,V: -U ! . f t' , I 
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fiftMU. Um olher purline at B is aIio carried in a ml hm reel bolted to Hie wift e» 
oentio Ottspendinf rod passes tforougli a east iron aoebet, wbieh aerret as sn abolbuant to 
the main struts. Similar abutments are provided for the lower end of the struts. 1^* <i95b» 



fis-eestf. Fiff SS5&. 


for a span of 45 feet, has also wrought iron suspension rods. A roof of this description, 
54 feet span and 212 feet long, is erected at the passengers shed of the Croydon railway 
station. The figure £ is a section through a cast iron socket taking the heads of the prin» 
cipals, and through which passes a wrought iron king bolt, shown in position at D. 

2044. In all the cases given, the roof is supposed to receive no support from any 
hut the external walls, and the trusses to be in most cases not more than 10 feet apart 

2045. The reader who desires to become acquainted with other examples, is recommended 
to the works by Kraflfl, j4rt de la CharpenU^ and CharpenUrk\ Rondeiet, L*Art dt Bdtir^ and 
its continuation by Bloiiet ; Emy, Art de la Charpenterie ; Tredgold, Carpentry ; Newland, 
Carpenter** and Joiner** AeaUtant^ to which work we are indebted for the above new ex- 
amples ; and The Doctrine* t^JCarpentry Explained — of a Roof by Lieut.- CoL Waddington, 
in the Papers of the Corps of Royal Engineers, 1849, x. 71-152. 

2046. ji^.696 represents a i oof designed by J. Gibbs. From the centres of columns the 
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Us. SM. ffr. icARTis*t-uf.TiiR.nBU>8, wismursTBa; 

middle aisle is 39 fU 1 1 in. The roof is well contrived and firamed ; but the timbers nx€ 
stronger than they need have been. The scantlings are as follow ; — A, principal rafler, 

13 in. by 10 at bottom, and 1 1 in. by 10 at top; B, straining bruce, 14 in. by 10 at bottom, 
and 1 1 in. by 10 at top ; C, king-post, 9 in. by 9; O, strut, 7 in. by ; ]^ queen-post, 8 
in. by 9^; F, stmt, 7 in. by 7 ; G, tie-beem, 1 4 in. by 9^ ; H, post over the oolumn, 14 in. 
by 9^ ; 1, braee, 7 in. by 7 ; K, brace, 7 in. by 7 ; L, post, 8 in. by 9 ; M, hammer beam, 

14 in. by 9^ ; N, brace, 8 in. by 8 ; P, post in the wall ; QQQ. purline rafbrs, 4 in. by 6. 

2047. Ftp. 697. ta the section of a roof by James Stuart, about 1785. The span is 51 ft., 

and as a variation from the general forms of rooft, it is worth the student’s attention. The 



mending of tim Hmben «re ettl^fdned. TbedielMMebelwem dm tr^i fohbput 7^ ijB 
fb« Joints am weSmenradwidi iron etmps. AA^lMbeem, whmoirhdlete^klTft,. 
#1 ft, doif bitireea the waUe,M in bgrlS in.t Ifoo Idof-fwMt t Ifo e^nm 


cmaw. iir* carpektby; 

qiTMeii<pQirtii ky IS* DDDD* 9 in. 7{ E, ftrilaiii|: bMif l<7in. by 7; P, 
g|niitu3i^ {>|«ee,^ in. by 7; QQ, GG, principsl ra^iii 10 in. by 7i puflinn 

ufUn w hoarding up^ instead of ralWs ; PI, a camber baami aupporting the plnbBMrm. 
9(^9. Fi^* 696* e a h i b U s the roof of tha obi l>rttry X^ane Theatre^ which wm bulk tn 



Fig. 698. 


1 793. It possesses great merit, from the simplicity of its composition and the accommo- 
dation afforded in the middle space for the carpenters and painters. By dividing the breadth 
of the building into three parts, the roof was kept low, and the scantlings much reduced in 
sise. The span is 80 ft 3J in., the trusses were 15 ft. apart, and the whole length of the 
roof was 200 ft. It was destroyed by fire on the 24th of February, 1809. The scantlings 
of the timbers were as follow : — A, beams. 1 2 in. by 7 ; B, principal rafters, 7 in. thick ; 
C, king-posts, 1 2 in. by 7 ; D, struts, 5 in. by 7 ; E, purlines, 9 im by 5 ; F, ridge pieces. 
I ^ in. thick ; G, pole plates, 5 in. by 5 ; H, gutter platw framed into beams, 1 2 in. by 6 , 
1, common rafters, 5 in. and 4 in. by 24 ; K, beams, 15 in. by 12; L, posts, 15 in. by 12 . 
M, principal braces 14 in. by 12; N, struts, 8 in. by 12; O, oak trusses to the middle 
bearing of beams, 5j m. by 4^ ; P, straining teams, 12 in, by 12. 

2049. The last example we shall present is of the method in which the extenial dome 
of St. PauPs is framed (Jip. 699.). The internal dome A« is of brickwork, two bricks 

thick, having, at every five feet, as it rises, a course 

consisting of bricks eighteen inches long, which serves 
to bind the whole thickness together. This dome 
was turned upon a centre, which rested upon the 
projection at its springing, without any support from | 
below, and was afterwards left for the use of the 
painter. It was banded together with iron at the 
springing. Exterior to the brick dome (which has < 
indeed nothing immediately to do with the subject) 
is a cone of brickwork BB&, 1 foot 6 inches in | 
thickness, plastered and painted, part whereof is seen j 
from the pavement undm* the cupola through the 
opening a. On this cone B 66 is supported the 
timber work which carries the external dome, whose 
hammer beams CC, DD, ££, FF are tied into the 
corbels O, H, I, K with iron cramps, which are well 
bedded into the corbels with lead, and bolted to the 
hammer beams. The stairs which lead to the Golden 
Gallery on the top of the dome are carried between 
the trussM of the roof. The dome is boarded froi^ 
the base upwards, hence the ribs are fixed Wison- 
tally at near distances to each other. The scantling 
of the cunre Hb of the truss is 10 in. by 1 14 at the ^ 

hottom, and 6 in* by 6 at the top. The wdes of the 

dome am eegments of eiroles, whose centres are not 

marked hi the figme i end vhtdi, if continued, would ^ neess^ 

at top, and form a painted atfeh. Above the dome rises a lantern of Portland 
•*o®eieh^‘2I ika ia diaaieter, 154 foot standlttg on the cone. The wbede of this 
***i^*^*fofi *■ manifostfooim the ^pfhldi^eihilfits the inner and outer domes with the 

h^a^ea th^ 'Xhw conahlnation is aitqgtdiiie an adtnindile «xam^ of the mathe» 
sUH and of filr C Wten. 
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iTbt Urgent dmber roof perfiapi trer prelected, Mi over e Hding-iiotiie «t ^fOpCM, 
In 17^, fi>r Fnui I4 Emperor of Rinamt the reprewntetion of which may bo eeen in Emit, 
Rec^ de Chnapmk. The span is SS5 ibet, and the 4ope witti the horison abotit 19^. 
The external dimenuone of the boUding were 1991) <eet long by 810 feet wide. It was 
lighted by a lantern at top, and bad an interior gallery round the building for spectators 
Cresy, in his Cieil Engrineerinp, state* that this roof was never erected. 

2051. We shall close this part the aection with a diagram (Jiff, 700.) of the roof of 



-fee busUiCa of S. Paolo fiiorl le ni*ir^, executed in the fifteenth century. The trusses are 
double, each consisting of two similar frames, nearly 1 5 inches apart, at intervals firom each 
ether of about 10 feet 6 inches. The principal rafters abut on a short-king post it. 
lietween the trusses a piece of timber S is placed and sustained by a strong key of wood 
passing through it and the short king-posts. This piece sustains the beams by means of 
another strong key at a. The tie b^ms are in two lengths, and scarfed together, the 
scarf being held together by three iron straps. The scantlings of the timbers are as 
follow : b^ms f, 221 in. full by nearly 1 5 in. ; principal rafters p, 21 ] in. by nearly 1 5 in. 
auxiliary rafters 6, full ]S| in. by full 1S| in. ; straining beam c, near 15 in. by full 12|in. ; 
purlines d, ejin. square and 5ft, Tin. apart; common rafters, full 5jin. by 4Jin., and 
8J in. apart. The roof, which is constructed of fir, is neai ly 78 ft. 6 in. span, and is 
covered with the Roman tile, the exact dimensions and form whereof will be found, under 
the head Tile, in the Glossary appended to this work. ITie roof is ingeniously and wellj 
contrived, and, with a different covering, would suit other climates. It was consumed by 
fire ill the month of July, 1823. (275.) 

Philibert Delorme, m his work entitled " NoweHes inventiems pour bien betir a petitr 
r raht* Fans, 1561, gives a mode of constructing domes without horizontal cross ties, when 
the epringing of each rib is well secured at the foot. It is a very simple method, and of 
great use in domes, even of large diameter, the principle being that of making the several 
ribs in two or more thicknesses, which are cut to 
the curve in lengths not so great as to weaken the 
timber, and oeoiiidng these well together by bolts 
or keys, and cfewving especially to break the joints 
of the several thicknesses. This method was adopted 
in the large Halle aux bleds at Paris, which was a 
many years since destroyed by fire, and has been re- 
placed by an iron-ribbed dome. Die Jiff, 701. will 
explain the construction ; and, if necessary, an iron 
hoop passed round at dilTerent heights will add much to the strength. 

2052. The scantlings of the ribs, as given by Delorme, are as under : — 

For domes of 24 feet diameter, the ribs to be 8 in. deep, and 1 in. thick. 

36 feet diameter, — 10 in. deep, and 1] in. thick. 

60 feet diameter, — IS in. deep, and 2 in. thick. 

90 feet diameter, — 13 in. deep, and 21 in. thick. 

108 feat Ammeter, — 13 deep, and 3 in. thick. 

For smf^spans of about 24 to SO ft., tlie inch pbmk U about 4 ft. long by about 8 In» 
wide. The feet of the ribs are tenoned into the wall plates; the shoulders of the tenoua 
beuig about one inch. Thetiet A, placed about S distant, are 4 in. by 1 in. t they m 
someUmes shown passing through the planks pinned with keys 1 iib thick and U IflLiridhk 
and of a length neariy ^e wi^fth of the plank ; this method twwlf matetially IrweeSm ' 
the ribs ; that shown in the ^ut u a better mode. The wall plates, lO or 13 inebci 
K mortices 2 inches wide, 3 Inches Am end 6 

supk at 2 feet apart, to receive the ends of the riba. In a roof wheeze emn wm 
fhe scantling Was increased to IS inches wide and U inebm tbicL lie to irmertlm 
imy *ub!e ma 8 1nch« h, li, UTl dMUSlSS, 

the wall plate. Thu syskem, with many mo^tatoife wae extotvely adopt^tt to^ 
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e<Mn|4riietlott of the niiire end tide^rectiooi^ tiie building fbr ^ic IlkhHn^oti of 1332 } en4 
•Uo for taam of t;he paeum^ d^o.» of the Horticulturel Socwtyt elitl exist, and 

deaeree examliMi^oii. It Is also adopted for temporary sheds of larfi jspm « 

SOSSa, This work by 0e Lorme desenres the study of every one Ihet teeks to be 
an arohitoet, tbou^ in these unfortunate days ibr tlie art the rewaid Of study and 
reading is very doubtfbl ^ 

S052&. Since the period of De Lorme, another 8)Qrteiii, arising out of itt has been extent 
sively adopted for large buildings. Colonel Emy, having been called upon in 1819 to 
design a roof of 60 ftet span, sueeeeded in composing one in irhich* while timbers of a 
greater lengtii might be us^ the necessary solidify, with the lightness and economy of the 
system of ^ Lorme, might be combined* This he carried out in 1825 and 1826. Tbd 
workmanship ia less than in De Lorme*8 roofs, as the 
wood if all in straight pieces, and is within the power 
of the ordinary carpenter. An arch is composed of 
a series of long and thin planks, laid flatways the 
flexibility of which permits them to be easily and 
quickly bent without the aid of heat ; and their 
rigidity, properly regulated, maintains the form 
given and destroys the thrust. jRp. 701a is a por- 
tion of the l>ase of one arc, which will illustrate the 
8}'8tem. The details are best learnt from £my*s 
own work, as it would require much space ta do 
Justice to them. The vertical pieces A are 7} inches 
thick, and placed about 4 inches from the wall. 

Tlie three flrst radial pieces B are prolonged beyond 
the uprights, and enter recesses in the wall to steady 
the frames. The plates C, breaking joint well with 
one another, compose the arc, and are Ig inch thick, 

51*0 inches broad, and about 40 feet long, bolted to- 
gether, the bolts being driven tightly into accurately 
made holes, and are further firmly tied together by 
iron straps ; the bolts are inch diameter, and al>out 

2 feet 6 in. apart ; the pnneipat rafrers are 5;}^ in. 
thick; the trusses are placed 9 feet 10 in. apart 
2052c. Upon an experiment that was made by 
£my to teat the strength and thrust of this arch, 
he found it necessary to add a supplementary plate 
to a part of the extrados, and two plates to a part 
of the intrados. The following is the proportion of the number of plates and their vHdUit 
which he adopted as a rule : — 

ft. In. 

From the springing to radial (B) Na 1 • * 7 plates, 1 3 wide 

From radial Na 1 to the tie pla^d between radials j ^ ^ 

Nos. 6 and 7— •• — — *8,, 4 * % 7 fp 

From this tie to radial No. 6. - -6„ *f0„ 

From radial No. 9 to the king-post • - 5 „ nearly lb 1 1 



These supplementary plates were of oak, and of the same thickness as the others. Th^ 
roofs are also given with sufllcient detail in Newlands* work alwve-mentioned. 

2052d. Hboi^val Roors. — In the south of France the few Romanesque roofs did not 
differ from the common king-post roof, except in two points, viz., that the tie-beam knd 
the king-post were stop-ohanffered ; and the strain of the 
purlines u^n the prinoipal rafter was counteracted by a 
nearly upi^ht strut from the tie-beam. This system 
left the principal rafter with a fklse bearing, if the walls 
were not extremely thick in proporrion to the width of 
the apartment which they encles^ Aa a remedy, the 
late Romanesque builden tenoned the purline into the 
principals, and| moreover, laid it with its wider side to 
the rafters* in otder that the backs ^of the common 
rafters Mh&M bu flush with those of the principal rafters 
i^rimilarly to fy. 69 t.> The next step was to put ^ 
proper atruli ftom the foot of the king-post At the 
f resent diqr the pmiine liidioed onedge economy of 

RDdfif. Ip the north of Fieaee there waO difoeultT in roofing over the vaulting: e frher 
mam India haA to be earried as high as the ridge-rib, or else tlie frame of ^ roaf 
Ifod to boahnihr-in to that shown in fy- 7<Mk. Experience proved that tha 
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Mtor Msultfd tn letting the pritfcipni xnAer* dmw'the^ tenooe o# the bi«o««, nnd to 

r«E idea of » Ik oonii^jtmg tt»e two wnll«| lienee the mediievml Iwaldtrs weie 
oldigea to ni^ the welli suffieientljr high to allow the tk-heami tp pass over the baeh 
of the fidge-oril^as wopld be the case at A. This was eipensive^ and, moreover, it was 
6 caroe !7 praeti^k where the walls were littk thieher thim was necessary for the 
backing to the formerets of the vaulting over the arches of windows It is to these 
facts, rath^ than to any influence of (dimate, tltat may be attributed the adoptioxi oi 
the bigh-pitohed roof, a system which required neither, great widtl) of footing nor largo 
aoantlmg of timber, isa the ptirliuea were discarded* and the weight was distributed among 
the tmftm and triistea of ea^ The detade ^ such a roof are umple. Two pistes A 

(j|t|y. 701e.} are placed with their widest sides on the wall, and ate strutted between from 

k the ieet of the tnnsea to the centre of the bay. Upon tbeae plales, 
tassela or short hammers B, aie cocked down atinterVOk between 
tlie tie-beams, which are cocked down and dove-tailed, to take not 
only the feet of the common rafters, but also the nearly upright stud 
or ashlar rafter F, which serves to give a wider base to the prin- 
cipal and to the rafter. Alt these vertical pieces are double- 
tenoned and pinned into the other portions of the work. 

2052y. The reeking motion to which large roofs are liable, soon 
k showed that this was not the manner in which to make them 
B ^ secure. The purlines had been discarded, but the need of their 
service remained ; the necessity was obviated by erecting a sort of 
\ • trussed partition under the ridge. If the king-post waa not car- 

u« ried by the tie-beam, the whole roof depended upon the strength 

of the head of the king-post, into which the ridge was tenoi^d, 
and the manner in whicli it was connected with the ends of the 
HHHH principal rafters. It therefore appears to he more probable that 
rig. TOie. the king-post was supposed to be carried by the tie-beam; indeed, 

examples occur of trussed partitions 70ld.) to ridges, supported by king-posts A, 
which stand upon tie-beams that ride in queen- stirrups, B, where the stirrups are hung 
from the principal rafters at three-quarters of the height of the roof Care has been given 

to tins detail of the practice, because it seems to have 
been entirely mistaken by Viollet le Due, Diet, r for 
example, the braces C, to the collars D, are supposed 
by him to exercise a favourable effect in pre- 
venting tlie flexure of the rafter outwards, whereas 
the fact would seem to be that the brace has to hold 
up the collar D and with it the stiriup B, and witii 
them the tie-beam £, Jbr the collar is tenoned into the 
king-poet and rafter. That author defers dating the 
period of the perfection of medieeval carpentry (as 
well as of joinery) until the end of the 15th and ^e 
beginning of the 1 6th century. 

2052^ The framing of cradle roofs, with king-posts 
carried upon {not carrying^ as Viollet le Due sup- 
poses)" the tie-beams, became a practice that in 
France was genera) from tlie laHlr part Of tiie 12th 
until the end of the 16th centuiy, and which con- 
tinued the same peculiarities of construction that are 
above indicated. The distinction between the stirrup 
end the post is less easy in the truss shown in.;Sp. 701s., 
but still it must be reckoned as a postt example 
Fig. 7 oi(j. 4T AcxxBiuB. frcm the pr^feeture^ formerly the episcopal palace, at 

Auxerre, covers a hall which is 30 ^ wide ; the trusses are placed 13 f^t apart firom centre 
to centre. Tlie scantlings are as Sjlkwf ;---K.ingHf> 08 ts, 5 by 5, and principal rafters 5^ by 
4 J ; the common rafters, $ by 4l, are shown in j%f. 701/.# and are trussed in a difrarent 
manner; they are pliced nearly 2 feet apart. The roof appears to be boaorded on the 
inside to the circular form. 

80524 Although Viollet le Duo is of opinion that the tk-beams to the fine cradle roof# 
5 ; foot S inebes span, constructed al the b^^inniog of the 16th century, over tlie great 
hail of the ikku do Juntiee, at Rouen 2i7. ^bave bm eut awey, it mf not be nnfttr 
to iViggest that the work might have stim as well In Its eonslfuetksh it bad rosemlded 
the oi%r and fine roof of ^ eblteau at SttUy-suf-^Lolre, which he so weQ iBeilratsf# 
bitl whieb want of space prevents our also doing. The student hM, perhaps,^ ISO eiusii; 
^ regfoC* ns Its eonstruetion can fcarody be reeemoMnided for Imltntion in the, psesnnt 
|l is about S6 leet span. , ' 

^ tbonnen of a ridge^roll and the posHkn of ^ r idge-pkee ift Hie 
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«f ^iim4iiwiiI fwjifk 4Mem notitfe^ At toon at tha ^rlinM It i«emi that 

tmlldert r^iad Hpoa the king-poft to carty a ridge»p2oeo upon wfeM rafted tha andf of 
the tHftorai thaw irara btivad and 
apikad togathar abofa it. Excepting 
in a few aasea ttia ridga-pteee wm 
irntber a purline at the top of the roof 
tium an abutmant. Much of the bolt 
and atrap work appllad in the irisible 
iramea of roofs is not alwayi the most 
^udietotts as regards tba aonversioii of 
construction into decoration. For 
example, if it were calculated that a 
tied>eam would sagt instead of in- 
creasing its scantling, or of trussing 
it, tlie medi»\al carpenter would very 
probably hang it up to his truss, as 
in /ffit. 701p. and 70lh, At a later 
period (say the Htli century) with 
some spikes. Fig, 70lk. illiutrates 
the method of forming the junction of 
post^ beiln, and strut in a roof ; and 
fig, 701/L that of beams and posts in _ 

the timber toning of bouses. «s- »%• wi/ 

20521 At will be at once perceived, by fig, 701 c., that the hammer-beam BB' takes the 
place of the tie-beam, the middle part of which may have been cut away. The tinted por- 
tion shows the foot of the rafters in a cradle roof ; and the lighter portion the position and 
form of the hammer-beero» the outer end of which is tenoned and pinned on to the wall 





tig. lOlg. Fig, 701*. Fig 70l». Fig 701*. 

plates A, and the inner end supported by a curved brace C, which starts 
from the bottom of the wall piece D, the whole being pinned together at 
the ends. Sometimes a corbel receives the foot of the wall piece aud 
Thus the whole length of the hammer lienm may be said to I»ave a solid 
bearing equal to supporting the roof rising above it* by the ashlar rafter 
or strut £, and at the «me time forming a part of that structure. Wiien 
the whole is put together securely, it has been considered almost impossible for hammer- 
beam roofs to spread, as from the stifTening action of the braces, it would require a very 
heavy force to push out the walls. But “the abtence of that curved brace which dis- 
tinguishes the Vfestminster example, makes these rooft much more likely to a 

thrust upon the walls, an^ accordingly, it is notorious that in very inwy cases this bM 
oocuned. In the Una example at Croxton, the strain was so great as absolutely to break 
short off Uip pe^otly sound heart of oak pins nearly an inch m diameter, with which it 
was held together ; and it is to be feared that many of the of **^5 

similarly ia a dangerous condition.** So writes Mr. Street, in his Magiuh Woodwork, read 
at the Instituted British Aiobitects in 1865, a paper which should not be n^leoted by 
the student The principle of the construction of tl m roofc has perbspi not yet been 
ssdsfectorilv elucidated. . 

2052W. The timber roofe In EngUnd may be divi^W fire 
tie-beams ; 1 1. Roofe with trussed rafters, or ringle ftmmed roofc ; III. Bo^ wito braces 
with or without coHsra; IV. Eooft framed ^th hsmnwtoiiiss and V. Aisle roofs. 
The first era general and better treated in France. The otliers are more pecuHw to 
Eefimd, in which of these ibnns are to be feund^ especially 

no 5ic hamwnfbcm fystaoi. , 

fiDfifin. FlfcdL— These edofc era fer the most part acutely pitched, though thia was by 
no wmm filiiir Invariahlc characteristic. An ang|c of 20^ was pe^s the ordinary dev^ 

fcltUd IIm iailiat mahatpi of tha peycodwito |;enod. The too^ cc the aecoraM 
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lfceiarg«r a^tl^aiale of S(U Maf tie's ChUroh* Leicester bas a tpah of SI feet) 
4 feet, jE)ar. 8040b.).. 

2058o. L The tie-beam bears the ^vrho^e weight of a low pkplwd roof. The roof over 
tlie south chapel of Kidcfui^on Church* Oxfordshire, is of rather s steeper pitch than that 
at Leicester. I^he under ude of the beam is well moulded, and is connected with the 
wall-pieces by moulde4 curved braces forming a very olitusely pointed arch ; the purlinet 
rest directly on the beoin, and the ridge is supported on it I v a post, and by short 
curved braces, the whole of Ute space above the tie-beam being fi.led up so as to give it 
the appearance of a solid triangiilar shaped beam. Tlie naves of Raunds and of Higham 
Ferrers Churches; Kortbamptbnshire, the latter of decorated date, and of Wimmington 
Church. Bedfordshire, present good and differing exi|mpl^. Tlie tie-beam is rarely left 
perfectly boi^htal ;<the collar- beams and even the hammer-l)eam8 will be found to incline 
upwards. T^lieams w^e sometim^ employed quite independently of the other timber!;, 
Iming simpfy laid acfoite.the building from wall to wall, notched down, and pinned to the 
wall plates. . They were never entirdy discarded, as they are to be met with in each of the 
four usually accepted divisions of the style. At SouthBeet Church, Kent, the tie-beam is 
beautifidly moulded ; whereas, at Noithffeet, it is left in almost its natural roughness, 
while ihe roof itself, which is one of the trussed rafter kind, b panelled, and has moulded 
ribs with carved bosses at the intersections. 

2053p. An example of a strongly cambered tie-beam, with an ornamented king-post, is seen 
in Swardcstone Church, Norfolk, and it is by no means uncommon in the counties of Kent 

an4 Sussex. The tie-beam 
of the roof over the aisle of 
North Walsbam Church, 
Norfolk (Jiff. 70l»t.), passef 
through the nave wall, the 
end forming a corbel for the 
wall pieces of the nave roof. 
This roof also presents a 
practice which became al- 
most universal in rpofs of 
later date, viz., an intbrme- 
diate truss between the tie- 
beams, in consequenee of 
the extreme width between 
the main trusses, to support the ridge and purltnes, by the adoption of double rafters 
on each side, strongly united and framed together, springing from a sm«ll haiitoier- 

beam over the apex of the arches. In 
roofs of high pitch, various endea-? 
vours were made to retain the arched 
shape in conjunction with the tie- 
beam. At Fulham Church, Nbrfolk, 
and Morton Church, Leicestershire^ 
the beam divides the aro^lMo twoi 
with a bad result. - 

20529 . II. Se7>;9fe-/rofl»4P^i^^ 
times' have only diagonal braces cOn-i 
necting the rafters. These occur gene- 
rally wher^ the span is small, aS over a 
porch. In wider spans, even without 
tie-beams, each pair of rafters was 
framed with a cullar-lx*am» and was 
stifT^ed by braces crossing at times 
above the collar^ and at others the 
braces being tenoned into its under side r 
nf,voifi. wiMBotnuK, xoaroLK, when the Utter* was the ease, a secontl 

eollar was generally introduced above the ffrst Such roofs were ve^^ frequently boar^d 
Underneath, forming thus a polygonal barrel vault, and moulded ribs were stpplied, divid-^^ 
hig the boarding into panels, wiUi carved bosses at the intersections. The ebdve details 
yRlbe fenind combined in the examples of the ilecorated period ffrom fjBjS nave of Wim- 
hobdikm Church, Nmfolk (J^. 70la ). ' The an^e of the roof is tte span is 21 ihet 
9 inohM ; the raftefs and collars are 4^nche8 by 4 inches The fbhn^r placed 1 fobS) 
9 Inoh^ apart between the centres The nave from b^,Keedhatd‘ Church, Norfolk, 81‘fflet 
ii^ftimed on the same principle. The hall at Sulltniur-Loine is a fine exaihple. : ^ ^ 
HI, Roofii constructed with ftfitzetf may ,be divided into two dames i I. Tbosb 
^Raa4>eamt and braces ; and IL' Tho^^WitbooideflaftbeamSk An etatnpli Ih# 
tdm^ is Useii in the roof of the nave at ^i4ham 4(%klh is'lbmied'nb 

an tmgle of with a span of 2afeet 5 inehm ^ Wall ate tedl# piiiti4d^iii|o» 
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the ef the iirtnctpal refters, deseeiulin^ ]o#^^0iih oi^tSd «ti0l? 

gprmgff Sireetly A'om thh to the eollar-beaniy uniting them both with^^tha mineipat it is 
1ield^&«t ft itdhld be imponible for this roof to spread until it bad hMen &§ eorved 
braees. Hie va- 
rious timbersare 
all effeotiveljr 
moulded. The 
principal rafters, 

13 indhes by 10 
iuehes; oomipon 
rafters, 6 in^es 
"by si inbbes; 
collar •beam, 14 
inches by 
inches ; ridge 
piece, 8 inches 
by 8 inches ; 
ptirline, 8 inches 
by inches; 

wall piece, 10 Fis.70l<v vulham, koiwoik. Fls.TOip. 

indies by 8^ inches. Width lietween centres of trusses, 6 fbet 2jnches ; and depth of corolee 
3 feel 2 inches. Of class II. is the roof over the nave of ^Stirston Qhurch, Norfolk 
7Vlp ). The angle formed is 100®. At the Apex of the roof is a strut B, about 9 inches 
84]uare, wliich hangs down 2 feet ; its four sides are morticed, two to receive^ the ends of 
the brAces where they are pinned, thus preventing the possibility of its droppiiw ; and tfii 
other two on the opposite sides, to receive thb^rcned ridge braces, as shown at C, This ar- 
rangement tends to prevent the roof either Spreading outwards, or roeking firdm east to west^ 
The span is 21 feet 10 in. The principal rafters are 10 in. by 9 in.^ common rafters, 6 ini 
by 4 in. ; wall piece, 10 in. by 7^ in.; purline, in. by 5j in. ; and cornice, ! 1 tn. by 10 ini 
20.4 2s« IV. Hammer-beam rofifs are always double-fiamed roofs, the raftfers being sup* 
ported by a skeleton framing of purlines and ridge, restmg on, or framed iifto, -the principal 
trusses. Among the many varieties of this description of roof may be noticed':— -( 1 ) Thbse 
with collar-beams and no struts, the collars, principals, and hammer-beams being united 
with cbrved braces; (2) Those in which the collar.heam is omitted, the curvpd braces 
being carr^d up almost to the ridge, and framed at the apex of the arch into a strut, which 
receives also the upper ends of the principals ; (3) Those with no collars oy struts, tW 
wlioie of the tru«i8 being connected together and stiffened with Aurved braces onijr ; in this 
instance the arched braces are formed of three 
pieces of timber, one on either side of the 
roof, tenoned into the hammer- beam and prin- 
cipal, and reaching up as far as the purline, 
the centre piece forming the afiex of the arch, 
being tenoned into each principal, itself acting 
as a brace, and to a certain •extent as a collar 
beam; and (4) Those having hammer-beams, 
collars, and struts, -connected together with 
curved braces. (S^ pur. 20524) 

2052t. An example of the first sort is tlm 
roof of Capel St Mary’s Church, Suffblk 
(flg. 7 OI 9 .). The angle foinled is'ST^, and 
it is very seldom that a hammAr-lieant rdof * 

’has a steeper pitch. Tpe span is l8 feetsj^— 
inches. The principal tdher ia lO incbei by * f**" ^ ^ 

8 inches ; ^common fafter; 6 hy^S idohek; b^mider-beam, 10 tnc)iel^biy 8 inches ; cellaiw 
beam, 10 inches b^r B Inches ; purfiiis, 0 inches b ^'5 incliM $ Hdge pj^sie, S ^sjms by 6 inohesk 
Ihe trusses are 6 feet ap^ from Centra to cehtre. T^e secimd is /y. 701r., 
the nave toot of Truboh Qnirch?. Norfolk, ^he intermediate tauises exqiapA 

ibai instead of the lonj^ .wall-piece and brace, 4|e walUuiece ia, stopped At 
aroh'of ^he oUasratorv window, imd a veryMaptcmed luSice connects it with 
b^m.* The wpandrils are filled in with perforated Hm span is 19 (bet. 

eip^ leader it 10 inches by Scinches; common rafm» filnehes py 4 inchest hammm 
lO^incheS by 10 inches; purline^ 8" inches ^ inches ;ji€^pM^ 104seliet'by40|i(^ 

The tifussds are 5 feet ^ inches apmt Ibe third ioH is jbocm In TOIe t (bo ro the nf 
WyihondhAm Cbureh, Korfohk. The hafomer-bcem project xpither mbi^ l^an a l|tmver 
the 4vidtb bf4he nave; and Ato carv^' into 'fi^mres; , 

steiijAx %prssr but 3 mAde*subordddate tO tbw m the ntyn .trusee%. At tbe JntenectiM of 
riw^bdaM are laroe cArvbd'fiowArt standing oift ^ 
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Ibfj SKited •ttiimJct are iboae t>f Wcftmbiter Hall, 68 feel tpm (Jig* 
196.); Hampton Court, 40 feat apaa^ mliato 
)Pak^ 86 feat 8 inchei; BaddingtM 1Hali<s 



70ir. TBtrKon, KosrouL Fig. TOU wruomnuu, vowour. 

8outh Wraxhall, 19 feet 9 indies; Croydon, 37 feet 9 ipdies, &c. It will be well to 
imtiee, what is not usoally Jtnown, or shown, in the sections of the Westminster roof, tliat 
»|ilw main pnrlines over the strut, are upheld with the collar-beam by an intermediate rafter 
fir great atrengtlu Mr. S. Smirke lias observed 
(^rehmohpiot xx\i. page 417-18), that “this roof is 
the common collar-beam roof, and of extremely simple 
construption ; the whole pressure is carried by the 
straight lines of tlie principal rafter, and (curved) brace, 
aliove alluded to, directly into the solid wall, where 
it ou^ht to be.^ The examples of lesser importance, 
as regards span, are not all of the same elegance as 
tliat of Westpiinster, wliich, at the same time tliat 
U Is the largest and best, is also the earliest (1397) 
of the series. JSome examples present double hammer* 

beams, forming a sort of corl^lling over up to the ^ |H 

ridge or to the collar-beam. Ftff 701/., from Knap- 

ton Church, Norfolk, is 82 feet span, and is a fair 8|B 

specimen of such roofs. The wall is 2 feet 10 inches 

in thickness. For all these examples, we are indebted ^ — isa 

to the excellent publication by Brandon, Medieval IP 

iloqfe, to which work we must refer the reader for de- ^ Jui*rToa, vortolic. 

tails of decoration and painting, as the above figures are only here introduced to show 
the principles of construction displayed in such roofs. 

2052t(^ In^p. 701 a, we give the modem roof, of 81 feet 2 inches span, over the nave of 
Bickerstafife Church, Yorkshire, designed by Sydney Smirke, R. A., as a good specimen olT 
the adaptation of modem science to medisval structures. The collar* beam is double, each 
9 in bjr 8 hi., througli which the king-poet is tenoned and strapped The purlines are 7 in* 
by 4 in. ; the brace, 9 in. by 7 in. ; and toe corbels are 11 in. wide, being aim tailed in 1 1 in, 

2052e. V, dtsfe, or A^au-to, rorf*, may be deesribed as 
usually oonsisting ^ Mixoag timb^ answering toe pur* 
poee of prin^^ iraftera, laid at each end on the 
t N lower pfete idstiog on the external wall, the itppir one 
i y oither sp^ported on corbels proj^ng from the nave 
theij^in. W^-pieces are tenoned into 
• ' ' ' ^ li^p^dn^ iower exiremitiea of the principals, and 
^ T curv^ lAaodi ^rii^ging from the feet of these toeet in 

I tlie centre of the principal, forming a perfeei^ arch, having 
A the spandrils generally filled in with traceQ^. A puHine 
fe usually framed ,lii(to the principal, and an this and tot 

j . . plates rite common mfiteia art support^ <iee dlso Jlgk 

^ ^ 7010.). In aisle rooft th« wltole cf the timWs, eten Ao 

Mt*--— t „ .i | the common rsd^fers, were feei|uenriy found moto r|cM|r 
BE. moulded than toose <rf tin oarc^ .posnhly from iMlog 
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be ft pIftB tftbft imclfttedwith 
« i«of| Iteight 

or slope U the 

plan lei^hwisft into two 
equal parts the Hue 
which produce indedtiitely 
at both ends. Make ep 
e<itia) ea> and dil equal to 
df( and througli k and gi, 
parallel to 4tll^ or cdf draw 
fines indefinitely we, ip. 

With the distance dc <»r Cp, 
either of which is equal to 
the length of the common 
rafters, set oflTqe, as also from 
h to pj from t to o, and from 
f*to n ; ftom Ato to, and from 
p to Z. Make tt equal to Cb, 
and ab equal to fa, which 

points join^ then either aC nr at represents the length of the iiip rafter, and Joining the 
several lines aqb, bpoct cndt and dmZa, they will be the skirts of the roof. 

2054. To find the back of tlie hip. Join pc, and from r an a centre describe an are 
touching the hip as, and cutting at in u. Then join gu and ue, and gne is the back of the 
hip rafter required. 

2055. Fig. 70.3. represents, in abed, the plan of a building whdse sides arjS bwrel to eacb 

other. Having drawn the ... 

central dine ef indefinitely, 
bisect the angle rag by the 
line oe, meeting ef in e. 

From e make eg equal to re, 
and rg perpendicular to ea ; 
then, if e a be made equal 
to ea, ra or aq, it w|H be the 
length of the hip rafter from 
the angle a. Through e 
and /, peipendicular to the 
sides ea, draw the lines 
np, mq indefinitely ; nnd from 
a, as a centre with the radius 
aq, describe an arc of a cir« 
cle, cutting mq in q, and er 
(perpendicular to ha) pro- 
duced In /. By the same 
kind of operation oe will be 
found, as also the other parts of the skirts of the roof. The Unes id, (fb, and f^are intro 
duced merely to sliow the trduble that occurs when the beams are laid bevel, llse angle of 
the back of the hip rafter, rwg, is found as before, by means of « as a centre, and an arc of a 
circle touching aq. The backs of tlie other hips may be fbund in the same manner. 

2056. Fig. 704., from Price’s Carpentry, is the j^lan cf a house with the method of placing 
the timbbn tor the roof svith the upper part of the elevation above, wn<eh,’after a perusal of 
the preceding page^ cannot fisH of being understood. The plan ii to bCprepared fior 4 
roof^ ettber witli bips and valUea, or with hips only. The opem spaces at G aind H ar4 
over the stehrawes : in case they cannot be lighted from the sides, they^may lie Idft to 1^ 
finished ftt discretion. The chimney fiues. are ahown at IKLMKO. Tlien, havliig laid 
down the places cMT Hie openings, place ihe timbers a* ns to He on ihe piers, and ^as ^ as 
pomible from the fiues^*, mui let them be so connected together as to embrace «e9in^|^ of 
the pkn, and not liable to be sepacated bv^tbe weight and^Hivutt dT li ntel. Fist 
trussed timber partil^n, to discharge the weight of the roof over a sidon MeSr^ ’ 

2051. Q is the upper pai^ of the firont, 'and ‘B a pedim^ •dm tlU small hteaki 
height gives that of the Idahk pedestal or parapet $. Suppose T to represent half of 
theroor coming to'a point of ridge, so as to Span the whoioafi once, "'which,** as'^iee 
truly <diterves, "was the good old way, aw vfa a»e aliown by Sertio, Fidladio^***&C.|,or 
suppose the roof to be as tbt other side tJ^wi k, to air to hin^a fii^.^iii;y^liglit owthe 
Imy F, its balustrade' being W; or lire suppose 9& to rapresehtili^ roofsS ifiapniiigrthe 
whole ^tree If X JraaMed, the valley and ^ Should he fipamed as at T; if 

the principal Sifters musk heSraeiad as 4t IS, in oilder "to boring part tt Iha freight of the >oof 
sad envertug oil the partition.iirans. The f eipahidsr needs not ftirtlier eapteelioit 
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905S. We dull now proceed ^ ^ method of forming the ribe for groined atclui 

lliebee,&o. The method of finding ‘he ilape of theee i* the «rae, 

erhetlier for nwtaming pfauteriog o‘ eupporting the boarding of 
eentt« fiw Wok or atone work, e»eept ®>t plaater, the inner 
pdge of the rib ia out to the foi*. “«*. >« centering, tto outer 
edge. OwMna. aa wo have already •**". may be of equal or un- 
equal h<^ and in either caae the ^e rib may to atraight 
or eorvedflBid ttoae condition* produce the Taneties we are 
about to oonaider. 

. aOdP, To towrilerta porta 1/ •»«»««»*«»***"«*««« ^r* 
pdar of aaaqaol Mgkt, eomaun^y e<dbd Wcimi (laoixi. We 
here i^p|>o«e the groin to bo rigbi-WjfWe AB 705a) 

(■e the wddfli of the greater arch. !>»•» BD at an|d*i to 
Alt, and in the atratot Ime BD .««*• CD e^ to tto w«d« 
of Ae ieaaer arch, £tow UF and CE perpenmeular to BD and 
E# nnallel to BD On ABde»«dtottoatoMelwlaBpMA,*nd 
. em El? dwrito the aemieirele JPwduea AB to and 

Ffi to ipi cutting Ap in y. Thfcngh 





Fig. 706. 


tn. CWRPI^NTRY. 

.eirole JE^F dim t* perpendieular BD; cutting the circumferenoe of Uie seml'circle In t. 
DraiF ip p«nd|d to BD, From thA «c^ntre y, with the distance yp, describe the quadrant 
pm, Draw^mf parallel to AB, the semicircle described upon AB in the point i. 

In the arc Bf take anv number of intermediate points p, A, and through the points 
draw itf kut parallel to BC. Also through the points ffhi draw gkf hi, im parallel to 

AB, cutting FE produced in A and L From the centre y describe the arcs in, lo, cut> 
ting AB produced in mo. Draw nq, or, parallel to BD, cutting the lesser semicircular 
arc in the points q, r. Through the points q, r, $ draw qv, ru, it parallel to AB; then 
through the points tuv draw the curve tuvc, which will be the plan of the intersection 
of the two cylinders. The other end of the figure exhil)its the construction of the framing 
of carpentry, and the method in which the ribs are disposed. 

2060. To describe the sides of a groin when the arches are of equal height and designed 
to meet in the plane of the diagonals. Let <^and al {Jig. 706.) 
be the axes of the two vaults, meeting each other in a, perpen- 
dicular to a/. Draw A B cutting a/ in w, and perpendicular to 

M, draw BG cutting al in b. Make wA Imd wB each equal to 
half the width of the greatest vault, aild make 6B and bG each 
equal to half the width of the lesser vault. Draw AH and BE 
parallel to ajl and draw BIl and DF parallel to al, forming the 
parallelogram DEIIF. Draw the diagonals HD, FE. On the 
base AB describe the curve Bcde/A, according to the given height 
tt/of the required form, which must serve to regulate the form 
of the other ribs, 'fhrough any points cde in the arc Bcde/A 
draw the straight lines cq, dr, ea cutting the diagonal HD at y, r, s. 

Draw qh, ri, ak parallel to al cutting the chord BG at the points 
X, y, z, h. Make xh, yi, zk, 61 each respectively equal to tc, ud, 
ve, wf, and tlvrough the points Ghihl to B, draw the c^rv^ 

GhiklB. Draw qm, rn, ao, ap perpendicular to HD. MdDite 
qni, rn, so, ap respectively equal to tc, ud, ve, wf, and through the 
jioints D, m, n, o, p, H draw a curve, which will be the angle rib 
of the groin to stand over H D ; and if the groined vault be right- 
angled, all the diagonals will be equal, and consequently all the 
diagonal ribs may be made by a single mould. 

2061. The upper part of the above figure shows the method of placing the ribs in the con- 
struction of a groined ceiling for plaster. 

Every pair of opposite piers is spanned 
by a principal rib to fix the joists of the 
ceiling to. 

2062. The preceding method is not 
always adopted, and another is sometimes 
un^ployed in which the diagonal ribs are 
filled in with short ribs of the same curva- 
ture (see fg, 707.) as those of the arches 
over the pktfX* 

2063. TOb manner of finding the sec- 
tion of aiiaperture of a given height cut- 
ting a givep arch at right angles of a 
greater height than the aperture is repre- 
sented In 708. 

2064. When the angle ribs for a square 

dome are to be found, the process is the 
same as for a groin formed by equal arches 
crossing each other at right angles, the 
joints for the laths being inserted as in ^ 

fig> 707, ; but the general construction for * ' > 

the angle ribs of a polygonal dome of any number of 
sides is the same as to determine the angle rih for a 
eove, which will afterwards be given. 

2065. When a circular-headed window is above the 
level of a plane gallery ofeiling, in a church for example, 
the cylindrical forxn of the window is continued till it 
intersects the plane of the ceiling. To find the form 
of the card or fiieces of wood employed for completing 
Uie arris, let dp {Jig, 709.) be the breadth of the window 
in the plane of the eeiling. Bisect dp in h, and draw A4 
perpendicular to dp. Make A4 equal to the distance the 
curb extends from the wall, Fr^uce 4A to B. Make 

T T 
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pMtsatthe^intslV^S. Throu^ the poinU^df»ir the lima «#,/•<,. <rir parallel to and 
through thrpoints 1. 2, 3 dmir the lines mg, nr. o$. Make Im, Sa, 3o mpectlvely enuaJ 
to ^ ey ; as also 1^, 2r, 3a equal to kt, 
lu, vw ; that is, e^ual to ke, //, tg. Then 
through the points dmnfA, and also 
through pqrs4y draw a curve which will 
form the curb retired. In the section X 
of the figure, AC shows the ceiling line, 
whereof the length is equal to A4, and 
AB is the perpendicular height of the 
window; hence BC is the slope. 

2066. The construction of a niche, 
which is a portion of a spherical surface, 
and stands on a plan formed by the seg- 
ment of a circle, is simple enough ; for 
the ribs of a niche are all of the same 
curvature as the plan, and fixed (jfig. 

710.) m planes passing through an axis 
corresponding to the centre of the sphere 
and perpendicular to the plane of the 
wall. If the plan of the niche be a 
semicircle (^g. 711.) the ribs may be disposed in vertical planes. 

2067. In the construction of a niche where the ribs are disposed in planes perpendicular 
to the horizon or plan, and perpendicular to the face of the wall, if the niches be spherical 
all their ribs are sections of the sphere, and are portions of the circumferences of different 
circles. If we complete the whole 
circle of the plan (^<7.7 1 2. ), and pro- 
duce the plan of any rib to the opposite 
side of the circumference, we shall 
liave the diameter of the circle for 
that rib, and, consequently, tlie radius 
to describe it 

2068. Of forming the hoard* to 

cover domes, groin*, ^c. The prin- 
ciples of determining the develope- 
ment of the surface of any regular 
solid have already been given in 
considerable detail. In this place we 
have to apply them practically to 
carpen^. The lioardi may be ap- 
plied either in the form of gores or in 
portions of conic surfaces ; the latter p,,, 7 ,*, 

is generally the more economical method. * ' 

206*9. To deeeribe a gore that ehall be the form of a hoard fo'* a dome circular on the plan. 
Draw the plan of the dome ABD (Jig, 713.), and its diameter BD and Ae a radius per- 
pendicular thereto. If the sections of the dome about to be described be semicircular, 
then the curve of the vertical section will coincide with that of the plan. Let us suppose 
the quadrant AB to be half of the vertical section, which may 
be conceived to be raised on the line Ae as its base, so as to be 
in a vertical plane, then the arc AB will come into the sur- 
fice of the donw. Make At* equal to half the width of a board 
and join ei. Divide the arc A B into any number of equal parts, 
and through the points of division draw the lines 1 », 2J, 3k, 41, 
cutting Ae in the points efgh and ei in the points iJkL Produce 
tlie line eA to i , and apply the arcs Al, 12, 23, 34 to Am, mo, oq 
in the straight line Ae. Through the points mnoq draw the 
straight lines tn, up, vr, and make mn, gp, gr, 0 $ also mt, ou, qv, 
respectively e(]ual to ei,fj, gk*, then through the points inpr to 
e, and also through the points xtuv to $, draw two curves from 
the points x and i so as to meet each other in s j and the curves 
thus drawn will include one of the gores of ^ dome, which will 
be a mould for drawing the boards for covering the surfooe. 

2070. In polygonal domes the curves of the gore will bound 
the ends of the boards ; as, for example, in the octagonal dome 
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(Jig, 714.), tiie pkn bting ABCDEFGH. I be the centre of the circle in whicli the 
octagon may be Inecrtbed. Draw the half diagonal i A, iB, tC perpendicular to any ude 
AB of the plan. Draw the atr^ht lino ih, cutting AB in A. Let MmZ be the outline oi 
one ef the riba of the dome, which la here supposed to be the quadrant of a circle. Divide 
the are AZ into any number of equal parts from A at the points Zmn, and through these 
points draw Ir, mg, ns, cutting Bi at the points jrye, and ih at the points 1 , 2, 3. Estend 
the area kit Im, ma, on the line An, from 
A to o, from c to p, from p to g, and 
throu^ the points opg draw the straight 
lines rutSPttw perpendicular to An. Make 
ou, pVt gWf as also or, p«, qt^ respectively 
equal to lar, 2y, 3a ; then through the 
points Arst draw a curve, and througti ^ 
the points uvw draw another curve, 
meeting the former one in the point n. 
llius will be formed the gore or cover- 
ing of one side of the octagonal dome. 

2071. When the plan of the base is 

a recUngle, as fig. 715., draw the plan 
ABCD and the diagonals AC and BD, 
cutting each other in E. Through E 
draw El perpendicular to AB cutting 
AB in F, and through E draw EJ per- pi«. 715 . 

pendicular to BC, cutting BC in G. I jet the height of the dome be equal to Imlf its 
breadth, and the section over the straight line E F a quadrant of a circle ; then from the 
centre E describe the arc FH, its base being EF, and with the straight line EG as hall 
the major axis of an ellipsis, and EF the minor axis, describe the quadrant GF of an ellipsis. 
Produce EF to I, and EG to J. Divide the arc of a quadrant FH from F into any 
number of equal parts, and extend the parts on the line FI to A/m, through which draw 
the lines kg^ Ir^ nUt &u. perpendicular to FI. Through the points 1,2, 3, See. draw tet, xk , 
yv, &c., cutting A£ at tr,x,y, and FE at /,«,». Make k'n', io\ m'p\ also Aq, /r, ms, respec- 
tively equal to tw, «ur, cy, and through the points n'oV draw a curve, also through the 
points gr$ draw another curve meeting the former in 1; then these two curves with tiie 
line AB will form the gore 
or boundary of the build- 
ing of two sides of the 
dome. Also in the ellip- 
tical arc GF, take any 
numlier of points 1, 2, 3, 
and draw the lines 1 w\ 

3y', parallel to BC, cutting 
EC in the points w'x'g\ 
and GE in the points 
t/. Extend the arcs Gl, 

1 2, 23 from GA', kT, l’m\ 
upon the straight line G J, 
and through the points 
h'Vm* draw the lines n'g\ 

p'a\ Make An', l'o\ 

wp', also Ay, tr\ m t ' respectively equal to n'x', ey', and through the points Bn Vp* 
liraw the curve BJ, and through the points CqVs' draw the curve CJ ; then BJ C will bi 
Che gore required, to which the boards for the other two sides of 
be dome must be formed. 

2072. A general method of describing the board or half gore 
»f any polvgonol or circular dome is shown in fig. 716. Let 
DE be half either of the breadth of a board or of one of the 
ides of a polygon, EF the perpendicular drawn from the centre. 

Oraw the stnught line AB parallel to EF, and draw EA and 
PB perpendiouutr to EF; then upon the biuie AB describe the 
ib AC of the vertical section of the dome. Divide the curve 
VC into the equidistant arcs Al, 12, 23, and through the points 
f division draw the Unea ly, 2A, 3t perpendicular to AB cutting 
' F at yAi and DF at A/m. Produce FE to V and extend the arcs 

12, 23 upon the straight line £V from £ successively to 
ke points opg. Ilurough the points cpg draw the lines or, pt, 

‘ parallel to ED. Make or, pt, ^ respectively equal to yA, 

, im } then through the points rtt draw a curve, and DEV will 
» the half arc or half mould of the boarding. 

T T 2 
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^07S. To coper a hemispherical dame by Itoarde moulded to portions of conic surfaces, Pr.m^ 
a vertical section of the dome ABC (Jiy, 717.) and divide the circumference into equal arcs 
Cd, dct ef Through the centre E draw EB perpendicular to AC. Draw the chords Crf, 
de, ef, and produce Si these chords till they meet the line EB, which they will produced in a 
convenient space; but those chorda that arc next to the bottom AC will require a distance 
too remote from AC ; and for the present conhning our attention to those chords which, when 
produced, would meet the line £B at a convenient distance from AC, let tf meet the ar.ii 
EB produced in g, and from the point g as a centre with the distances ge and y/descriue the 
arcs eh and ft. rheii efih is the form of the board, so that its breadth is 
everywhere comprehended between the two concentric circles eh and and 
when the boards are bent their edges fall on horizontal planes. 

2074. We will here shortly repeat a method which has previously been 
given of describing an arc of a circle independent of its centre, as connected 
with this part of the subject, and useful in cutting out the boards of a dome 
where the centre is inaccessible or too distant for convenience. Let AB 
{fig, 718.) be the chord of the arc and CD its height in the middle. In this 
case AB will be bisected at C by the perpendicular CD. Draw the half chord 
AD, and perpendicular thereto draw AE, and through the point D draw 
EF parallel to AB; also draw AG and BH perpendicular to the chord AB 
cutting EF in the points G and II. Divide AC and ED each into the same 
number of equal parts, and draw lines through the corresponding points of 
division; these lines will converge, and if produced with the lines EA and 
FB, would all meet in one point. Divide AG into the same number of 
e(|ual parts as the lines AC, ED, and from the points of division draw lines 
to the point D to intersect the former. A curve drawn through the points 
of intersection will form the arc of a circle. The other part DB is found in 
the same manner ; and this is a convenient method, because any portion of a 
circle may be described within the width of a board. 

2075. To the relation between the height and the chord of the arc. 

&c. (fig. 7l|Bpffe the middle points of the boards 
in the arc, atm from a draw a line parallel to the 
base to meet the opposite curve ; also from these 
points draw lines to the opposite extremity of the 
base ; then each parallel is the bMe, as fa, and the 
distances eg intersected betweea it, and the point 
w'here the oblique line from its in;tremity cuts the 
middle vertical is the height of tlf segment. 

2076. Tt is, however, more con^inient to describe 
the curvature of the board by a continued motion, 
which may be done as follows. Let AB {fig. 720.) 
l>e the chord of the arc. Bisect AB at C by the 
perpendicular CD, and make CD equal to the height 

of the segment Dniw DE parallel to AB, and make DE a little larger than 
AD; then form an instrument ADE with laths or slips of wood, and make it 
fast by a cross slip of wood GH. By moving the whole instrument, so that the 
two edges DA and DE may slide on two pins A and D, the angular point D of 
the instrument will describe the segment of a circle, and if the pin be taken out 
of A and put in the point B, the other portion DB of the segment ADB will be 
described in the same manner. 

2077. The covering of an elliptical 
dome is formed by considering each 
part a portion of the surface of a cone. 

ABC (^y. 721.) is a vertical section 
through the greater axis of the base ; 
the other vertical section through the 
axis at right angles being a semicircle ; 
the joints of the boards therefore fall in 
the circumference of vertical circles, 

2078. In the same manner the cover- J’Ik- 

ing of an annular vault whose section is semicircular is found, being on the same principles 
as now shown for a horizontal dome, which will be evident from an inspection of fig, 722. 
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BRACKETING. 

^79. The pieces of wood which sustain the laths of cornices, coves, and the like, «t 9 
enWoo brackets, and they take in form the general outlines as nearly as possible of the forms 
to which they arc to be finished 





2060. A corhkt track ft of any form being given^ to make another tfmUar one, or om ihed 


tkall have the eame proportions in all its parts. Let 
ABCDEF (Jig* 723.) be the given bracket. Draw 
line^ from the angular points CD£, and let A6 be the 
projection of the required bracket. The lines AC, AD, 
AE, being drawn, draw be parallel to the edge BC, cut- 
ting AC in c; draw cd parallel to CD, cutting AD 
in d. Draw de parallel to D£, cutting AE in e, and 
draw ef parallel to EF, cutting AF in /I Then Abcdef 
is the bracket required. 



2081. To foi'/n an angle bracket to support the plastering 
of a moulded comice. Let fig. 724. X be the plan of the 
bracket. Draw the straight line AE equal to the pro- 
jection ah of the bracket on the plan X, and Aa per- 
pendicular to AE, to which make it equal. Join Ea, 
and on AE describe the given form AFCIIIKLE of the 
bracket which stands perpendicular to the line of con- 
course of the wall and the ceiling. From the angular 
points FGHIKL, draw the lines Fa, G6, Ir, He, Kd, 
Ld, cutting AE in the points BCD, and aE in the points 
a, b,c. d. Draw af bg, ci, dk, perpendicular to aE. Make 
af. bg. ch, ci, dk, dl, each respectively equal to AF, BG. 
CIL* CI, DL, DK. Join fg, gh, hi. ik, kU IE. Tlicn 
afyhiklE is the angle bracket 
re(|uired. 

2082. An angle bracket 
for a cove (fig. 72.5. ) may lie 
described in exactly the same 
manner. 




2083. When cove brackets 
have different projections, the 

method of describing the angle one is shown \nfig. 726. Let 
AB. BC be the wall lines. Draw any line GD perpen- 
dicular to AB and HF perpendicular to BC. Make GD 
eipial to the projection of the bracket from the wall repre- 
sented by the line AB, and make HF equal to the pro- 
jection of the bracket from the wall represented by BC. 
Then, as one of the brackets must be given, we shall sup- 
pose the bracket GAD described upon GD. Draw DE 
parallel to AB, and FE parallel to BC, and join BE, In 
ihe curve AD take any number of points Q,'S,an{i draw QP, 
SR cutting GD in P, U and BE in p, r. Fn>ni the points 
p, r draw the lines pg, rs parallel to BCAutting HF in 
the points p, r. Draw pg, rs perpendicular^ BE. Make 
pg, rs also pg, rs respectively equal to PQ, US, &c. Ba 
and He equal to GA, then through the points ags, &c. 
draw a curve which forms the bracket for the angle. Also 
through the points C, g, s draw another curve, and this 
will form the cove bracket. 

2084. The angle bracket of a cornice or cove m.'iy be 
formed by the method shown in X and Y (fig. '27.), 
whether the angle of the room or apartment be acute or 
obtuse, external or internal. Let ABC be the angle. 
Bisect it by the line BE. Draw GF perpendicular to 
Be, and make GF equal to the projection of the bracket, 
GC equal to its height, and FC the curve of the given 
bracket or rib. In the curve FC, take any number of 
points PC^ and pHrallcl to BC draw the lines Pr, Q», cut- 
ting BE in the points r, «, and GF in the points R, S. 
Draw rp, eg perpendicular to BE, and make the ordinates 
fp, sg respectively equal to RP, SQ, and through all t\m 
points pg, draw a curve, which will be the bracket a> 
required. 

2085. When the angle is a right angle, it may be drawn 
IS at fig. 728., which is an ornamental bracket for the string 
>f a stair, and traced in the same manner as that on a rigbt- 
ingled triangle. 




Fig Ttr 
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S086. In coved ceilings, the coves meeting at an angle are of different breedthi, and the 
plan of the angle is a curve to construct the brackets. Let 
ABC {Jig, 729. ) represent the angle formed by the walls of the 
room, and let 'Qdefg be the plan of the bracket in the angle 
of a curvilinear form. Draw HM, and thereon describe the 
bracket HOPQ, intended for that side, and in the curve HOQ 
take any number of points NOP, and draw the lines-NR, OS, 

PT perpendicular to AB, cutting it in the points R, S,'T. 

Let MQ be the height of the'bracket, and draw QA perpendi- 
cular to BA, and through the points NOPQ, draw the straight 
lines Nd, Oe, ly, cutting HM at IKLM. Draw Am perpenai- 
cular to BC. Make Ar, As, At, ka respectively equal to HR, 

HS, HT, HA, and draw m, so, tp, aq perpendicular to BC; 
also from the points di>fg draw the lines dn, eo, fp, gq, and 
through the points Anopq draw a curve, which will form the 
other bracket required. 

2087. Whether brackets occur in external or internal angles 
the method of describing them is the same, and when the 
brackets from the two adjacent walls have the same projection, 
one of them must be given to find the angle l)racket When 
the brackets from these walls have unequal but given projections 
then the form of one of the brackets must be given in form to 
find the angle bracket. 

2088. To form a bracket for a moxdded comice. On the draw- 
ing of such cornice, draw straight lines, so as to leave sufficient 
thickness for the lath and plaster, which should in no case be 
less than three-fourths of an inch. ITius the general form of 
the bracketing will be obtained. 



Fig. :w. 



nOMES. 

2089. We have, in a foregone page, mentioned a method of constructing domes with 


ribs in thicknesses. We here present to 
the reader two designs for dome-framing, 
wherein there is a cavity of framed work 
between the inner and outer domes ; with 
moderate spans, however, simple framing 
is all that is required. Fig. 730. A is a 
design for a domical roof. B exhibits the 
method of framing the curb for it to 
stand upon, the section of the curb being 
shown upon fg. A. 'JThe design here 
given is nearly the same as that used for 
the dome of the Pantheon in Oxford 
Street, which was destroyed by fire. C is 
another design for a domical roof, which is 
narrow at the bottom part of the framing, 
for the purpose of gaining room within 
the dome. 

PENnXNTlVES. 

2090. If a hemisphere, or other portion 
of a sphere, be intersected (Jig. 731.) by 



ryUndrie.aI or cylindroidal arches, vaults 
aa are formed, which are called pendentives. 
The termination of these at top will be 
a circle, whereon may be placed a dome, 
or an upright drum story, which, if ne- 
cessary, may l>e terminated by a dome. 







carpentry. 
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The feeder will ImmetRetely perceire that many rarleUe* may be ftmned. Our object 
here ii merely to ehow how the carpenter is to proceed in making hia cradUng^ as it is 
called, whm penJenttees are to be formed in woo<L 



Wg. 7S*. Fjg. 733. 


2092. To find tht ipringing lines of the preceding pendtntices^ the section in one o f the vertu 
cal diagonal planes being given. Bisect the diagonal LK {fig, 733.) at the point N by the 
perpendicular NW, which make equal to the height of the cone, and draw the sides LW 
and KW, Bisect the side MK of the square at a, and on N, with the radius No, describe 
an arc oA, cutting the diagonal LK at A. Then take any points B, C, D, between A and 
K, and with the several radii NB, NC, ND, describe the arcs B6, Cc, and Dd, cutting 
KM at the points d, c, and h. From the points A, B, C, and D, draw AE, BF, CG, and 
DH perpendicular to the diagonal KL, cutting the side WK of the section of the cone at 
E, F, G, H. At the points abed erect perpendiculars or, hf eg, and dh to the side ML, 
making each equal to their corresponding distances AE, BF, CG, and DH, which will be 
one half of the curve for that side from which the other may be traced. The dark parts show 
the feet of the ribs. 

2093. Fig, 734. shows the method of 
coving a fufuare room with spherical penden- 
tives, which a few words will sufficiently 
describe. CD, DE are two sides of the plan; 

AFB is half the plan of the curb. In the 
elevation above is shown the method of fixing 
the ribs (which, in projection, are portions of 
ellipses) on two sides of the plan, ah is the 
elevation of the curb AFB; c/d and dge are 
ribs on each side of the plan supporting the 
vertical ribs that form the spherical surface, 
which vertical ribs support the curb etfb. On 
nfh may, if necessary, be placed a lantern or 
skylight ; or, if light be not wanted, a fiat 
ceiling or a dome may be placed. Tliis pen- 
dentive is to be finished with plaster ; hence 
the ribs must not be farther apart than about 
1 2 inches. 

2094. For finding {fig, 735.) the intersec- 

tion of the ribs of a spandrel dome, whose 
Motion is the segment of a circle, and whose 
plan b a square ABCD. Let DEFB be the fis* 

foerion on the plane of rile diagonal. First plan one quarter of the,rih8„as at UC, TN, 
BL, RI, and QG, laatbeing parallel to DC or AB, the sides of the square: on Y» 
*dth the radii VO, VI, VL, and VC, describe the arcs OPg, Iri, Non, &e. cut- 
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ting the base DB of the angular rib 
:n t, /, and a. Draw gky ik, loh and 
no, each perpendicular to DB, cutting 
the diagonal rib at A, kt ntj and o* Then 
making the distances GH, IK, LM, 
and NO equal to the corresponding 
distances gh, tk, /m, and no, through 
the points H, K, M, O draw a curve 
which will be the under edge of that 
for the bottom of the ribs QG, RI, 
SL, TN, and UC, shown complete on 
each side of the square plan. If each 
of the circular segments on each side 
of the square plan be turned up at 
right angles to the plan A BCD, the 
ribs will then stand in their true 
position. 


2095. We shall in this work confine 
oiii selves to the simplest forms of tim- 
ber bridges, which, as well as those of 



Fig. 735. 


Btone, will be found fully treated of in the Encgchpadia of Engineering^ by Mr. Creay, 
which forms one of the series. As they mostly depend on the principle of the truss, where 
the span is large, and this combination of timbers we have already explained ; so in stona 
bridges the principle of construction of the arch is the chief matter for consideration, and 
to that a large portion of this work has been devoted ; hence, on the part of the architect, 
we do not resign his pretension to employment in such works, for which, indeed, as respects 
design, his general education fits him better than that of the engineer. 

2096. Tlie bridge over the Brenta, near Bassano, by Palladio, is an example of a wooden 
bridge (fg, 736.), which is not only elegant as a composition, but one which is economical 



Fig. 736. 

and might be employed with advantage where it is desirable that the piers should occupy 
a small space, and the river is not subject to great floods. The same great architect, in his 
celebrated Treatise on Architecture, has given several designs for timber bridges, the princi* 
pies of whose construction have only been carried out further in many modern instances 
He was the earliest to adopt a species 
of construction by which numerous piers 
were rendered unnecessary, and thus to 
avoid the consequences of the shock of 
lieavy bodies against the piers in the 
time of floods. Of this sort was the 
bridge he threw over the rapid torrent 
of the Cisinone ifg. 737.) whose span 
was 108 feet. 

2097. PallaiUo lias given a design 
for a timlwr bridge (^fig. 738.) which is 
remarkable as having been the earliest 
that has come to our knowledge, wherein 
the arrangement is in what may be 
called framed voussoirs, like the arch 
•tones of a bridge, a principle in later 
days carried out to a great extent, and 
with success, in iron as well as timber 
bridges. 
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SOdB. We ftball conclude our section on practical carpentry with a method of con- 
structing timber bridges 
diMsimilar in principle to 
bridge (Jig. 739.) is sup- 
, posed to consist of two 
principal ribs ik. The 
width of the place is 
spanned at once by an 
arch rising one sixth part 
of its extent. Its curve 
is divided into five parts, 

« which,” says Price, “ I 
purpose to be of good sca- 
lon^ English oak plank, 
of 3 inches thick and 12 
broad. Their joint or 
meeting tends to the centre 
of the arch. Within this 
rib is another, cut out of 
plank as before, of 3 
inches thick and 9 broad, 
in such sort as to break 
the joints of the other. 

In each of these ribs are 
made four mortices, of 4 
inches broad and 3 high, 
and in the middle of the 
laid 9-inch plank. These 
mortices are best set out 
divided and adjusted. Lastly, put each principal rib up in its place, driving loose ke>s 
into some of the mortices to hold the said two tliicknesses together ; while other help is 
ready to dri\e in the joists, which should have a shoulder inward, and a mortice in them 
outward ; through which keys being drove keep the whole together. On these joists lay 
your planks, gravel, Kc. ; so is your bridge compleat, and suitable to a river, &c. of 36 feet 
vide.” 

2099. “In case the river, &c. be 40 or 50 feet wide, the stuff should be larger and more 
particularly framed, as is shown in part of the plan enlarged, as I. These planks ought to 
be 4 inches thick and 16 wide; mod the inner ones, that break the joints, 4 inches thick 
and 1 2 broad ; in each of thetit are six mortices, four of which are 4 inches wide and 2 
high ; through these are drove Which keep the ribs the better together; the other two 
mortices are 6 inches wide and 4 ^gh ; into these are framed the joists of 6 inches by 1 2 ; 
the tenons of these joists are morticed to receive the posts, which serve as keprs, as shown 
in the section K, and the small keys as in L ; all which ins)>ection will explam. Tliat of 
M is a method whereby to make a good butment in case the ground be nut solid, and is 
by driving two piles perpendicularly and two sloping, the heads of both being cut off so 
as to l)e embraced by the sill or resting plate, which will appear by the pricked lines 
drawn from the plan I and the letters of reference.” Price concludes; “ All that I con- 
ceive necessary to be siud further is, that the whole being performed without iron, it is 
therefore capable of being painted on every part, by which means the timber may be pre- 
served ; for though in some respects iron is indispensably necessary, yet, if in such cases 
where things are or may be oflen moved, the iron will rust and scale, so as that the parts 
will become loose in process of time, which, as I said before, if made of sound timber, will 
always keep tight and firm together. It may not be amiss to observe, that whereas some 
may imagine this arch of timber is liable to give way, when a weight comes on any par- 
ticular part, and rise where there is no weight, such objectors may be satisBed that no part 
ean yield or give way till the said six keys are broke short off at once, which no weight 
can possibly do.” 


proposed by Price in his IVeatiae on Carpenirg, an<| one not 
the method of Philibert de XiOrme, before mentioned. The 
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with a templet, on which the said mortices have been truly 


Sect. V. 

JOJKERT. 

ftOQ. Joinery is that part of the science of aroliitectute which oonsists in framing at 
togaiher wood frMr ilto external and internal finishings of houses, such as the linings 
of waUa and rou|^ dthbm the putting tc^ether of doors, windows, stairs, and the like. 
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H f^uires, thereibre, more accurate and nicer workmaAkhtp than carpentry, being of 
a decorative nature and near the eye. Hence the surfaces must be sm^h and nicely 
srrought, and the joints must be made with great precision. The smoothing of the wood 
is called planiny, and the wood used is called ttuff^ which consists of rectangular prisma 
roughly brought into shape by the saw, such prisms being called battens, boards, and plank% 
according to their breadth and thickness. 

2101 We shall give but a succinct account of the joiiier*s tools ; an ^quaintance with 
their h»rms and uses being sooner learnt by mere inspection over a joiner's bench than 
by the most elaborate description. 

TOOLS. 

2102. The first is the bench^ whose medium height is about 2 feet 8 inches, its length 
alxiut 10 or 12 feet, and its width about 2 feet 6 inches. One side is provided with k 
vertical board, called the aids hoards pierced with holes ranged at different heights in 
diagonal directions, which admit of pins for holding up the object to be planed, which is 
(supported at the other end of it by a icrew and screw cheeky together called the bench tcreWf 
acting like a vice. The planet used by the joiner are the jack plane, which is used for 
taking off the roughest and most prominent parts of the stuff, and reducing it nearly to its 
intended form. Its ttock, that is, the wooden part, is about 1 7 inches long, 3 inches high, 
and 3^ inches broad. The trying plane, whose use is nearly the same as that last descril>ed, 
but used after it, the operation being performed with it by taking the shaving the whole 
length of the stuff, which is called trying up, whereas with the jack plane the workman 
stops at every arm’s length. The long plane, which is used when a piece of stuff is to lie 
tried up very straight. It is longer and broader than the trying plane, its length being 
26 inches, its breadth 3f inches, and depth 3| inches. The jointer, which is still longer, 
being 2 feet 6 inches long, and is principally used for obtaining very straight edges, an 
operation commonly called shooting. With this the shaving is taken the whole length in 
finishing the joint or edge. Tlie smoothing plane, which, as its name imports, is the last 
employed for giving the utmost degree of smoothness to the surface of the wood, and is 
chiefly used for cleaning off hnished work. It is only 7| inches long. 3 inches broad, and 
2^ inches in depth. Ibe foregoing are technically called bench plants. 

2103. The compass plane which in size and shape is similar to the smoothing plane, 
except that its under surface or sole is convex, its use being to form a concave cylindrical 
burface. Compass planes are therefore of various sizes as occasion may require. The 
forkstaff plane resembles the smootliing plane in size and shape, except that the sole is part 
of a concave cylindric surface, whose axis is parallel to the length of the plane. The form 
is obviously connected with its application, and, like the last named, it is of course of 
various sizes. The straight Hock is employed for shooting short joints and mitres, instead 
of the jointer, which would be unwieldy : its length is 1 2 inches, its breadth inches, 
and depth 2] inches. 

2104. Tliere is a species of planes called rebate planes, the first whereof is simply calleif 
the rebate pbine, lieing, as its name imports, chiefly used for making rebates, which ar^* 
receding planes formed for the reception of some other board or body, so that its edge may 
coincide with that side of the rebate next to the edge of the rebated piece. The length of 
the rebate plane is about 9^ inches, its depth about 3^ inches, and its thickness vanes ac- 
cording to the width of the rebate to be made, say from 1 j to ^ inch. Rebate planes vary 
from bench planes in having no tote or handle rising out of the stock, and from their 
having no oriflee for the discharge of the shavings, which are discharged on one side or 
other according to the use of the plane. Of the sinking rebating planes there are two 
sorts, the moving JUlister and the sash fillister, whereof, referring the reader to the too^ 
itself a sight of which he can have no difficulty in procuring, the first is for sinking th^ 
edge of the stuff next to the workman, and the other for sinking the opposite edge, whence 
it is manifest that these planes have their cutting edges on the under side. Without 
enumerating many other sorts which are in use, we shall mention merely the plough, a 
plane used for sinking a cavity in a surface not close to the edge of it, so as to leave aq 
excavation or hollow, consisting of three straight surfaces forming two internal righ^ 
angles with each other, and the two vertical sides taro external right angles with the Upper 
•ufface of the stuff. The channel thus cut is called a groove, and the operation is called 
grooving or plowing. This species will vary according to the width from the edge ; but it 
IS generally about 7} inches long, 3} inches deep. 

2105. Moulding planet are for forming ihouidings, which, of course, will vary according 
to the designs of the architect. They are generally about 9f inches long, and 3| inches 
deep. When mouldings are very complex, they ate generally wrought by hand j but when 
a plane is formed for them they are said to be stuck, and tlte operat^ is called sHeHng,. 

2106. The bead plane is used very frequently in joinery, its use being for sticking 
mnuldings whose sectfon is semictrculerj when tfie bind stuck qp |be epge of.p piepp 
of stuff to fonn a semi-cylindfk surface to the whole thickness, the edge it said to be 
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beaded or rounded. When a bead U stuck so that it does not on th^ section merely fail in 
with its square returns, but leaves a space thus, between the junctions at the 

sides, it is said to be qvirked. The beads or planes vary from very small sizes up to the 
I inch and { bead. Tliey may however be larger, and are sometimes stuck double and 
triple. The MnipebiH plane is one for forming the quirkf whereof we have spoken ; but we 
do not think a detailed description of it necessary, more than we do of those which are 
made for striking hollowt and rounds, 

2107. The itock and hit is the next tool to be mentioned. Its use is for boring wood, 
and the iron, which varies as the size of the bore required, is made in a curve on its edge of 
contrary flexure so as to discharge the wood taken out. It fits into what is called the stock, 
which has a double curved arm working on spindles, the end opposite to the bit being 
pressed by the body, whose weight against the whole instrument is the power whereby 
tile operation is performed. The bit is also called a /nn, or qonge bit. It is an important 
tool, and much used. (See Aiiosa in Glossary.) 

2108. Countersinks are bits for widening the upper part of a hole in wood or iron for 
the head of a screw or pin, and are formed with a conical head. Rimers are bits for widen- 
ing holes, and are of pyramidal form whose vertical angle is about .Sj degrees. The hob: 
is first pierced by means of a drill or punch, and the rimer then cuts or scrapes off the in- 
terior surface of the hole, as it sinks downwards, by pressing on the head of the stock. 
According to the metal on which they are to be used they are diflerently formed. 

2109. The taper shell hit is conical both within and without. Its horizontal section is a 
crescent, the cutting edge being the meeting of the interior and exterior conic surfaces. Its 
use is for widening holes in wood. Besides the above bits, there are some which are pro- 
vided with a screw-driver for sinking small screws into wood with more rapidity than the 
unassisted hand will accomplish. 

2110. The brad awh the amalleet boring tool, the gimleit and the screw driver^nre so well 
known, that it would be waste of t»pai'e to do more than mentiop them, the commonetc of 
instruments in the science of construction. 

2111. The variety of chisels is great. They are well known to be edge tools for cutting 
wood by pressure on it, or by percussion with a mallet on its handle, 'llie Jirmer chisel is 
a tool used by the carpenter as well as the joiner for cutting away superfluous wood by 
thin chips. Those are best which are made of cast steel. If much superfluous wood is to 
l>e cut away, a strong chisel, with an iron back and steel face, is first used with the aid of 
<he mallet, and then a slighter one with a very fine edge. The first is the /irmer first 
mentioned, and the last is called a paring chisel, in the use whereof the force employed 
is from the shoulder or hand. 

21 1 2. Tlie mortice chisel, whose use is for cutting out rectangular prismatic cavities in 
stuff is made of considerable strength. The cavity it so cuts out is called a mortice, and 
the piece which fits into it a tenon, whence the name of the tool. Tliis chisel is one acted - 
on only by the percussion of the mallet. 

2113. The gouge is used for cutting concave forms in stuff. It is, in fact, a chisel 
whose iron is convex. 

2114. The droiptnp is an oblique-ended chisel, or old knife, for drawing in the 
ends of tenons by making a deep incision with the sharp edge, guided by that of the tongue 
of a square, for which purpose a small part is cut out in the form of a triangular prism. 
The use of this excavation is to enter the saw and keep it close to the shoulder, and thus 
make the end of the rail quite smooth, for by this means the saw will not get out of its 
course. 

21 1 5. Inhere are many species of the saw, which is a thin plate of steel, whose edge is in- 
dented with teeth for cutting by reciprocally changing the direction of its motion. The 
varieties are — the ripping saw, which is usea for dividing or splitting wood in the direction 
of the fibres ; its teeth are large, the measure being usually to the number of eight in 
S inches, such teeth standing perpendicularly to the line which ranges with the |)oints : 
the length of the piaU or blade of this saw is about 28 inches. The half ripprr is used 
also for dividing wood in the direction of the fibres ; the plate of this saw is as long as of 
that last described, but it has only three teeth in an inch. The hand saw, whose plate is 
26 inches long, contains fifteen teeth in 4 inch^ ; it is used for cron cutting, as in tlie direc- 
tion of the fibres; for which purposes the teeth recline more than in the two former saws. 
The panel saw has about six teeth in an inch, the length of its plate being the same as the 
last ; but in this and the hand saw thinner than in the ripping saw : it is used for cutting 
very thin wood, either with or across the fibres. The tenim saw is most used tor cutting 
wood transverse to the fibres, as the shoulders of tepons. The plate of a tenon saw is from 
14 to 19 inches long, having eight to ten teeth in an inch. This saw not being intended to 
cut through the whole breadth of the wood, and the plate being too thin to make a 
freight ker^ or to keel) it ftom buckling, it has a thick piece of iron fixed on the e'ige 
oj^posite to the teeth* oalted the book. From the opening^ for the fingers through tlie 
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handle of this and the foregoing saws being enclosed all round, it is called a double handln. 
The Mfuh saw is used for forming the tenons of sashes ; its plate is 1 1 inches in length, having 
aiiout thirteen teeth to the inch. It is sometimes backed with iron, but more frequently 
with brass. The dovetail saw is used for cutting the dovetails of drawers and the like i its 
plate is backed with brass, it contains fifteen teeth in about one inch, and is about 9 inches 
long. The handles of this and the last saw are only single. The compass sawt for cutting 
wood into curved surfaces, is narrow, thicker on the cutting edge as the teeth have no set, 
and is without a back ; the plate, near the handle, is about an inch broad, and about a 
quarter of an inch at the other extremity, having about five teeth to the inch ; the handle 
is single. The heyholct or twming saw^ in its plate resembles the compass saw, but the 
handle is long, and perforated from end to end for inserting the plate at any distance with* 
in the handle ; there is a pad in the lower part of the handle, through which is inserted 
a screw for fastening the plate therein. As its name implies, it is used for turning ouf 
cjiiick curves, as keyholes, and is therefore frequently called a keyhole saw. 

2116. The teeth of all saws, except turning and keyhole saws, are bent alternately on 

the contrary |||les of the plate, so that all the teeth on the same side are alike bent through- 
out the lengdKif the plate, for the purposes of clearing the sides of the cut made in ths 
wood by it. ® great importance in every case where wood is to be 

divided, for by its miins it can be divided into slips or scantlings with no more waste than 
a small slice of the wood, whose breadth is equal to the depth of the piece to be cut 
through, and the thickness of it equal to no more than the distance of the teeth between 
their extreme points on the alternate sides of the saw measured on a line perpendicular to 
them ; whereas, by any other means, such as the axe for instance, large pieces of timber 
could only be reduced in size by cutting away the superfluous stuff, which would be no lest 
a waste of labour than of the material used ; and even then it would have to be reduced 
to a plane surface. 

2117. Joiners use the katchett which is a small axe, for cutting away the superfluous 
wood from the edge of a piece of stuff w'hen the part to be cut away is too small to be 
sawed. 

2118. 'fhe square consists of two rectangular prismatic pieces of wood, or one of wood, 
and the other, which is the thinnest, of metal, fixed together, each at one of their extremi- 
ties, so as to form a right angle both internally and externally ; the interior right angle is 
therefore called the inner square, and the exterior one the outer square. Sfjuares are, for 
different applications, made of different dimensions. Some are employed in trying up 
wood, and some for setting out work ; the former is called a trying square, and the latter a 
setting out square. To prove a square it is only necessary to reverse the blade after having 
drawn a line on the surface to which it is applied : if the line of the blade on reversal 
do not coincide with that first drawn, the square is incorrect. 

2119. The bevel consists, like the square, of a blade and handle; but the tongue is 
moveable on a joint, so that it may be set to any angle. When it is required to try up 
many pieces of stuff to a particular angle, an immoveable bevel ought to l>e made for the 
purpose ; for unless very great care be taken in laying down the moveable bevel, it will be 
likely to shift. 

21 20. The gau^e is an instrument used for drawing or marking a line on a piece of stuff 
to a width parallel to the edge. It consists generally of a square piece wdth a mortice in it, 
through which runs a sliding bar at right angles, called the stem, furnished with a sharp 
point or tooth at one extremity, projecting a little from the surface ; so that when the side 
9f the gauge next to the end which has the point is applied upon the vertical surface of 
the wood, with the toothed side of the stem upon the horizontal surface, and pushed and 
drawn alternately by the workman from and towards him, the tooth makes an incision from 
the surface into the wood at a parallel distance from the upper edge of the vertical side on 
the right hand, 'fhis line marks precisely the intersection of the plane which divides the 
iijperfluouH stuff from that which is to be used. When it is required to cut a mortice in a 
piece of wood, the gauge has two teeth in it, and is called a mortice gauge^ one tooth being 
stationary at the end of the stem, and the other moveable in a mortice between the fixed 
tooth and the head ; so that the distances of the teeth from each other, and of each from the 
head, may be set at pleasure, as the thickness of the tenon may require. 

2121. The suU luiok is a rectangular prismatic piece of wood, with a projecting knob 
St the ends of its opposite sides. The use of the side hook is to hold a board fast, its fibres 
being in the direction of the length of the bench, while the workman is cutting across the 
fibres with a saw or grooving plane, or in traversing the wood, which is planing it in a 
direction perpendicular to the fibres. 

2122. The mitre box consbts of three boards, two, called the sides, being fixed at right 
angles to a third, called the liottom. The bottom and top of the sides are parallel ; the 
sides of equal height, and cut with a saw in two directions of straight surtam at right 
angles to each other and to the i^tonv fi^rming an angle of 45 degrees with the sides, 
llie mitre box is used finr cutting « piee« of tried up stufiT to an angle of 45 degrees with two 
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of its surfaces ; or at least in one of the arrisses, and perpendicular to the other two sides, 
Of at least to one of them, obliquely to the fibres. 

21*23. The utraight edgt is a slip of wood made perfectly straight on the edge, in order to 
make other edges straight, or to plane the face of a board straight. It is made of different 
lengths, according to the required magnitude of the work. Its use is obvious, as its appli- 
lation will show whether there is a coincidence between the straight edge and the surface 
lo which it is applied. When joiners wish to ascertain whether the whole aurfisce of a 
piece of wood lies in the same plane, they use two slips, each straightened on one edge, with 
the opposite edge parallel, and both pieces of the same breadth between the parallel edges ; 
whence each piece has two straight edges or two parallel planes. To find, therefore, 
whether a board is twisted, one of the slips is placed across one end and the other across 
the other and of the board, with one of the straight edges of each upon the surface. Tlie 
joiner then looks in a longitudinal direction over the upper edges of the two slipt*, until his 
eye and the said two edges are in one plane ; or otherwise the intersection of the plane 
passing through the eye and the upper edge of the nearest slip will intersect the upper edge 
of the farthest slip. If it happen as in the former case, the ends of the wood under the 
slips are in the same plane ; but should it happen as in the latter, they are not. In the 
last case, the surface is said to wind ; and when the surface is so reduced as for every two 
lines to be in one plane, it is said to be out of winding^ which is the same as to say it is a 
perfect plane. From the use of these slips, they are denominated winding sticks. 

2124. The mitre square^ an instrument so called because it bisects the riglit angle or 
mitres the square, is an immoveable bevel, for the purpose of striking an angle of 4.3 degree* 
with one side or edge of a piece of stuff upon the adjoining side or edge of the said piece 
of stuff. It consists of a broad thin board, let or tongued into a piece on the edge calle4 
the fence or handle, which projects equally on each side of the blade, whereof one of the 
edges is made to contain an angle of 45 degrees with the nearest edge of the handle, or of 
that in which the blade is inserted. Tlic inside of the handle is called the guide, 'i'he 
handle ma^ l>e about an inch thick, 2 inches broad ; the blade about y*. to \ of an inch thick, 
and about 7 or eiglit inches broad. The arris of a piece of stuff is the edge formed by 
two plane.s. 


MACHINEKV. 

2124a. In many of the operations of the joiner, where numerous copies of the same 
thing have to be produced, accuracy is ensured by introducing the principle of the guides 
either to direct the tool over the work, or the work over the took The mitre 6o.ir, 
shoot blocks^ and tiie various kinds of fences and stopSf are examples. The principle of the 
guide is also applied to simple sawing and planing, and to grooving, tonguing, morticing, 
tenoning, and shaping, llie circular saw was introduced al>out the end of the last century 
into England, and attempts to construct a planing machine were made about 1776' and 1791 
(G. L. Molesworth, On the Conversion of ffoodby Machinery y read at the Institute of Civil 
Engineers, November 17, 1857). When Sir S. Bentham was in Russia previous to 1790, 
he had made considerable progress in contriving machinery for shaping wood, such as all 
the parts of a highly finished sash window ; another for preparing all the parts of a wheel, 
so that the joiner or wheelwright in that case had only to put the several pieces together. 
In 1802 Bramah patented machinery for prv^ducing straight, parallel, and curvilinear sur> 
faces on wood. In 1807 Brunefs famous block machinery was set in motion in Ports- 
mouth dockyard. Thomson’s machinery for sawing, gauging, grooving, and tonguing 
floor boards was in operation in 1826 ; and, in 1827, Muir of Glasgow patented a machine 
for working floor boards, which has since served as a model for others. This machine has 
approaelted perfection in that of MacDowall of Johnstone. A rack circular saw bench, 
for round or square timber, quickly converts a log or balk into square timber. 

21246. For the ordinal y workshop, where the trade is limited and much varied, the 
simpler American machines are more suitable. The saw Inmch occupies little space and 
can be applied in plain and bevel sawing, and ripping, mitring, tenoning, rebating, &c. It 
is only 3 feet 2 inches long. 2 feet 2 inches wide, and 3 feet 6^ inches high ; the saw is 
8 inches in diameter and makes 15^ revolutions for each turn of the handle. A crank 
may be acted on by a treadle when the stuff is thin, but in ordinary cases the machine 
requires two operators. We cannot satisfiictoril\ describe the details, without illustrations, 
of the many operations which this handy bench aids in performing with accuracy and 
dispatch. In Furness's patent wood working machine for planing, moulding, morticing, 
sawing, squaring, tenoning, boring, rebating, and grooving, the stuff is operated upon by 
cutters, held by horieontal arms fixed to a vertical shaft, in which it resembles the Bramah's 
machine of 180^, but it is much simpler and less expensive. Worssam's “ general joiner ” 
for the same purposes will, it is said, with a 2 horse- power, do the work of at least fifteen 
skilled joiners. Perin*s patent French band saw Idados ire made from of an inch to 
0 inches in width and up to 50 feet in lengths . 

2124e. In machines with revolving cutters the generab opiidon is, that the greater the 
Ipoed of the eottiiig tool the better will be the qu^ty of, the work. The practical limit. 
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h ow» f » mfipean to be between «,S00 and .$,500 revolutions per minute. A h%her 
veloeity beats the bearings, destroys the balance, and causes injurious vibrations To pro- 
duce a good re^ult the travel of the work should be very slow relatively to the travel of the 
euttefs. In some of the planing machines the cutters revolve with a velocity of 7,000 
<eet per minute, while the work advances at the rate of only 30 feet, but as a genial rule 
the arork travels about jV** t»troke of the cutters. To withstand 

this high velocity the framing of the machine requires to be perfectly constructed, 
the bearings made of a hard alloy , and precautions taken for obviating the wear of them. 
Hewlands* work gives illustrations and detailed descriptions of some of the machinery. 

SlStd. Mention mnst be made of Jordan’s patent wood and stone carving machine, invented about 
184$, and worked by Pratt in 184$ to 18fi0 on a large scale. It roughed out the muteriel aooonUng to 
the deeign, leaving but little labour to be received from the hands of the oarrer Moulded work has also 
been obt^ed by applying red-hot Iron moulds to the wood, and so charring off the superfluous wood. 
This system is probably cheap, but the work is flat and splrlrless. Carved panels for doors, consisting of 
k thin veneer of wood on a layer of pulp, the whole pressed m moulds, is put forward by the Decorative 
Wood Company, and has a good appearanoe. 

2124e The introduction from New York, Sweden, and other places, of prepared flooring, ready-made 
doors and machine worked mouldings, out of well seasoned pine, is of great advantage for cheap houses 
in the neighbourhood of large centres of t>opulation. 

2125. In joiners* work executed during the I3th, 14th, and 1 5th centuries, the wood has 
neither warped, split, nor shrunk in the tenons and at other joints. This excellence is 
ascrilied to the practice of seasoning the wood for at least six years after it was sawn, by 
first leaving it in damp places or even in water, and then stacking it in open piles under 
cover, when it was often turned and sometimes smoked ; after such treatment the wood, 
when worked, has a tendency to acquire the appearance of Florentine bronze. 

2125a. As very old timber is likely to show shakes ana to be worni*eaien, the mediaeval 
joiners felled oak from two to three hundred years old ; i.e , timber which, at a yard from 

the ground, measured from 66 or 72 to 120 or 126 
inches in girt without the albumen, and commenced 
its conversion by marking it with one diameter cross- 
ing another at right angles. The cuts on these lines 
liaving been made, the quarters were sawn in vari- 
ous ways, regard licing had, as much as possible, 
to the texture of the wood. An unseasoned log of 
oak splits as shown at A 7S9a. because the inner 
concentric circles are harder and more compact than 
the outei^ ones ; therefore the latter, being the most 
extensive in surface as well as the most porous, con- 
tain a greater quantity of moisture, and shrink more 
than the inner ones in drying, thus causing splits or 
shakes leading to the centre. If timber be converted 
without regard to this result of dryness, the stuff will 
not only split, hut will lie so affected by changes of 
weather as to twist If the cuts he made in lines 
eonverging, or even tending to the centre, the stuff may shrink in width but will neither 
split nor warp. Although oak is formed like other exogenous trees by a succession of 
layers, these are united and solidified in this particular wood by the medullary rays which 
form a sort of natural dowel. 

2 1 255, The best method of converting osA for the use of the joiner is shown at 6,/p. 7S9a.« 
in which there is no waste, as the triangular portions form feather -edged laths for tiling 
tnd other purposes. The next best method is that at C; that at D is inferior ; but the 
most economical method, where thickness is required, as for planks or for moulded work, 
is that marked E. The reaemblsmce to a watered silk, which is sometimes ealM tits 
feather, or flower, or curl, or pattern, of wiunscot, is due to the medullary rays, which 
show most wlien the saw follows the chink-grain as in B ; in C and D the silky appear- 
ance does not exist, as most of the rays are cut across ; very slight examination will show 
which course has been followed, espe^ly in the case of the quarter-grain stiiiT produced 
by the method £. It is prcfoable that the cross-cuts will follow the line of a b^cr, p cll yf l 
.the felt-grain, in the plan marked B, which is that adopted in Holland on ^tmUer fomiibed 
in great part from Champame (whence* nmply, the superiority of iDutcb wainsftol)^ ftnd 
in all oases of split oak for tatbingknd for park paling. (VioUet-le*Duc). 

2125c The wood pnacipally used ^ joinery is of three smts, pine, and uMlft fltid 
jrellow deal ; the t#D Aist for psoelUi^ odd the last fbr foambg. Of late y««i« snocfi 
American wood kos been usud, Mb m 1%^ o^ Aames. It worics easily, is stdk A’ee 
from knots, but more kaUe t«ilte detf But Joinery U hot of course limiM 

,to the useofa panioular tlii^fkMterouts a fog, theflnt thing Am U 
,M^oiMrgoodde4onpai#iit Ih# ma^tthe residue is then coimrtedto^ 

supply other iiarketi. Ifahy AkAk B ' hsedkif thick ore sent to France, perhaps as kige a 
.proportlgaai ^ pot of so gooda t^rlpZn M 
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Th« (bUoirliig are the mote which have been and are at present practised to 
obtain deals for both n.arkets. In 7396 (the mode practised until the French market 
improved)* are obtained an Eng- ^ 

Ibii deal, A, 9 in. by 3 in , and ^ 1111111*11% . 

two battens, B, 7 in. by 2^ in.^ din « 0 

making 62 feet superflcial. In Jp e " 1% #ry ■ ^ 'T *~[m 

739c., the old m<Kie of cutting, b -i* . ^ y B I n 

gave two English deals* C, 9 in. — tJB M [<• m H 

by 2i in., and two English bat- "JJjr ^ 7 r — 

tens, D, 7 in. by 2^ in., making 
80 feet superftciaL In 739d,, the 

present mode of cutting, gives two ^ 

English deals, E, 9 in. by 3 in., and two French deals, F, 9 in. by 1| in., making 766 
feet superficial. This communication has been obligingly furnished by Mr. T. A, Britton, 
as obtained at the Docks. 

2125d. Glue is u material extensively used in joinery ; see Glossaet. 

MOULDINGS. 

2 1 26. When tlie edge of a piece of wood is reduced to a cy lindrical form, it is said to be 
rounded^ which is the simplest kind of moulded work. {Fig, 740.) When a portion of the 
erris is made semicylindrical, so that the surface of the cylindrical part is flush both with 
the face and the edge of the wood, with a groove or sinking made in the face only, the 
cylindrical part is called a bead, and the sinking a quirk ; the whole combination 0^p. '741.) 
being culled a quirked bead, 

2127. If a quirk is also formed on the other or returning face, so as to make the rounded 
part at the angle three fourths of a cylinder, the moulding (see/^. 742.) is called a bead 
and double qutrk. 


0 Q f? fl [] 


Ilf. 740 . Flf. 74 t. 


fif. 743 . rtf- 743 . 


2128. If two semicylindrical mouldings both rise from a plane parallel to the face, and 
one comes close to the edge of the piece and the other has a quirk on the further side, and 
its surface flush with the face of the wood, as in fig. 743., the cumbi nation is called a double 
bead or double bead and quirky wherein the bead next to the edge of the stuff is much smaller 
than the other. 

2129. Moulding are usually separated from one another, and oflen terminated by two 
narrow planes at right angles {fig, 744.) to each other : these are called fiUets, and show 
two sides of a rectangular prism. The different pieces of the combination of mouldings 
are called membere, A semicylindrical moulding, rising from* a plane parallel to the face, 
and terminated on the edge by a filiot {fig 745.), is c^led a torus. In the figure there are 
two semicylindrical mouldings, whence that is called a double torus. The reader must 
observe tlint the disrineticm between torus mouldings And beads in joinery Is, that the outer 
edge of the Ibrmer always terminates with a fillet, whether the torus be single or double; 
whereas a bead never has a fillet on the outer edge. A repetition of equal semicjlmdrical 
mouldings, springing firom e plane or cylindrical surface, is called reeds. In joinery, 

lha cisM raefloL and eima rtverea. are called respectively tlie ogee and ogee 


Ihe dma mfla, and tea reverea, are called respectively tlie ogee and ogee 

reveres^ The ev<do^, CO fi*ora its egg-like Ibnn, and the quarter rounds thfl 

fourth part of g eyiindridil surfkee, are the remaining of the principal mouldings used hi 
Joinery. When the Inargiil of any firaming terminates on the edges next to the panel, with 
«>ne or more mottldings, ^ieh both advance before and retire from the fisce of tlie framing 
to the panalte^ tita mouldings thus introduced are called boleetion tnouldings, Thehr 
comlteriou Isimowa ^irlher oil (See fig, 739.) Greek, Roman, and Italian mouldings 
lire ahumAiowii In and 2532. j and medhnvml mouldings am treated in Pealtice or 

AaruttUtenm 
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liefure ; those sre called frmmed and hdg^ door§> A door, properly made, b formed by 
-freming and fitting pieces of atuiT together tif the same thickness; those which are 
horisontal ijig. 746.) AAAA being calM raH and those which are vertical BBBB being 
called atz/as These form a skeleton into which jDanetM, usually of a less tbiekness* are 
fitted And this, indeed, is the general practice in all systems of Iratned Ji^ery. In 
doors the upper rads are called top raiU; the next in descending, /Wee# raik; 
the next, which are usually wider than the two first, are called the hKk ot 
middle rails ; and the lowest, from their situation, are called bottom raile. The 
stiles on the flanks are called outside stiles^ and th jse in the middle are called 
middle etike. The panels are also named from their situations on the door; 
thus CC, being the uppermost, are called /r«eze panek] the next DLl are 
called middle panok^ and £E bottom panels. The rails and stiles are welged 
together, being previously morticed and tenoned into each other. The student 
should, however, to obtain a dear comprehension of the method adoptt^d, see 
a door put together at the bench, 'fbe varieties and forms of doors are 
dependent upon the will of the architect, from whom the design of the whole emanates ; 
It will be, therefore, here sufficient to mention the three sorts, viz. the common door, just 
described ; the Jib door, which is made with the same finishings and appearance as the 
room in which it is placed, so as not to htive the appearance of a door; and, lastly , folding 
doors, which open from the centre of the doorway, and are used for making a wider com- 
munication between two apartments than a common door will permit, or, in other words, 
to lay two rooms into one, 

2130a, A patent so ftly and escape door, applicable for all positions has been produced td 
supply the demanAlDf tbe authorities that all dooisin public buildings be made to open 
outwards. ThisBwfention consists of a door within a door, one opening inward, the other 
outward ; the inSr door being so constructed that on a rush it yields to the pressure. 
Sufficient fittings are provided to afford secuiity as well. Messrs Clmbh base pioduced a 
door, having a superimposed spring panel on the inside of the door, in which the lock is 
embedded. While a smart knock, or even a slight pressure, on this panel causes the double 
doors to fly open outward, it is impossible to open the door from the outside without a key. 

2131. Though the panelling of framed work is generally sunk witnin the face of the 
framing, it is for outside work sometimes made flush. In the best flush woik, the panels 
are surrounded with a bead formed on the edge of the framing, and the work is called 
head andjlush. In the commoner kind of flush framing, the bead is run only on the two 
edges of the panel in the direction of the fibres, and is called bead and butt. 

2132. The different denominations of framed doors, according to their mouldings and 
panels and framed work in general, are shown in section of panel and frame. Fig. 747, 
represents the commonest door ; it is technically described, first mentioning the nuinhev 
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of panels intended in it, as a door square and flat panel both sides The nuipber of panels 
will not be repeated in the following explanations of the figures. (See Spfcipications.) 

2134. Fig. 748. represents the rail and panel of a door, with a quirked ovoio and a 
fillet on one side, but having no mouldings on the other. 'The panel flat on both sides, it 
is described as a door with quirked ovoio, fl^t and flat with square bach, 

2135. Fig. 749. only differs from the last in having a bead instead of a fillet, and is 
described as quirked ovoio, head and flat panel with square back. 

2136. Fig. 750., with an additional fillet on the framing, is descrilied as quirked ovoio, 
bead fillet and flat panel with equate hack. Tlie back, in the foregoing and following e nse*, 
is described as square, because of its having no mouldings on the framing, and of tbe panel 
being g etraigbt surface on one side of the door. 

213t« 751. the framing is formed with a quirked ogee, and a quirked bead op one 

side and square on the other, the surface of tbe pane) being straight on both sides, and tlie 
door is described as quirked ogee, quirked bead ai^ flai panel with square back, 

2138. Fig. *152. only differs from tlie last in the b^ being raised above the lower pai^ 
of the ogee and a fillet It is ^escribed as quirk^ ogee, cocked bead and flat panel wUh 
square baek. 




2142. In JIgi. 756. there^are more mouldings than in the list on the raised panel. It is 

described, quirked oqee, panel with ovolo and JiUet on the riting and astragal on the Jiat 

of panel in front and squaHit kuck, 

2143. iFY^. 757. i« described, quirked ovcloy head filet and flat panel on both sides. This 
description of doors is used where a handsome appearance is to be equally preserved 
on both sides of the door, as between rooms, or between halls or principal passages and 
rooms. 

2144. Fig, 758. is a combination used, as all bead butt end bead flush work is, where 
strength is required. 'ITie form here given is described, bead and flush front and quirked 
oycey raised panel with ovolo on the rising, grooved on flat panel on back. 

21 45. The series of mouldings are, as we have before mentioned, called Iwlection moulds 
mgs (^flg. 759. )♦ and are laid in after the door is framed square and put together. They 
project beyond tlie framing on each side. When bradded on through the sides of the 
luirks, the heads of the 

►rads will be entirely con- 
ealed ; but it is to be ob- 
erved that, in driving the / \ \ 

rads, they must not be / /l j 'I T r\ \ 
ireoted towards the panels, H I I I I I 
ut into the solid of the . 

llie form of those 

oleotion mouldings is of ~ L .I ,X- L 1. 
ourte varied according to “rT 'T' I "' I ' V" i 
>0 pleasure of the ai^hiteot I I M 
2145a. Msdi 0 val Doett, of I I M I I ^ 

simple sort, were foni^ ^ 

'plonks pUotd upright, grooved or feather-tongued gt the edgei» tad gcuerally secured 
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tiDgvdier by plain band-binges, or more or lees omssnente^. Or wit(i scroll work. These 
planks are further nailed to a skeleton lbitning« J59«. gives a sketch of the back 
of the door at Bidborough Church, Kent, with its plankiag at A 4 «nd B is a section ot 
thewne at Staplchurst Church, Kent; the place for the nails is only indicated. These 
examples #ere supplied to the Dietionary of Architecture bv professor Lewis.^ Larger 
doofo were made up of frames and rails, strutted or braced, OO the same principle as 
the modern ledged doors and coach-house gates. VioHet4e Ducfl DicHonnaire has many 
examples of this mode of framing, all the tupbera being stop-chatnferecl, and the planlu 
bolted through the braces. 

21456. The head of a door enriched with panelling: the door, with the planks carved 
srith panelling, running ornament, and niches with figures ; an early English door, with 

two foliated band hinges; of tbu 
aamo period with three hinges; 
of the decorated periods the 
panelled and enriched headed 
door at Holbeach Church, Lin* 
colnshire, of which the con- 
ics woh struction (a framing of square 

panels, A4>ia Shown \tifig, 7596., rising from a plain plank 14 J inches high ; with other 
examples, are all given in Brandon, Anaiyeie^ etc. together with one of the perpendicular 
period, wherein the face has panelled planks, and square panel framing at back. 

2145c. The framework is sometimes placed externally and ornamented, as in fig^ 759c., 
from the west door of the Church of San Pietro ; and^j^. 759d., from a door in a courtyard 
opposite that of Sta. Maria Antica, both at Verona. The sizes are 9^ inches and 12 
inches respectively, from centre to centre of panels. These 
cuts are taken from the plates of the Dictionary* The 
very elaborate moulded and 
carved door from the Norman 
portion (12th century) of the 
Palazzo Reale, at Palermo, is 
given in the illustrations of the 
Dictionary of Architecture^ from 
careful measurements by the 
late J. M. Lockyer. In the doors 
of cedar or deal, but covered 
with paint, at the chapels of St, 

Martin and St Giles at Notre 
Dame le Puy (cir. 1043-53.), 

6se subjects, inscriptions, and borders are all obtained simply by sinking the ground 
6-l6ths of an incli. Gates of the same description are said to exist in the churches of 



< > 
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I Ciiamalieres and Lavoute-Chilhac in tlie same dis- 
jtric t The wood doors, having iron plates beaten up 
JpB into a pattern secured with large brass nails, at 
Huesca Cathedral, date about 1400-1405, the 
era of the erection of the west entrance, ( Street . ) 


2146. Shuttercy which are the doors of window 
openings, are fiamed upon the same principles as 
doors themselves; but their backs are very often flush. 
In the better sort of buildings they are folded into 
recesses called boxingsy whereof we shall give a figure 
below as an example of the ordinary method ; but as 
the extent and different forms of windows var}^ the 
ingenuity of the architect will be often required to 
contrive his shutters within a very small space. Into 
minutue we cannot enter in a work of this nature $ 
however, in all their shapes, they are dependent on 
the leadi^ principles given. 

2147. J^g* 760 is a plan of the shutters, architrave, 
sash-frame, and part of the sash of common shutters. 
The cavity which forms the boxing into which the 
sashes fold is formed by the ground B (upon which 
the architrave A is nailed), the bach Uning F of the 
boxing, and the tneida lining Q of the sash-frame,, 
whereof H is the inMde bead, L is the emtiida Haing 
of the sesh-frame, M the book Unbag of it, and K the 
parting brnd, eo eiUed ftom pan|ug the upper 
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lower sash. The vacant space Jt between the pulley piece I and M, is i| avity wl^ich ctm- 
taina the weip^hts for balanol^the sashes f K sliows the plan of one of th to. The shuttcrsi 
when stretched out in"‘t|lieir dllrerent folds, are supposed to cover one of the window, 
another series being supposed to be placed on the other side of it. The/roat sdal/er CtJC 
is hung by hinges at m td ttie inside lining G of the sash>6raine. The inner shutters DDD 
and are called the tpcA^/h/ps, the former of which it hinged on to the front shutter at 
and the latter is binged on ^ JDCD at c. It will be immediately seen that ihese three 
will thus altoMther turn upon the hinges at a, and cover, in one straight line, from both 
aides, the whole of the light of the window. When the boies are scanty, the hinge, called 
a haekjhap hing€y may be placed m shown in X attached to the figiife. 

2148. In ordinanr cases, this example will sttadently exhibit the method to he adopted. 
When it is not applicable, 'the architect must apply himself to the work pro re wOdr 
whi^h, with very little attention, he Will not find insurmountable diflSculty. 

2148a. The boxlnge of a window are ftirther descrUled in the Glossary and Addendum. 
Besides the liflinff eki^tere commonly used in houses of a lower rate, which in their eon* 
stroction is simply a repetition of the sash-frame, we must notioo 
briefly the many revolving shutters for inside and outside pur* 
poses, whether of iron, steel, or wood, laths. Tlie latter were 
first made at Ipswich, some twenty years since, and were wound 
up and down by a winch and upright rod working a toothed 
wheel. Tliey were soon afterwards made of iron, also worked 
by machinery. Within the last few years, iheir great conve- 
nience has led to many improvements, and the greater use of 
wood 5 instead of machinery, counterbalance weights were in- 
troduced. Later, they were ** constructed of laths of wood 
rebated together, having numerous morticts, through which 
pass a series of tempered steel bands, causing the shutter to he 
self -coding Iron laths were also used. Lately, 

they « are made of steel, in one sheet, without 
either chains, links or rivets, or pins; the steel 
being corrugated transversely gives them the ap- 
pearance of laths, and enables them to be coiled 
into a small space.** We avail ourselves of some 
illustrations issued by Clark and Co., showing 
the adaptability of this shutter to various places, as wir- 
dows, shops, doors, fireplaces, &c. Fig, 760a. shows the head 
and foot of an ordinary house window. At A* it is fitted with 
the shutUr inside, ahd to pull down. At B, it is fitted also 
inside, and to lift up, the coil being placed in a boxing forming 
a step on the floor. When the position of the joists admit of 
80 doing, the coil may be placed tn the flooring, as at C ; and 
occasionally it may be more convenient to place it even undtr 
the ceiling, at D. Fig. 760b, is the plan of a window frame, 
showing the groove, a, for the shutter, which is 1 inch deep by 
Jths wide. 

21486. A great improvement in securing the common shop 
shutters without a shutter-bar is one of the early inventions 
introduced by Jennings; these shutter shoes are so much advertised with illustrations that 
blither notice of them herein is needless. 



Fig. 760i, 
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2149. A very essential consideration in the neatness and beauty of joiners* work, k tlie 
formation of the joints on which are placed the hinges of doors and shutters. 'JThey ought 
to be so continued as to preserve the uniformity of the door or shutter on both sides, and 
as much as possible to be close enough to exclude a rush of air between the edges of the 
bodies to be hinged together, which, in this cold climate, is essential. In these joints, both 
angles of one of the bodies is usually beaded, to conceal the open space, which would 
otherwise be seen ; and for preserving the appearance of the work, the hinges are made of 
such a curvature towards the eye, as to seem, when painted, a part oi the bead itself on 
that side where the knuckle is placed, so that when hung the whole may appear to be one 
bead. 

2150. The section of a door style, and part of the fumging 
style at the joUtt, are represented in A and B {Jig. 761.), 
wherein the centre of the bead on each side is in the line of 
the straight part of the joint fipom the opposite side. In this 
fl^e, C is the centre oif the bead, AG part of the joint in 
a line with its edge, Joiniiw AC, draw AB perpendicular 
thereto. The 6tber part BH is perpendicular to EF, which 

u u a 
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is tUo face of thi Ndoor or hanging atyle^ Tlib ia a joint suitable for many purposes, and 
may made vrit \common hinges. If erookedt it will assist in excluding tiie current of 
air, a point of no i \an importance. 

2151. In 76^* A and B exhibit u plane joint, beaded similarly on both sides. Itr 
this case, the plane of the joint is a tangent to the cylindrical surfaces of the two beads ; 
and as the margin on each side is alike, no check to the rush of cold air is afforded. The 
hinge, moreover, is such t^at it cannot be made in the usual maimer, but must be formed 
as at C. \ 



rig. 7651, Pig. 763. Fig. 764. 


2152. Fig. 763. A and B represent a hinging wherein the plane of the joint from- one 
side is directed to the axis of the bead on the other. The principle in it is the same ar 
that in Jig. 761., and it may therefore be hinged with common hinges, ns shown in C, in 
which the two parts are conjoined. The methods shown in this and Jig, 76 L are useful in 
cases wherein a part of tlic margin is concealed on one side of tlie door. 

215.3. FYp. 764. A and B exhibit the beads of similar size on eacli sidtf, and exactly 
opposite to each other, the joint being broken by indenting a part terminated by a plane 
directed to the axis of the two opposite beads. The hinges are re<| aired merely of the 
common form, the arrangement is strong, and the apartment rendered comfortable by their 
use. In C the parts are shown as hinged together. 

2154. In ^g, 765. the beads are on both sides, but not on the same piece, as in the last 
figure. The appearance is uniform, but the bead, which projects the whole of its thickness, 
Lr weakened. The junction is seen in the representation at C. 



2155. Fig, 766, is a method that has been adopted for concealing the hinges of sliutters. 
is the inner bead of the sashrframe, B tlic inside lining, C the style of the shutter. For 
the form of the joint, let «/ be the face of the shutter, perpendicular to ar the face of the 
inside lining. Let the angle / a r be bisected by the straight line aa, and in the centre 
take c. Draw dd perpendicular to aa, cutting it in r, which is the centre of the hinge. 
From c, as a centre, describe the arc aw, wliich must be hollowed out from the inside 


lining of the sash through the height of the shutter. In order to make room for the open- 
ing and shutting of the hinge, the internal right angle of the shutter must bo cut out of its 
edge to the breadth of the hinges. The tod* of th# hinge are here for the purpose of 
strengthening them, represented of dififerent lengths. 

2156. In Jig. 767. the hinges, which are for a door, are concealed, as the door allows it 
in the thickness of the wood, the ends of the hinges beit|g of equal lengths. 

2157. Fig. 768. shows the common method ^ “ 

of hingeiog shutters, a mode wherein the whole 
thickness of the hinge is let into the thickness 
of the shutter, the inside lining being assumed 
as too thin to afford sufficient bold for the 
A;rews employed to fasten them. 

2158. Fig. 769. exhibits the hanging of a 
door with the centres concealed. Let ad be 


the side of the jamb in contact with the edge of Tig. 769. 

the door ; bisect it in 5, and draw perpendicular to od, make Ic equal to ha or bd, and 
join ae and ed ; from c, as a centre, doseribe the arc aed, which will show the portion to 
be Imilowed out of the jamb. The centres are fixed to the upper and under parts of the 
door, and tlie former is to be so constructed as to allow its being taken out of the socket 
to unhang the door when required* 

2159* SImtten are usually bung in the way represented infy, 770., whetein the centre 
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of the knuckle of the hinge 
is exactly opposite to the 
perpendicular part of the 
rebate. The dotted lines ex- 
hibit the flap when folded 
back. 

2160. When the axis of 
the knuckle cannot be din- 



ri«. 770. 
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posed 80 as to fall opposite to the joint, the hinge is to be placed as shown in Jig, 

Thus, ah being the distance of the edge of the flap from that — 

of the shutter, bisect it in c, which will be the point opposite 

whereto the centre of the hinge is to be placed. Tliis ar- 

rangement is necessary, both when the shutters are not 

square at the ends, and when the boxing is restricted in 

space ; the principle being to place the centre of the knuckle m||3 

of the hinge at half the distance of the edge of the flap from 
the rebate on the edge of the shutter. In Jig. 772. the 
two parts are shown hinged together. 

2161. When a door has attached to it any projection, and, 


when open, it is requisite to bring it parallel to its place 
when shut, the knuckle of the hinge (^Jig. 77.3.) must project 
at least as far as the projection in question. An inspection 
of the diagiUm, wherein the dotted lines show the situation 
of the door when folded back, will sufliciently convey the 
mode of conducting this expedient. 

2162. Fig, 774. is the representation of what is called a 
rule Jointt which is used when the piece to be hung is not 
required to open to more than a right angle. In this case, 
the centre of the hinge is necessarily in the centre of the arc. 
In Jig, 775. the expedient shows the method turned to a 



right angle. 

2163. The various methods 
of hingeing to suit every pos- 
sible case would occupy a very 
large space, were we to enter 
into them ; and even afler 
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exhausting all the cases that we may have imagined, others would 
arise to which no example given might be applicable ; we there- 
fore leave this portion of the subject of joinery, under an impres- 
sion that the principles have been sufficiently developed to enable 
the student to pursue from them the application to any case that 
he may be called upon to put in practice. 


rig 773, 



rig. 770. 


SASH-FRAMES AND SASHES. 

2164. In Jig. 760. the connection between the shutters and sash-frame has been fully 
explained ; we may now, therefore, proceed to the detail of a common sash-frame with 
its sashes, supposing them to be hung so as to be balanced by weights, suspended by sash- 
lines running over pulleys, capable of balancing those of the sashes themselves. On the 
casd of French eaihes, which open like doors, we do not think if necessary to dilate. 
They are, in fact, nothing more than glased doors ; and the principal object for attainment 
in their construction, is to prevent the rain from penetrating into the apartments they 
serve, as well where they meet in the middle as at their sills, which is a subject requiring 
much care and attention. 

2165. In fig, 776. is shown the construction of a sash-frame, and the method of putting 

together the several parts, wherein R is the elevation of the frame, of which A BCD b the 
outer edge. 'Flie thinner lines at £F, GH, FG, arc grooves whose distances from the edges 
of the sash-frame LM and KI ore equal to the depth of the boi|k^, together with three- 
eighths of an inch more that is allowed for margin between the the shutter, when, in 

the boxing, and the edges ML and KI of the sash-frame next to tlii^pil S b a horbon- 
tal section of the udes, whereon b shown also the plan of the sill. vertical section of 

the sill and top, in which is shown the elevation of the pully style m and % the pullies Jet 
into the pully piece. U is the horisontal section of the sides, showing plan of the 

head of ^ sash-frame. V the elevation of the outer side of the sash-fmjS 4fhe outside 
lining being removed for the purpose of showing the work within the 8ash-fteitl|k In thb 
fg b the parting atrip fastened by a pin ; ed one of the weighu connected to A^sash by 
means of a line going over the ptillcy c, the other end being fixed to the edge sash. 
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The d« is made equal to 

one half the weight of the sash* 
VT is the head of the sash-frame 
before put together, and X shows 
the edge of W. Y is the edge 
of the bottom, exhibiting the 
manner of putting the styles in 
It, and Z is the plan of Y. Fig. 
777. f Nos. 1. and 2., are sections 
of the sills of sash-fnunet* with 
sections of the under tail of the 
sash, showing the best method of 
constructing them, in order to 
prevent rain from driving under 
the sash-rail. In each of these. 
A is the section of the bottom 
rail, B a section of the bead 
tongued into the sill, C a section 
of the sill. Fig. 778. exhibits sec- 
tions of the meeting rails of the 
upper and lower sashes, with side 
elevations of the upright bars ; 
C is the rebate for the glass, D 
a square, £ and F an astragal 
and hollow moulding, G a hllet. 
The smaller letters mark the 
same parts of the under sash. 
Fig, 779. is the section of an 
upright bar with the plans of two 
horizontal bars, showing the 
franking or manner in which 
they are put together to keep the 
upright bars as strong as possible, 
'ibe thickness of the tenon in 
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general is about one sixteenth of an inch to the 
edge of the hollow of the astragal, and clcrae to 
the rebate on the other side, hh is a dowel to 
keep the horizontal bars still firmer together. 

In this diagram the letters refer to the same parts 
as in the preceding figure ; and it is also to 
be observed, that no rebate is made for the glass 
on the inside meeting rail, a groove being made 
to answer that purpose. Fig. 780, exhibits four 
sections of sash bars. But their forms, as in the 
case of mouldings, generally depends on the taste 
of the architect. 

2165a. Several patents have been taken out, of 
late years, for hanging sashes so that they may 
be removed from the frames for cleaning or re- 
pairing without ^ing down the inside bea^ 
an operation which always results in at least pi«. 7 ho. 

damagingtJijjinafewyears. Tliey ore not alwoys satisfactory. Ournrnn^Baaakpoeketand 
Jtttinga, and Oribbons* soak mounUngt, were introduced about 1858* Other inventkms 
have beefl inade for hanging them so that the upper and loirer sashes shall open with tlif 
same action. William M;Adam*s “Imperishable material applied to sadi and oAer 
pulleys* economical sash weights, and improved methods of hanging windows,** comprises 
a mtterittl for pulleys of vitrified stoneware, proof against the action of the weather. 
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For window wctghtf ht substitutes a cheap material daanufactured out of vaHottfe kinds of 
refuse ; and suggests an improvement in the mode of hanging windows whereby one weight 
can be made to answer the same purposes as two applied in the usual way. R. Adams 
has a patent abti-accident reversible and sliding window, for cleaning, ventilation, &c., 
whereby the outside of the cashes can be safely revolved, or reclined into the room for 
cleaning, &c., thus removing all danger to the cleaner. JfeaAin has M new patent standard 
sliding sash, for cleaning. For sash lines, see par. 2260. 

21656. The French casement window, or each door as it is called when it opens down 
to the ground, is a feature comtnonly introduced even in English town houses. Its most 
ordinary forth for small apertures is that of two leaves opening inwards or outwards, meeting 
in the centre of the opening; one leaf being secured to the frame by a bolt at top and bottom, 
and the other, when closed, is fastened to the first by a handle, fixed on the second 
leaf and turning over a staple fixed on the first. When the casement is high, this 
second leaf may require a bolt also at top and bottom to pre- 
vent the wind bending it (when inwards), and so admitting 
cold air and wet. When placed towards an exposed quarter 



Fig. 780a. Fig. 780fc. Fig. 780C. 

and subject to driving rains, it l>ecomes necessary to take extra precautions to prevint the 
wet being blown through the joints at the l>ottom and the sides. To effect this object, the 
stiles, rails, and frames are beaded and sunk in various manners ; some are shown in 
7H0a. and 7806., sills and bottom rails. For the latter, a water /tar is now much used. 

21656*. The next improvement is perhaps that of affixing to the leaf which is first opened 
an upright bar, which turns, and on being closed, fits against the other leaf, and by a hook 

at top and bottom effectually fastens Imth 
leaves. A similar method is sliown in 
^ ^ ^ 780c., adopted at Pisa, as given in the 

' ^ Papers of the Royal Engineers, x. 1 87. 

The upright square reeded bar D, is 
moved to or from the sash, as the win- 
dow is required to be opened or shut ; 

\ the top and bottom of the bar being 
\ rounded, as shown at E, so as to slide 
' into two segmental plates F, secured 



.y 

to the ^ and lintel. 1 is a plan of the two case- 
ments, and 2 a plan of the head and sill. 

2165d. The best arrangement is that of the 
Eepagnoktts bott, which is made of brass, and acts 
in the same manner as that of the bar above men- 
tioned. There are several other contrivances of 
a similar kind to effort the object, but the almve 
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u.Te those in most general use. There is also a late invention for Ibrmtng the holt into 
plate, and setting it in a groove in the ad^a of the meeting stile, a corresponding groove 
being formed in the other stile to receive its half of the plate when moved forward by 
the handle in closing the casement. This, at the same tim^, forms a weather bar. (See 
par* 2259. ) * ^ * 

2165a. The^f^y. 780a. is a section^ ost ordinary arrangement in France for a casement. 
A is the plan, taken across the middle of the height, near the handle ; and B the plan of 
the hooks at top and bottom of tha rod, working into a staple fixed in the head and in the 
sill, with tlie movement of the rod bgits handle. The round and hollow joint in the middle 
of the easement necessitates tiie twia leaves being closed together and pressed into the frame 
when shutting the leaves, thus securing all the jointl from admitting air or water. 

2165/, Fig. 7 sod. is a plan of the elaborate but usual French casement, as lately put up 
to the stone-fronted houses in the Rue de la Vietoire, at Paris. It is given by Daly, in 
the Revve Generate de V Architfcture of 1^58. A shows the casements wlien shut ; B the 
shutters closed in the lioxings ; and b b the shutters when opened out. C the pereienne^ or 
outside blinds shut against the stone reveals ; the ordinary mode is for them to shut on 
the face of the wall, which spoils the architecture pf the facade ; c c the same when closed ; 
D the espagnolette bolt ; £ the outside architrave ; and F the inside architrave. 

GROUNDS. 

2166. Grounde arc formed of pieces of wood forming skeleton frames, and attached 

to walls, around windows, doors, or other openings, for the facility of fixing archi- 
traves or other mouldings upon them. For doorways the front and back grounds 
were connected by a third, specified as dovetailed backing, 'I'hey are disused in 
common work, the grounds being the wrought woodwork carrying the mouldings, 
forming a single or double faced architrave, and having the jamb space filled by a 
single or a double rebated and beaded jamb lining. The grounds served as screeds for the 
plastering, for which pijjggose the edge was chamfered, rebated, or grooved. Grounds or 
narrow grounds were tM||||||||a which the bases and surhases of rooms were fastened ; slips 
of wood now receive tlffl^mings of rooms. All these appliances were secured to wotnl 
Irtcks, which themselvefKve givmpffray to plugs or wedges. Wright and Co’s patent im- 
proveo fixing blocke for^jjhiings to and floors, are substitutes for wood as a fixing. 

They take and retain |0ils equal to wood ; they do not shrink, split, or decay, or be- 
come loose; whilst the crushing weight is fully equal to good average brick or stone. 
They are built into reveals as bricks, without destroying the bond. When required for 
skirtings, for boarding, and such like, the brick is made J inch wider, offering for 
the plastering K|i better key than that obtained when using the wood ground. They are 
useful also in other cases. In all cases the grounds ought to be fixed vertical on the face 
and edge, and l»e jfixed firm and solid in every part; for otherwise the inside work cannot 
bo well finished, as in plastered rooms the plaster is worked to them. 

2167. In fixing window grounds, the sash-frame must be first carefully placed so as to 
stand perfectly vertical ; and then the face of the ground must stand quite parallel to tbs 
face of the sash-frame, and project about three quarters of an inch from the face of the 
naked brickwork, so as to leave a sufficient space for the thickness of tl»e plaster.' The edge 
of the ground should be in the same |>lane with the edge of the sash-frame, or, as the work- 
men term it, “out of winding.” 'I'he edge of the architrave, when finished, in ordinary 
cases, will stand about three-eighths of an inch within the inner edge of the sash-frame, so 
that a perpendicular line down to the middle of the grounds would stand exactly opposite 
to a per])endiculau' line down to th'^ middle of the sash-frame. 

FLOORS OR ILOOR BOARDS. 

2168. In the laying of floors, the first care to be taken is that they be perfectly level, 
which, owing to the nature of the materials whereof they are constructed, is a difficult task. 
ITie chief sorts of floors may be divided into those which Arc foldedt that is, when the boards 
Arc laid in divisions whose side vertical joints are not continuous hut in hays of three, four, 
five, or more boards in a bay or fold ; and those which are etraight Jointf in whicR the si la 
joints of the boardc are continuous throughout their direction. 

As soon as the windows are fixed, the floors of a building may be laid. The boards 
are to be placed on their best face, and put to season till the sap is quite exhausted, when 
they may be planed smooth, and their edges shot and squared The opposite edges arc 
brought to a breadth by drawing a line on the face parallel to the other edge with a 
flooring guage, after which the common guage is used to bring them to a thickness and 
they are rebated down on the back to the lines drawn by the guage. 

2169. The next operation is, to try the joints, which, if not level, must be brought so, 
either by furring up if they be hollow, or by adzing down if they are convex, the former 
being more generally the case. 
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2170 . The boards used for flooring are battens, or deals of greater breadth, whose quali- 
ties are of three sorts. The best is that free from knots, shakes, sapwood, or cross-grained 
stuff, selected so m to match well with one another. The second best is free of shakes and 
sapwood, and in it only 6|uall sound knots are permitted. The third, or most common 
sort, are such as are left-ufrer taking away the best and second best. 

2171. The joints of flooring-boards are either j^uite square, ploughed and tongued, re- 
bated, or dowelled ; •und in fixing them they ore nailed on one or both edges, when the 
joints are plain knd Square without dowels. Wheu Idiey are dowelded, „they majr be 
nailed on one or both sides ; but in the host dowelW *#ork the outer edge only is Uailed, 
by driving the brad through the edge of the board obKquely, without piercing M surface, 
which, when the work is cleaned off, appears without blemish. 

2172 . In laying the floor-boards, they are sometimes laid one after the other, or one is 
first laid, then the fourth, at an interval of something less than the united breadth of the 
second and third together. The two intermediate boards are then laid in their places with 
one edge on the edge of the first hoard and the other upon that of the fourth boaid, the 
two middle edges resting against each other, rising to a rid^e at the joint. In order to 
force these boards into their places, two or three workmen jump up6n the ridge till they 
have brought the under sides of the boards close to the joints ; they are then £ted in their 
places with brads. This method is that first mentioned under this head, and in it the 
boards are said to be folded. Wo have here mentioned only two boards, but four boards 
are most commonly folded at a time, and the mode is always resorted to when a suspicion 
exists that the boards are not sufficiently seiisoned, or they are known not to be so. The 
headings of these folds are either square, splayed, orploughed and tongued. If a heading 
occurs in the length of the floor, it should be invariably made to fall over a joist, and one 
heading should not meet another. 

2173. In dowelled floors, the dowels should be placed over the middle of the inteijoist 
rather than over the joists, so that the edge of one board may be prevented from passing 
that of the other. When the boards are only bradded upon one e^ge, the brads are con- 
cealed by driving them in a slanting direction through the outer edge of every successive 
board, without piercing the upper surface. In adzing the undersides of floor-boards over 
each joist, great care should be taken to chip away the stuff straight, and also to avoid 
taking away more of the stuff than is necessary, in which case the soundness of the floor 
will not be compromised. 

2173a. The practice of joining the edges of boards by means of rebates, or of tongued 
grooves, does not appear to hare existed before the 16th century. Previously to that 
period, the use of ledges dovetailed to the whole or part of their depth into chases, of 
dovetailed wooden cramps, or of wood or iron pins or dowels, was general. In the cathe- 
dral at Messina the 
boarding under the 
tiling is in two 
thicknesses that cross 
each other; and, in 
the cradle roofs, it 

was usual to groove and tongue the wainscoting, and also to cover those joints with 
moulded fillets, as shown in the examples in 780e. The thickness of this wainscoting, 
which was oak split, not sawn, was only three-eighths of an inch (barely more or less), 
and it was frequently put together in the manner shown in 780f. 

21736. The nailing of floors is not satisfactory in appearance. S. Putney has designed 
the PavodHos s did wood flooring to remedy the disadvantages of an ordinary nailed floor, 
and to obviate the necessity for a parquet floor over it. By a mode of interlocking 
throughout the sides of each board, a perfectly smooth, air-tight, and dust-proof surface 

obtained, free from nail holes and indentations {Jig, 780^). This floor is laid upon 
the joists direct, and edgo-nailed to it in the shoulder. Another method is adopted by 


rig. 7 W)g. Fig. 7m, 

S. Jennings, the boards being solid, rabbeted, and tongued, and edge-nailed, forming 
dust-proof joints, with a fair surface (fg, 780h), 

2173c. Woodblook Jiooring, A warm, solid, durable, non-slippery floor, free from foul 
air, vermin, and damp, being laid on a concrete bed, is that invent^ about 1866 by Mr. 
yf. White, F.H.I B.A., and called woodblock Jlooring, It consists of oblong blocks, placed 
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diftffotiiilly on concrctOt propftwd front first or second yellow denlsi which sro 

and seasoned. This intention has prodao^ other systems, IT. 
patent immoveable acme, being pinned at the end and sides. ^ Lowe's improted system, 
the blocks being secured to the bed of concrete by a composition. 8, Jenninga's prepared 
paraffined flooring, which has been laid in setei^ large hospitals and innrmaries, for 
which places it appears well suited, as also in houses. Geargs patent premier system, 
wherein the blocks are keyed down and cannot get loose. In G(ary and Walker's im« 
proTod patent Invincible eystem, each block forming the flooring is firmly keyed to the sub- 
structure by means of metal keys dovetailed into the under side of the blocks; the other 
end of the keys being embedded i n a matrix, acting not only as a damp-proof course and 
against dry rot, but also as a floating to the concrete foundation in place of the usual 
cement surface. Another is Nightingale and Co's bevelled principle of woodblock floor- 
ing. Ehner's patent hydrofuge floor is formed of, first, a cement bed in which are set 
small iron channels ; second, a bed of mastic which runs into the channels and into 
grooves formed in the bottom of the wood bkeks or parquet ; it is considered to be 
a fireproof, damp-proof, noiseless, and warm floor. 

2173<f. It is stated that in Western Australia both the woods called Jarrah and Karri 
are used for paving, and from exhaustive tests it is considered that Karri is the superior 
wood for most purposes, and paving in p:trf.icular. This refers to paving for roadways, 
a subject of high importance, and upon which opinions are much divided. It, however, 
does not come within the province of the joiner, and scarcely within the scope of this 
work. The engineer to the Corporation of the City of London reported (1888) that about 
forty years since many of the principal thoroughfares of the City were paved with wood, 

. , . most of which proved unsatisfactory ; in 1863 only eight streets remained so paved. 
Since 1878 (December) the granite in nearly the whole of the main thoroughfares in the 
City has been replaced by either asphalte or wood, but mainly asphalte. Of the latter 
there are now 23,579 lineal yards, or about 13 miles; and of the former, 10,898 lineal 
yards, or about 6 miles. The parishes in the metropolis differ in their opinions, some 
entirely condemning wood for asphalte, others using wood only, and one, at least, 
keeping to granite as cheapest in all ways. 

2173e. Parquetry ^ Floors of principal rooms of the better class of houses are 

now being finished with parquetry. It is composed of different pieces of some four or 
five coloured and hard woods, arranged in regular geometrical figures, for the whole of a 
room, corridor, or gallery ; or applied as borders round carpets, to treads and risers of 
stairs and landings ; and even as dadoes, panellings, friezes, &c. Parquetry is kept clean 
by sweeping and periodical waxing. It is usually made solid, one inch thick, grooved, 
tongued, and keyed at the back and corners. When the woods are applied only as a 
veneer, they are liable to warp and separate by heat. Turpin's thin parquet floor is 
^ in. thick, prepared on deal back laminations to wear equal to inch solid parquet ; it 
can be used for veneering an old existing deal floor, and is susceptible of removal at 
pleasure. 

21 73/. Wood carpet rarquetry is three-eighths of an inch thick, firmly nailed down with 
small barbed wire brads on to the top of the old floor; it is stated to be of a durable 
nature and texture, bearing constant traffic. It may likewise be used for wainscotings, 
and walls and ceilings. Ebner’s i»rquetry is attached firmly to basement floors without 
any under flooring, as above explained, *‘Wood tapestry (Howard’s patent) for cover- 
ing walls, ceilings, and othfr surfaces with real wood at a less cost than painting and 
graining,** dates from about 1866. 

2173^. Marquetry, or the inlaying of coloured woods, became very general at the latter 
end of the Idtn century. Oak was inlaid with ebony ornaments in the panels and stiles 
of wainscoting; and the framing of doors, windows, and shutters was sometimes msde of 
dark-coloured woods, the panels being of light colours, inlaid with ornaments, profiles of 
heads, &c. This process is applied greatly to furniture, where it is imitated by paint. A 
new method has been introduce, of appl^ng a printed pattern to the prepared wood, as 
in the Tunbridge ware, and then varnishing it as usual. Ornamental pyrographic wood- 
work,’* for panels and in cabinet work, being a process for burning-in ornament upon 
wood, is now in operation. 


FBAMIKO. 

2174. In fig, 781. are shown several methods for framing angles in dadoes, skirtings, 
troughs, and other objects, wbe^f A exhibits the method of mitring a dado on extermr 
angles in an apartment. In fixing this together, brads may be driven from each side. B 
is a method of framing used for troughs or other rectangular wooden vessels. C is a 
method of putting a dTado or skirting together at any interior angle of a room. This mode 
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is *lso employed for water- trunks, or troughs. In D is 
shown the manner of fixing and finishing two pieces of 
framing together, witli a at their meeting, by winch 
the joint is concealed. It is used only in common finish- 
ings. In those of a better sort the angle is kept entire, 
and only a three-eighth bead used at the joint. It is of 
great importance in all joiner’s work to preserre the 
sharpness of the angles of the work, and many prefer 
to employ the method shown in F, without any bead at 
the Joint. In this the joint is made as close as possible, 
and is well glued together. If additional strength be re- 
quired, blockings ma^ be glued in the interior angle, 
which will make it quite firm. The method, by a simple 
mitre at £, is not so good as at A, because it has no abut- 
ment. 

2175. When it is required to glue up large work, those 
edges whicli are to receive the glue siiuuld be well warmed 
at a fire, and then, while warm, and the glue as hot as 
possible, they should be united, inasmuch as glue never 
iioids well when it is chilled or cold. 

2175a. In studying medieeval framing^ much attention 
should be given to the modes in which the junction of pieces was effected ; there are two 
which are chiefly important. The first is a characteristic in the work of the carpenter as well 
Hs of the joiner, viz., the shoulder, either solid or applied TOlIt. and 701/.). In the 
first case, it is not economical of material, which was a great point of consideration ; and 
tlierefore it is rarely seen except on short pieces, such os the posts of doorways ; but as an 
applied means of strength it is almost as common in good work as a corbel in masonry, 'fhe 
second is the use of the mortice and tenon with trenails ; and the extreme care which was 
givea to this part of the work is scarcely to he expected in these days of speed and cheap- 
ness. It may be predicted that no truly medieval work will now be ever reproduced except 
in the fancy-work of the cabinet-maker and the smith. 

21755. Another peculiarity is the use of stops to all chamfers and mouldings at points 
of junction of framing: it is not until the last phase of pointed art, that tlie stop of the 
moulding of a stile is worked in the rail, or that the corner of a panel is rounded : it is only 
in the dawn of the renaissance that the four-panel quirk ogee front and equate back can be 
))ortion of a specification for a door ; for a mitre-joint is eminently not a feature of me- 
diaeval joinery. The juxtaposition, even accidentally, of two stop-chainfcred edges, suggests 
n means of enriching work, whether in open or close panels. The avoidance of work 
against the grain, and of large hollows, is also mentioned as a characterbtic of joiner*s 
work in pointed art; but this disappears in the course of the 15th century. ITie 
medieeval joiner, depending sometimes upon halving his work together, more frequently 
thought time less valuable than material, and did not repent a profusion of morticing and 
tenoning, to which he added the trouble of fastening with wooden trenails or iron pins, 
i^s large an amount of rebating and of grooving, how ever, was done in framing by the joiner 
as could be expected by those who were accustomed to the back-jointed and the grooved 
work of the mason. 

2175r. Perhaps the most defective part of the joinery of the middle ages is that which 
consisted in planting one thickness upon another, llie contrivances in glueing and dove- 
tailing were not of themselves suflficient ; and recourse was obliged to be bad to nails. 
The absence of screws and nails, except where nail heads could be made decoration, is 
another characteristic of medieval joinery. It was not until the beginning of the 14th 
century that the transition from planted work to panel work can be said to have appeared 
in any strength. At the end of that century, an architect might have specified a door as 
nine-panelled^ beaded three edgeSy chamfered bottomy and rained panel both eides ; but his l>eads 
would have been stuck in the solid, anti not applied : during the whole of the 14th century 
planted work was commonly introduced, as in screens, closets, and shutters, where perliaps 
a sham buttress serves to conceal the wide joint made by the work in consequence of tha 
inaccurate finish of the bingeing. A curious method, which must have been laborious 
before the introduction of the plane, of attaching the planted work, consisted in running in 
the ground a chase wide enough to take the whole breadth of the planted stuff, and then 
to run a couple of grooves in that chase ; of course the hack of tt«e planted stuff had to be 
worked to match, with two tongues to enter the moves. 

2175d. The tiso of the materials was restricted. Three inch stuff for the thickness of 
rails and stiles, with a not much wider face ; inch and a half stuff for mouldings to bo 
planted ; panels npt more than eight inches wide, and three-quarters of an inch thick s 
*t*ay be quoted as uaqsl dimwisions for joiner’s work. Tlie observance of this restriction 
ponstitutee an eaaentM characteristic of medieval work. 
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9176. Stmrt a»d l)i«ir Amndraiit arc amooff the moat Important objects of the Joliief^ 
skill. The choice of situation, tufficiencj of light, and easy ascent, are matters for tlie 
exercise of the arohileet^ best talent 

9177. There are some leading priodplea wlileh are common to all stsireaees, of what- 

soever materials they may be oonstrueted. Tlius it is a maxim that a broad step shoubi 
be of less heMt than one which It narrower } and the reason is sufficiently obvious, becauw 
in striding, iriiat a man loses in breadth he ean more easily apply in raising himself by his 
feet Now, as in ccNnmoa practice it it found that the convenient riae of a step 19 inches 
in width is 5^ indie^ it may he astumed as some guide for the regulation of other dimetw 
■tons. Thus 13 X which would be a constant numerator for the proportion. Suppose, 

for instance, a step 10 inches in breadth, then ft ">6} inches would be the height ; and tliU 
agrees very nCarly with the common practice, ^e breadth of steps in the commonest stair- 
case may be taken at 10 inches at a medium. In the best staircases the breadth of tlio step 
■hould not be leas than 19 inches, neither should it l)e more than 18 inches. (See 9814.) 

91 78. Having adjusted the proportions of the steps, the next oonsiderstion is to aaeeruin 
the number of risers which will be necessary to pass from one floor to another. If tiu 
height divided hy ilie riae of each step should not give sn exact number of risen, it is beitei 
to ^d one rather than diminish the number. 

9178 a. An easy mode of proportioning steps and risers may be obtained by tbs annexed 
method. Set down two sets of numben, each in srithmetical progression ; the flrst art 
showing the width of the steps, ascending by inches, the other showing 
tiie height of the rl^r, descending by hall-inches. It will readily be seen 
that each offheae srepa and risen are such as may suitably pair together. 

( Newlaod, Car p adtr*$ and |itacr*s AfiUant^ 1 860. p. 1 97.) It is seldom, 
however, that the proportion of the atep and riser is exactly a matter of 
choice — the space allotted to the stain usually determines this proportion ; 
bot tbe above will be found a uaeful standard. In Hrst-class buildings 
the number of steps is ^be plan, which it is tbe business 

of tbe architect to amoge iflMHHHanee with the st}le of the ediBce. 

9179. The width of tbe bettor^nts of staircases should not be less than 
4 fiset, to allow of two persons freely passing each other ; but the want of 
space in town bouses oflen obliges tbe architect to submit to less iti what 
is called the gofag of the stair. 

9180. The parts of every step in a staircase are one parallel to the horixon, which it 
called the irtadof the «tep, terminated on tbe edge by a moulded or rounded aatlag, and 
the other perpendicular to tbe horixon, which is called the nW of the step. Wliere great 
traffic esista, the treads of stairs wear down at the noting. Tbit is often protected hy a 
brasa edging, and by lining it with lead. Hawkslcy^s paUmi trwade have come largely into 
use, not oidy at railway stations, but in warelmusei and other buildings where there it 
nm^ traffic on the stairs and landings. 

91800. A curious instance of economy of 
suaterial is given tn^. 781a., which shows the 
mode of getting six steps out of round timber 
50 inches m diameter, being a saving of about 
ten per cent, upon tbe attempt to cut up square 
timber. So^ atdid steps were Housed into ti»e 
carriage; A riiowing tl^ under side of it in re- 
lation to the st^ B. In straight flights the 
system of cany ing solid oewtls from bottom to 
top of tlic staircase is one which has since been 
repeated soecessfully in iron eonstnsetion. Tbe 
ingamiity of tbe mediamd joiner In thb subject 
is seen best treated in VioDct la Doe*# dic- 
tionary, (See |Msr. 9185.) 

9181. Waim have many varieties of strue- 
lore, dependent on tbe cbaraeicr, sHoalkm, 
and ditifoatiaa of the building. We shall now, 
tiiercfbre, dasrriba the method of carrying up 
dsg kpgtd^brncket^ and gomdiritml sfafrj. 

A Doe-Laooim SvafacASK is ona which has no opaolng or w^-bolai 804 III vrMeh 
Iha rail and balustars of ihe progvefsiva and ratnming ilghts fhll In tbi aama satilaal 
Iplaaaa. Tha steps in it ata fixsd to strings, nswal, and aarriiifsi, lb# tndi of tha stsps of 
tha iofrrior kind terminating onW upnn tha sida of tha string wil^t any fiottsing* Y and 
IS 789, nrs dia nUm aM alavaitkm of a stalreasa of this kind; AB is tho lower navel 
MaiMBia part BC It timiadL On tha plan, a b tha asat of thb nawot HB and BO bi 
Y aia tha lower and upptr atring boards framed btonaarib, XI< bajeialllwsiadintnriii 
trioHoar L Tbt tinas on the pbn r sp rese nt tha beat of tha steps in the abeatfoa withoiil 

Jt ^ Jt .1 ^ ^ ^ 
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CHAf. HI. JOINERY. 

wliii:b i« «s iollovi : In the upper ramp, lur cx« 
mnplef procluee the top of the rail HM to Vi draw 
MN vertical, and produce the straight part ON of 
(he pitch of the rail to meet it in N, making NO 
eqii^ to NM. Draw OP at a right angle to ON« 

From P, as a centre, describe tlie arc MO* and then 
the other contra^ curve, which ipll complete the 
ramp required. Thetiarjf rod US is in the Haing of 
all staircases a necessai^ instrument; tor in filing 
tiic steps and other work by a common measuring 
rule, bit by bit, the chances are that an excess or 
def^t will occur, to make the staircase fiiulty ; 
which cannot be the case if the story rod is applied 
to every riser, and such riser be reg^ated thereby. 

3183. A BaACiKT Staikcasb is one which has 
nil opening or well, with strings and newels, and is 
supported by landings and carriages. The bracktU 
arc mitred to the end of each riser, and fixed to 
the string board, which is usually moulded like an 
architrave. In this sort of staircase the same me* 
thods arc to be observed in respect of dimensions 
and laying oft' the plan and section as in a di^. 
legged staircase. Nothing is to be done without 
the story rod just described, adiich must be con- 
stantly applied in making and setting up the stairs. 

Tlic mcUiod of forming the ramps and knees lias 
been touched upon in the preceding article, and the 
few pariiculart we intend to give resiiccting scrolls 
and lumdrailiiig will be reM.*rved for a suliseqticnt 
page. In bracket stairs the iiitcmal angle of the 
steps IS open to the end, and not closed by tlie string, as in common dog*1egg«d stairs . 
the neatness also of tlie workmanship is as much attimded to as in geometrical stairs. 
’I1ic lialusters should he nicely dovetailed into the ends of the ste|is by twua, and tlie 
face of each front baluster is to be in a plane with the front face of the riser, and all the 
balusters being equally divided, tlie of the middle one must of course stand in the 
middle of tlie fiwe of tlie riser of the preceding step. The treads and risers are previously 
all glued up and blocked togetlier, and when put in their places tlie under side of the 
step is nailed or screwcil uito the under edge of the riser, and then rou^ bracketed to the 
strings, as in a dog-legged staircase, in which the pitching pieces and rough strings are 
similar. 

31 S'!. A GiOMrraicAL Staiecask *u one whose opening is down its centre, or, as it 
is called, an open newel, in which each step is supported by one end being fixed in the wall 
or partition, the other end of every step in the ascent Iwving an auxiliary support froui 
that immediately below it, beginning from the lowest one, which, of course, rests on the floor. 
'Hie steps of a geometrical staircase should, when fixed, have a light and clean appearance, 
and, for strengt!i*s aake, the treads and risers, when placed in position, should not be less 
than 1| inch thick, supposing the going of the stair or length of the step to be 4 feet. For 
every 6 incbca in len^^th of ibe step an etghUi of an inch should be added. The risers 
should bo dovetailed into the cover, and in putting up the steps, the treads are screwed up 
from below to the under edges of tlie risers. The holes lor sinking the heads of the screws 
ought to be bored with a centre bit and fitted closely in with won^ well matched, so that 
the screws may be entirely concealed, and appear as a uniibrm aurfisce without blemiah. 
Ilrackcts are mitred to the risers and the nosings are continued round ; but this practice 
induces an at>pareut delect, firom the brackets, instead of giving support, being ihem^ 
selves unsupported, and actually depending on Uie steps, being ind^ of no other use 
than merely tying tether the risers and treads of the intenud angles of the ateps ; and 
firom the ioternal angim being hollow, except at the ends, which terminate by Ibe wall at 
one estranuty, and by the bracket at the otlier, there is an appearance ol^tncomplete finish. 
Hie caveito or hollow is carried all round the front of the slip, returned at the end, and 
again at the end of the bracket, thenee along the inside of it, and then along the internal 
angle at the back of tl^ riser. 

3185, The ancient mode, however, was Uie best, in which the wooden was an imitatioa 
of the method of oom^meting imometrical stain in stone, which will be ibund under 
Masonry, in the Mviotn Section HI.; that is to aey, the making of the steps themaelveaaolid, 
and in leoto or tho frwm of a hraeket throughout their UrngtlL This is a more expen. 
kite method* but H Is a eotid and good one, and U still practised on tlie Coutineni, espe- 
fSaUy in YfiniOi (flaa idiio par, 3180a.) 
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SI8C. I#jfa.7S3. XRth.plM.iHi 

nrirrMt AB in X R whit R c»lUd the emr^tatl t hf (van^ Ubl th. t.11 rf . W iog j 
%liieh iniist be the liTtt tltfi ilxad. CCCm 
the Jfytn supported ftom beloir ^ rough 
curriages, and partly from the string board 
DH£F in Y. Ilis ends ntit the ^1 are 
eomctlines housed into a notch board, and the 
steps then are made of thick wood and no 
caniagcs used. GGG are wimdgn Used to 
bearers and pitching pieces, when carriages 
are used to support the dyen. The winders 
are aometimes made of strong stuflT firmly 
wedged into the wait 
the sCepa acrewed to- 
gether, and the other 
ends ul ttie steps fixed 
to the string DEHF. 

In all cases of wooden 
geometrical stairs their 
strength may be greatly 
augmented a fiat bar 
of wrought iron coin- 
ciding with the under 
side and screwed to the 
string immediately be- 
low the steps. HIK 
in Y is the wall line of 





rtf. 

tlie sofite of the winding part of the stairs, and LMK part of tha 
rail supported by two liriusters upon every step. Where the apaes 
rig. 7S4. of the going of the stairs is confined, the French have long ttnoa 

introduced, as in Jiy. 784., the practice of placing the balusters outside the steps, which 
affords more room fur persons ascending and de^nding. 


HAKDRAILS AXD CUR-TAIL STSf. 

Si 87. The upper part of the fence formed by capping the balusters of stairs b called the 
kmulraiL, whose use, ms its name imports, is for a support to the luuid in the mtctnt and 
descent of stairs. The band, (or support to the body, should glide easily over it without 
any 'strain, whence it is evident, that to be properly fonned, it must necessarily follow the 
general line of the steps, and be quite smooth aiid free from ineoualitics. It must be ob- 
vious to the reader who has tlius far followed us throughout the uiffirrent previous portions 
of our labours, thst the chief principle of handrsiling will be dependent on the methods of 
finding sections of cylinders, cylindroids, or prisms, according to three given points in 
or out of the surfime, or, in other words, the section made by a plane through three given 
points in space. The cylinder, cylindrotd, and prbm are hollow, and of the same thick- 
ness at the breadth of the rail, or the horiaonial dimenrion of its sectiqte^and their bases, 
tlieir planes or projectsons on the floor. Thus is formed the handrail ofPiaarcase of a por- 
tion of a cyluuwr, cylindrotd, or prism whose base b the plane of the stair, for over this the 
handrail must stand, and b therefore contained between the vertical surface of the cylinder, 
cyliodroid, or prism. As the handrsil b prepared in poiiums each whereof stands over a qua- 
drant of the circle, eittpse, or prbm of the base which forms the plane, such s |x>rtion may he 
supposed to be contained between two parallel planes, so that the portion of the handrail may 
be thus supposed to he contained between the cylindricaJ, cylindroidal, or prbmatie surliices 
and Uie two parallel planes. The ports to be Joined tegetlitr for fiirming the rail must 
be so prepared that in tlieir ploee all the teetions mode by a vertical plane posaing through 
the imaginary aolid may he rectangular: tbb b denominated syaoriap lAt and b 
all that can be dpne by geometrical rulea But hoadfoib not being usually tnsdt of 
these portions of hollow cylinders or cylindroids. but of plank or thbkneiaes of wood, our 
attention b naturally drawn to the considemiioii of the mode in whkh portions of them 
may he formed from planks of sttOeMHit thirimem. The foeos of Itw phnks heliig pbmsit 
they may be supposed to be contained between two pomlloi nbiiam that 1% the two fosos 
of the plonk. Such figures, tliertforc, art to he drawn on the Mdei of th# plank os to bore 
the sorfimss formed bmween the opposite figures, portions of the eylhnhrieal* eyUndnddal* 
or other eiirfhees required, when the superfitume pert# ore cot away. A MMmtd modi In frit 
form of those figitreiL whifri b no more than a oeefron of thenit b oolM frm lier MeMli 
filSa. The vertical, cybndrkat, or eylindrcddal stnrfoeoe being iW npptr iii4 

lower eiiffimm ttttifi he mru formed s and thb b aeeomp li i h od Sy bending ionfrior mmAi 
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wmA tht or oyliodrottkl •ur&cct» gcnmlly to tht ootnroi ond drowtni^ 

liiMt on tbo ourfoet round tlio «dg« of *tieh mould. Tbo fuptrliiiooo wood i» tlicn out 
nw«y Arom top to bottom, oo thot if tho pi«e« woro let m its ptsos, ond o •trntj^t'sdge 
•ppiM oo tbo iurfimm so and parallel to tba borison dimctod to tl»« oxia of tha 

wolUbola, it would ootnmda with tba suHaee. The mould so applied on the convex side 
for forming the top and Ix^m of the piece, is called tbe/aZfoip $mmbL For the purpose 
of finding these mcmlds it is neeesserjr to la^ down the plim of the steps and rail ; next, the 
Idling immld, which is regulated by tlie beiahts of the steps ; and lamly, tbe foee mould* 
ebieb is regulated by the foiling mould, and furnishes the three beii^ta alluded to, 

SltfiL iV* exhibits two of the most usual Ibrms of handimh* The u pper port* 
A and B of the figure, are sections of tbe rail and mitre cap of a dog>lcgged maircaaa. 
Vertical lines are let foil from the section of the rsii A, to the mitre in B ; from tbenec^ 
in arcs of circlet, to the straight line pssaiiig through tlie centre of the cap at right 
angles to the former straight Unes ; then perpendiculars are set off and made equal in 
length to tlioac in A. 

A curve being traced f ^ 

through the points j \ JJ* 

gives the form of tlw ^ ^ | | n ^ 

cap. C is callad a too<fs j 5 j ij r — — T~’— ^ 

bath raiit and is used 4 ; ;• v 

for a superior descrip* i i i i ii ? 

tion of staircases. i ii / 1 

Sisa /y.786. shows \ 

tlie method of drawing / n } : p. \ "x \ 

the actoll for terminat- / \ 

iiig the handrail at the I \ \ 

bottom of a geometrical -V-— : — TTm / \ \ \ 

suircase. Let A B be . ' i { xJ^ / c -If \ \ \ 

the given lm*adth; J I uLLA 4 ..j l a 

draw A£ perpendieu- \ / -."Tira ^*=^=***^”‘ y I 

Ltr to AB,a^ divide it J } I 

into eleven equal parts, i J j 

and make A K equal to V \. / 

one of them. Join BE, \ / 

bisect A Bin C and BE ( J \ ' / 

iiiF. Make Cl) equal \ ^ / V t ^ 

to CF and draw DO J f 

perpendicular to AB. (J p 

From F, with tlie radius 

FE or FB, describe an rw-tss. ric.;is. 

arc cutting DO at O. Draw GU perpendicular to BE couiiig BE at O, Draw the diagonab 
DUK and lOL perpen^oiar to DUK. Draw IK parallel to BA; KL perallel to ID, 
Slid so on to meet the diagonals. ^ From D as a centre, with the distance DHf describe the 
are BO, From 1 as a centre, with the dutance 10, deaeribt the are OE. From K as a 



' Wi 



S h tMM, KXSwwib, tb, tn EH. fWiin L m ■ omtre. vilh Uw JUImm 
omhA, Ot MB HP. ft ao w d in Uw mom —nn w wd WMsIat* tb« raoMiritiK 
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DR describe the ^0 R^ with the centre I and distance IS describe the arc ST, ar.d 
with the centre KT describe the arc TU, and the scroll will be campiet^. 

2191. Fig, 787. gites the construction of the cur*tail step, or that which lies under the 
scroll, abed is the veneer that covers the riser ; e/gh^ the nosing of the cover or horizontal 
part of the step ; ikl the face of the string board, and mno the projection of the nosing. 

2192. In^^ 788 is shown the cover board fcir the cur*tail step, abed and efgh in dotted 
Ures represent tfie plan of the scroll } opyra, the nosing of the cur-tail step ; <, «, 0 , a, tho 
nosings and ends of the risers. The circle 1, 2, 5, &c. is described from the centre of the 
scroll, and divided into equal paits equal to the distances of the balusters from centre to 
centre, and lines are drawn to the centre of tho scroll in order to ascertain the middle of 
the balusters, by giving a regular gradation to the spaces. The whole of the spiral lines 
In this and the previous figure are drawn from the same centres as the scroll. 

BENCHES. 

2192a. “ It must be confessed,** says Denison, in his Lectures on Church Building, 1858, 
page 242, ** that our ancestors did not offer much temptation to people to come to church 
by the comforts they provided for them when they got tiicre. Nothing, indeed, can be 
better for sitting in than some of the old stalls, such as those in King’s College Chapel, 
where the back lias a slope of one to four ; but most of the common old church seats are 
frightfully uncomfortable — the back of the seat ought to he inclined, especially when it 
rises as high as the shoulders. It is not of so much consequence when tlie seat back4 are 
low, but even in them it is better to have a little inclination, about one in eight ; and aboru 
all tilings, the top rail ought not to project. The seats ought never to be less than 13 
inches wide with a sloping back, or 14 inches with an uprigiit one, and they will he .ill the 
better if they are an inch or two more. Nothing under 2 feet 10 inches at the very least 
will allow proper room for sitting, standing, and kneeling, especially if there are any 
divisions under the seats to prevent people from kicking tlieir neighbours’ hats, or appro- 
priating their hassocks. Wlierc it is necessary to save room in every possible way, it is 
not a bad plan to make the division under the seat only come down to 3 or 4 inches from 
the floor; and never in any case ought there to be (what there often is) a thick rail or bar 
of wood lying along the floor and taking oft' an inch or more from the space for tlie feet, 
'fhe book hoards are best not sloping, which is of no use, but flat and narrow, just wide 
enough to lay a book upon shut, and to put the arms upon in kneeling. As regards the 
diflSculty of finding a good place and proper lieight for the pulpit and reading desk, 1 
know of no better advice to give upon the subject than to try various places before you 
finally fix upon any one, unless the construction of the church is such that there is one 
place marked out by nature (as we may say) as the proper one.” 

21926. Examples of benches and bench ends are represented in so many publications 
that it is deemed unnecessary to give any illustration. Some cappings to benches, and 
edges to divisions, are shown in the section Woow Mouldings in Book III. Those shown 
in Brandon’s Analysis, and Bury’s Woodwork, give the following dimensions : — 


Kame of Church. 

Height. 

Width. 

Seat. 

opening. 


Combllitf^Cambridge - 

2. 9 

S. 4 

J. 0 

1. 6 


BentleyT^SiUL^ ... 

2. 5 

2. 10 

0. 11 J 

1. 6 


iireat - 

3. 1 

2. 6 

1. 2 

1. 1 


Bishops Lydeard, 

2. lOj 


0. 11 

ri. 0 
ii. 4 


Westonzoyland, Somerset 

3. 3 

2, 

— 

1. 7 

rend 
ll. 4 

Atherington, Devon 

3. 9 

— 

0. lU 



Ickleton, Cambridge 

2. 

— 

0 . loj 


1. 10 

Stalls, Bridgewater, Somerset - 

— 

— 

0. lij 

centre to 
centre 

sitting 

J 2. 3 

„ Wantage, Berks - 

— 

3. 5 

! — 

1. 4} 

1. 10 


The rules of the Incorporated Society for Promoting the Building of Churches state, 
that ** the distance from the back of one seat to that of the next must depend in great 
measure on the height of the backs. Where the funds and space will admit, convenience 
will be best consulted by adopting a clear width of 3 feet ; but a width of not less than 
2 feet 8 inches from centre to centre will be allowed if the back of the seat is not more 
than 2 feet 8 inches in height If a greater heiglit be adopted, the distance from bgisk to 
back must be increased one inch at least for every additional inch in height ; bul^ under 
no circumstances must it exceed 3 feet. There must not be any plfpjeeting ck|i^ng'«p tbe 
top of the backs. Facilities for kneeling in all cases to be pMiv|ded ' The df the 
seat boards for adults to be not less than 13 inches. 20 inches In length nttmjt be sulked 
^ each adult, and 14 inches for a child. Chikbren*« amta Hunt be 






JOrNTillT. 




haek to Ipmi^ J»d must Tiav-e backs.** Her Majesty*^. C3o««M»i*A*|S|' new 

ikorcliet allow $0^ inches by 34 inches for each sitting; £he« V 

ind H inches for children. Benches for free sittings are to beS d fiwt 6 inches, o» 
S feet long. The allowance made for each sitting in St. Paul^ Caihednl ts^ as nearly as 
possible, SO inches by 33 inches. From 4 to 5 square feet of floot is not too much space to 
t>e calculated for each person, allowing for gangways, communion table, &c. 

Sl32c. Clotsters, porches, canopies, over-doors, stall-work, lych-gates, windows, staircases, 
>ell-wheela umL carriages, lufFer or louvre boards, fencing, screens, ptilpits, desks lectetn%. 
•bests, tablet) cem aliia, are amongst the many other productions of the joiner, being 

ar too numerous tti be described in detail herein. 

f^RMATlON or BOWES BY JOINING THEM WITH GLUE. 

2193. ITie way in which bodies are glued up together for different purposes will lie 

iven below, and with them will close this section. , , , , . j a.. « ..u 

2194. Fia, 789. shows at A a section of two boards glued up edge to edge. At 15 the 
je of the same is seen. C shows the section of two boards glued edge to edge, each 


ice 

iecc 


K LIIC iKHire sa sjwwsm# w w—w -- - - ^ n * •y 1 1 

being grooved, and a tongue inserted at their junction. By similar means a board may 
e increased to any width, be the pieces whereof it is compowd ever 


HTo boards fixed at right angles, the edge of one being glued on the side of the other, 
lock for the purftose of strengthening the joint is fitted and glued to tlie interior side. 





Pig. 791. 


FIf. 789 , . 

OIOS Fia 790, A is a section of two boards to be joined at an oblique angle. A key 
•e mi^ed and glued together with a block at the angle. B shows the inner sides of 
m Imards so fixed. It is by repeating this operation that columns are glued up. 

2 ?^ Ffo.79irA is the section of an architrave. The moulding is usually, if no 
ways,* glued to the board j the vertical line therefore, showing the extreme boundary ol 
le moulded pait, is the sec- 
an of the piece to be glued, 
is the fece of the archi- 
ave, C and D a section 
id front of it before it is 
nulded, E a section of it 
th the button and nail to 
ow the way in which the 

0 parts are glued together, 

d F shows the back of the 
chitrave with the buttons 
lich are used for the pur- 
se of bringing the two sur- , • 

•es to be glued together in contact, till afler they are set and fully held together, beii^ 
ocked off when the glue has become hard, and then the moulding shown at A and 1> is 
ick. 

2197. Fig. 792. el- 
>its the method of 
ling up a solid niche 
wood where A is 

1 elevation* llie 
Vk is performed in 
' same way as if it 
re stone or brick, 
iept that the joints 

all parallel’ to the 
lie of the base, be- 
ise of the difficulty 
[naking a joint with 
vad aiurfti^ whtdi,, 

M ilfNiaitarUy b# 
toto'if they aU 

Mmdcr 





m- 


m.nt. 

loHlS w<Hd>lW4i>.bnMl^ «« w w ^ A. 

^ h *riiibi*ad the mode in which »en«eri me Jfced together for too 
'’%9«|Me«l/iiT&eei. Smoiete with their bee, upwmd. ere nailed to 
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n Kctrd. Their etiBs Are perpendicular, and a cavity is left between them sufficient to 
fceeive the veneers and wedges. In A the tlnn part in the form of an arc shows the 
veneers as in the state of glueing, the wedges being on the convex side. B isa section of the 
board and bracket. The work when putting together should he dry and warm, and the 
glue should l>e hot. When this last has set liaro, the wedges must be slackened, and the 
veneers, which now fonil a solid, taken out, 

ill 99. Fig, 19^. isa strong method of forming a concave surface by laying the teneer 
upon a cylinder, and backing it with blocks in the form of bricks, which are glued to the 
convex side of the veneers a.id to each other. The fibres of the blocks are to l>e aa nearlv 
as possible parallel to the fibres of the veneers. A is the aection of the cylinder veneer 
and blocks, and B shows the convex side of the blocks. 

2200. Fig, 795. is another mode of glueing veneers together with cross pieces screwed 
to • ||thider, the veneers being placed between the former and the latter. 



tig 7*15. Fig. 796. Fig. 797. 


2201. In, /ig. 796. is shown the method of glueing up columns in pieces, which here nro 
eight in number, each being glued to the other after the manner of ,^g. 790. The work- 
man .sliould be careful to keep the joints out of the flutes, when the columns ara to be 
fluted, by which the substance will be more likely to prevent the joints giving way. A i» 
a section of the column at top, and B at the bottom. After glueing together, the octagons 
and mitres should be correctly laid down for the true formation of the joints. In B are 


two lieoel».^one 

It is formed in three | ‘ ^ I 

courses, the pieces in i . j | 

each of which are made : | 1 \ A ! » n ! 
to break joint over i j ^ ^ ts I 

one another. The j I 

horizoaUl joints of the \ V*- ‘ Ajj 

courses Snust “be so \ 

adijusted as to fall at \ x 

the junction of two ^ ^ 

mouldings, forming a fix-rss. 

re-entering angle. After the glue is set quite hard, 
the rough base is sent to the turner, by whom it is 
reduced into the required profile. liie fibres of the 
^fgavood should he horis^ldly, in wliich direction the work 
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will itiiid much thaA wlien they are vertical. A la the pUn ef the beae uivovled, 

mild B la the elevation. 

220S. The formatioo of a modem Ionic capital is given in fig. 798.t wherein A is the 
{dan inverted, showing the method of placing the blocks ; and B is the elevation. 

2204. Fig^ 799. is the method of glueuig up for the leaves of the Corinthian capital, A ir 
the plan inverted, and B is the elevation. Ilie abacus is glued up in the same tnannei 
as in the preceding example. 



FlK.aSB. 


Plg.SSU 


PllC.90t. 


52205. Fig,^ 800. exhil)it8 the mode of forming a cylindrical surface without veneers, by 
means of equidistant parallel grooves, A is the elevation, and B the plan. 

2206. F^. 801. exhibits the method of covering a conic body. It is, in fact, no more 
than covering the frustum of a cone, and U accomplished by two concentric arcs terminated 
at the ends by the radii. Tlie radius of the one arc 
is the whole slant side of the cone, that of the other 
is the slant side of the part cut off. In this case, 
the grooves are directed to the centre, and filled in 
with slips of wood glued as befbre. The plan is 
shown by the circle ABC. The arc HI must be 
equal to the circumference ABC. 

2207. Fig, 802. shows the tame thing for a 
•mailer segment. 

2208. Fig, 803. shows the manner of glueing up 
a globe or sphere by the same method, A is the 
fiice of the piece ; B the edge showing the depth 
of the grooves; C shows the mould for forming 
the yiece to the true curvature; and D the faces 
of two pieces put together. 
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Skct. VI. 

SLATINd. 

2209. An account of the materials used bj the slater has been detailed in Chap. II’. 
Sect. IX. The tools used by this artiBcer are the sctvntlef which is a gauge by which 
slates are regulated to their proper length ; the trowel ; the hammer ; the aax, an instru- 
ment for cutting the slates ; a small handpick; and a hod and a board for mortar. The 
eaa is an instrument made of tempered iron, about 16 inches long and 2 inches wide, 
like a large knife bent a little at one end, with a wooden handle at the other, and 
having a projecting piece of iron on its back, drawn to a sharp point, to make holes in 
the slates for the nails, the other side being used to chip and cut the slates to their re- 
quired size, as when brought from the quarry they are not sufficiently square and cleaned 
for the slater’s use. The places for the nail holes are marked usually on the slate where 
they have to be punched, with a gauge, and then the iron of the ecur is struck through the 
slate. Each slate has two holes ; large slates require three. A better mode of obtaining 
the place for the holes is to mark a plank with two small pieces of wood across it, at the 
distance required ; the position is thus shown at once. 

2210. Slating is laid in inclined courses, beginning from the eaves and working up wards ,V 

the courses nearest the ridge of the roof being less in width than those below. The lap 
of one slate over another is called its bond, and it is the distance between the nail of the 
under slate and the lower end of the upp»*r slafe. The bed of a slate is its under side, 
and the upper side is called its back. Ihe part of each course which is exposed to the 
■weather is called ifs gauge, bare, or margin. The slates are nailed to close or open board- 
ing, lying oil the back ot the rafters, with nails, which should be of copper or zinc If 
iron nails are useck|j|^ should be well piinted. Th^ operation of cutting or paring the 
side and bottom ed^|Cof the slates is allied trimming them ; but the head of the slate ifi 
never cut. In Ihat^rt the holes were formerly pierced by which the nails pass to the 
boarding. This boarding (or as it is called in the north of Qrt‘at Britain) ii 

usually ^ inch to Ij inches thick, rough, of equal thickness, and well secured to the 
common rafters. A good practice obtoins of bedding slates in mortar, on boarding, whichf 
gives them a sound bearing, especially if the roof will have to stand much wear from 
persons passing along the gutters, or oyer the ridge, for repairs or other purposes. 

221 On. Another method of forming a roof, as lately employed by some architects, con- 
sists in slating on boards fixed to purlin-rafters, without any common rafters, as shown 
in jigs, 695a. and 697. The purlins are placed somewhat closer than when rafters are 
used; the boards are Ij inches thick, usually placed diagonally. It makes very sound 
work, and saves height, where that may be an object. Another method, as noticed in 
par. 2286a., is to nail the boarding on to common rafters laid as purlins, as shown in 
fxge. 696 and 696. 

’ 22106. The common method of slating is to nail the slaitfs to laths or battens, as in 
tiling, but a house so done is more liable to be affected with the various changes from 
heat to cold than by the other system. These laths are cut to boards of 20, 26, 30 or 36. 
Thus a board 12x9x3, cut 8 deep and 4 6at, equals 1 board 20. If dS 4 deep and 
4 flat, equals 1 board 26. If cut 4 deep and 6 flat, equals 1 board 30. If cut 6 deep 
and 6 flat, equals 1 bdard 36. Slating laid on battens, at places on the sea coast, and as 
usual in work in Ireland, is either wholly “ rendered ” with lime and hair on the under 
side, or only the under edges and laths are thus secured. Without this precaution the 
slates rattle, and the drifing winds get under them, tending to strip the roofs. Render- 
ing properly done, lasts as long as the slatea exist in a perfect state. 

22i0a. Open or ventilated slating, which is nearly equally ns waterproof as the usual 
method of slating, will save one third of the quantity per square. 

22\0d, Felt, Slate is also laid on fdt, on |-inch boarding. Croton’s patent aephalte 
roofing felt is impervious to rain, snow, and frost, and is a noL-conductor. From its anti- 
corrosive properties, it is of service when placed between iron and wood and between 
metals. It is manufactured of any required length, by 82 inches wide. There is some 
risk of dry rot occurring, however, by using it thus ; tne better plan is to lay the felt on 
'boards, and then to batten for the slates over the felt, so as to leave an air space between 
the felt and the slates. Its general weight is about 42 lbs. per sqtisre. Patent asphaltic 
«.*ooflDg felt is about ^ in. thick ; slaters' or sarking felt is about ^ in. thick, as is also 
inodorous felt Fibrous asphalte or foundation felt is suggested for myenting damp 
rising when placed above the footings of a wall ; but it has some disadvantages. Kou« 
conducting dry hair fblt, in sheets 34 inches by 20 inches, is also obtainable in loaglangtlis* 
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felt ii sp^ttlly prepared for hot climatesi Non-conduciina felt la formed 
Entirely of hair, and is used for oorering boilers, steam pipes, &c., for toe purpose of pro- 
Veoting the radiation of heat. Whan applied to boilers, a cement of 2 parts of white 
lead, 1^ parts of red lead, 4 parts of whiting, is mixed with boiled linseed oil ; after 
being spread orer the felt, the whole is patted down on the boiler, and in a short time 
Uie felt firmly adheres. No cement is needed for steam-pipes, the felt being wrapped 
round and secured by twine. Sheets of this felt are made 32 inches by 20 inches ; and 
of the followij:^ ujeights:— No. 1, 16 oz.; No. 2, 24 oz. ; No 3, 32 QZ. ; No 4, 40 oz. ; 
No. 6, 48 oz. This dry hair or inodorous felt is also useful for deadening sound, by 
cutting it into 2 or 2j inch strips, and laying it on the joists under the floor Iwards ; also 
as lining to wails and floors ; and for lining iron houses to equalise the temperature. 

2il0s. Felt is also appli^^fbr forming roofs of temporary buildings. It has been 
suggested for permanent buildings, but to that employment of it we hiust withhold our 
approval. The rafters may be about 2 inches by inches, placed 20 to 24 inches apart, 
laid at a pitch of 2 or 3 inches to the foot, and covered with ^-inch boarding. The felt 
is to be stretched tight, overlapping 1 inch at the joints, nailed with two-penny fine 
clout nails, first heated and cooled in grease, about 1 J inches- apart ; copper nails are 
preferable. The whole roof is then to have a good coating of hot coal tar and lime, in the 
proportion of 2 gallons of the former to 6 pounds of the latter, well boiled together, 
put on with a common tar mop, and while it is soft some coarse sharp sand sift^ over 
It. The gutters are made of two folds, cemented together with the boiling mixture. 
The coating to the roof must be renewed every fourth or fifth year, according to the 
climate. The felt is found to last better, if it be not made to adhere by any mixture to 
the boarding. 

221Q/'. Felt for sheds, or occasional purposes, may be put up without boarding; the 
rafters in this case would not exceed 3 inches by inches, placed at a distance of 
30 inches apart. To prevent the felt bagging, battens, or slighter rafters, of about 2 inches 
by 1 inch, are placed between the others. To such roofs the felt must be laid from eaves 
to eaves, nailing through the overlap into the main raft« r. The pitch of this roof should 
be about 6 inches to the foot. The “ ventilated ** slating will bear an economical contrast, 
provided the smaller size of slates be used, and is more durable. 

2*210^. Another modern material for roofing is Willcsdin paper and canvas. Two-ply 
paper is used for underlining slates, tiles, leaky roofs ; for interior lining; fixing agamst 
damp walls, under floors, and for interior decorations. It is waterproof, and does not 
smell. 100 square feet of it equals 16J lbs. The 1-ply paper is used for-underlining, fixing 
against damp walls, waterproof wrapping, packing, stencil paper, &c. The canvas is 
water-repellant and rot-proo*’. The scrim is waterproof, and useful for shading green 
houses, ferneries, &c., and for fixing to damp walls to protect ornamental wall-papers, 

2210A Slating is sometimes laid lozengewise, but it is much less durable than when 
laid in the usual method. It is introduced for the sake of ornamental effect. The ends 
of theiiiites Hre als > rounded, or cut angleways to a point, or the angles only cut off; oi, 
if the' Implies be of a small size, they are sot angleways over courses with square ends. 
These art all shown in an excellent article in Violltt-le-Duc’s Diothnnaire^, Ardoise. 
Slating is also made to have a decorative effect by foiming zlgZHg patterns with red 
ooloui^ slates among blue slates ; or a few courses of the one above a larger number of 
the other. 

221 0«. James Wyatt, RA,, arranged a system for forming roofs with slate slabs 
without boarding or battens. In this the elates were all reduced to widths equal to the 
distance between centre and centre of the rafters. On the backs of these last they aie 
screwed by two or three strong inch-and-half screws at each of their ends. Over the 
junctions of the slates, on the backs of the rafters, fillets of slates about two and a half 
or three inches wide, bedded in putty, are screwed down, to prevent the entrance of rain. 
The handsome regular appearance of this sort of slating gained it. at first much celebrity; 
but it was soon abandone i, on account of the disorder it is liable to sustain from tbo 
slightest partial settlement of the building, as well as from the oonstant dislodgment of 
the putty, upon which greatly depended its being impervious to rain. 

2211. Subjoined Is a succiect account of the different sorts of slates brought to the 
London market, and enumerated in the order of their goodness and value. 

22110. Westmoreland slates. These are from 3 feet 6 inches to 1 foot in length, and 
firom 2 feet 6 inches to 1 fbot in breadth. They should be nailed with not less than six- 
penny and eight-penny copper or zinc nails (iron nails should never be used); and a ton 
in weight of sized slates will nsually cover al out two squar« s and a quarter. The weight 
of the coarsest Westmoreland is to that of pommon tiling as 36 to 54. 

29115. Welsh rags are next in goodness, and are nearly of the same siset as those last 
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UmitioDsd ; bnt a ton of these will 'corer only from one square and a quarter to on# 
eqnare and Ihree-qnarters. Permanent green. Eureka unfading green, Whitland Abbey 
g^n, Westmoreland green, best blue Bangor, beet red Bangor, Eureka red, Old rein 
x^ortmadoc, are among those now supplied. 


2211c. Tablb of thb Kjlxss and usual Boss of Slaiks, 

with the squares a thousand (1200) will ewer according to their size, and the gauge at 
■which they are laid, as stated in rarious works. 


Kame. 


I 


Queens 

Princesses - 
Ditto - 
Ditto - 
Empress - 

Ditto, small - 
Dnebefrses - 

Ditto, small - 
Marchionesses - 

Ditto - 

Countesses < 

Ditto - 
Ditto, small 
Viscountesses - 
Ditto - 
Ladies, wide 
Ditto - 

Ditto - 

Small liadies 
Ditto - 
Doubles 
Ditto - 
Ditto, small 

Ditto - 

Singles 
Headers 
Ditto - 
Ditto - 



Size. 

InohM. 

Cover 

about 

Squares. 

Cover 

sboot 

Squares. 

Weight per 
1200. 

Weight per 
1200. 

: { 

32. 84, 86 
xl6, 17, 18 
30x16 

} 

16| 


CwtSw 

Ist quality. 

116 

CwtB. 

Snd quality. 

- 

28x14 

hX 

. 

97 


- 

•24x14 

12| 

12J 

70 

90 

- 

26x16 

- 


96 


- 

26x14 

. 

. 

90 


- 

*24x 12 

11 

10 

60 

80 

- 

•22x 12 

. 

. 

66 


- 

22x12 

n 

9 

65 

70 

- 

*22x11 

9 

8 

{sj 

40 

60 

- 

•20x 10 

n 

7 

64 


20x 12 


. 

60 



•I8x 10 

' . 

1 . 

86 


- 

1 18x10 


i H 

36 

47 

- 

•18 X 9 

6 


33 or 31 

40 

- 

*16x 10 

- 


30 

42 

- 

16 X 0 


- 

?8 


. J 

*16 X 8 

4^ 


26 

33 

1 

14x12 



33 

44 

- 

*14 X 8 

3J 


22 

26 

- 

14 X 7 

H 

4 

19 or 20 

22 

• 

13x10 

- 

4 

26 

31 

- 

*13 X 7 

- 


16 18 

21 

- 

•12 X 6 



13*14 

14 

r 

12x 8 


• 

. 

22 

i 

11 X 

- 

2i 

18 

12 

- 

*12x 6 


1 

14 


- 

♦I4x 12 

- 

. 

33 



*13x10 

- 

- 

26 



* Denotes best Welsh roofing sizes. 

During last century, when building works were executed with more ngard to durability, 
a ihousand duchesses were said to cover 9 squares; countesses, 6 SQuarez: ladicnT^ai 
squares ; and doubles, 2 to 2^ squares, 

221 Id. Slates are now split so thin, that in specifications it is desirable to state the 
weight per square of the slating required. The scientific journals noticed (1866) that at 
the Khiwboyfd^ir Slate Company’s quarries, sheets of elate 8 feet Jong and And part of 
an II ch were obtained, the width being generally 16 inches. The grain must of course, 
be very fine to permit of so thin a cleavage. 

A strength of slate 1 inch thick is considered equal to that of Portland stone 

6 inchM thick. A foot superficial weighs from 1 1 J to 14 lbs. Slates of the usual thick* 
xiess wiU not much heat before cracking: the thicker the slate the more readily do* a 
whi^^ThL^^^state^ water be poured suddenly upon them 

221^. The ^lietocA alatea were sold by the thousand often hundred, which quantity 
covered about three squares and forty feet. ^ f 

221 ly. Horsham slate, qbtaim d in Sussex, is a limestone, hnd is found to have no Umii 
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to it* duwbitiiy ; but being very heavy, proper preparation ii needed for it, ai timber* of 
jntich greater scantling than usual are required. 

2211^ French eltUee^ formerly used in liondon to some extent^ are Tery liglit, and 
must therefore only be used on boards ; otherwise the wind would aet upon them. In 
France they are bedded in plaster on the boarding. 

22 lit. The ridge, bips, and valleys of a slated roof were formerly always covered with 
lead. The valleys are still usually so formed, but slate has been introduced for the two 
former. The pieces require to be cut truly 
square, screwed to the boarding, and the 
joints and heads secured with putty or white 
lead. For hips and ridges, rlate roll ribbing 
is often employed {fig» 803a.). Shorter slates, 

A, are first nailed to each side of the ridge- 
piece, C, or of the hip rafter, to form the 
saddle, and then the slate roll B is put on 
and secured by screws through the top. This 
roll is made also with rebated joints, but it 
is obviated by the roll b eaking joint with the 
saddle. The roll, as shown in the figure, is 
sometimes attached to one side of the saddle, 
which must be made according to the pitch 
of the roof. The 3-inch diameter roll has 
a 7-inch width of saddle, or wing, on each side ; the 2J-inch a 6-inch ; and the 2-inch a 
5^ inch saddle. There are 175, 225, and 320 feet in a ton of the ribbing ; and 400, 560, 
and 700 feet of the ribbing. 

221 1^. The edges of the slates next a wall, either at the head or sides of a roof, have to 
be protected. This, in the best work, is eiFected by lead fiishings {par. 2214.'). In the 
former case, it is laid on the head of the slate for about 5 to 7 inches, and then turned up 
against the wall for about the same height, and secured by holdfasts; it may also be either 
turned over into a course of bricks, and the brickwork continued up, or the turned up edge 
is protected by a lapping of lead inserted in the brickwork. This lapping, in commoner 
work, is replaced by cement. At the edge of the roof awinst a wall, lead is likewise 
placed in a similar manner ; but as the lapping cannot be laid in a straight joint, it is cut in 
a sigzag form, called “ stepping,” to each course of bricks. Of late years this lead flashing is 
entirely replaced by filleting of lime and hair plaster; of gauged stulF, being lime and 
cement mixed ; or of cement and sand. But as these materials crack and fall away in a 
few years, the filleting has to be looked to periodically or whenever damp makes its ap- 
pearance. Zinc also takes its place, but is not so effective, as it is more difficult to dress 
it to the surface of the slates. 

2211/. In exposed situations, where filleting cannot be trusted, and lead is too expensive, 
\'arious contrivances have been made for preventing the entrance of wet. One of these 
consists in forming a small gutter between two rafters, lining it with lead, turning one 
side of the lead under the slates, and turning up the other side against the wall, and 
cementing over it. Another good method is to cement a row of tiles against the wall above 
the slates, and when dry to cover the tiles and wall with cement, tucking it well into all 
the crevices. 

221l7n. The medimval method of easing the line of tiling at the foot of the framing 
deserves some notice ; thus, as shown \njig, 701tf., it appears that the use of chantlates, A, 
frees the tie-beams, tassels, and other timber, except plates, from all contact with the 
masonry ; and. as a matter of course, from any consequent tendency to rot. This method 
seems more advantageous than that of beam-filling, which is altogether prevalent at the 
present time, in order to keep out draughts, but it requires care in closing the work* 
Tiliko has been already described in the section Bricxlayinq. 

22119. In many churches with open roofs, the solid rafters, without any under panelling 
or boarding may be seen covered with rough slabs of boarding, having laige fissures 
through which the lead is risible. Q^reat inconvenience is often felt in roofs so constructed, 
during the autumn and winter months, when, upon sudden alteration of temperature , 
condensation takes place under the lead, and the drops of water fall in almost a shower. 
I his defect has beeii the cause for ceiling many o];>en roofs. A space of two inches left 
between the inner boarding and the outer covering has been found to be sufficient to 
obviate this discomfort. FeltQ^ar. 2210d )i8 also sometimes used, to assist in remedying 
the evil. 

2211a. In Pembrokeshire, slate is used for everything. For posts and rails of the same 
scantling ns if for wood. The walls of buildings are of square blocks, rough casted. A 
range of stabling might be erected of rough blocks, with the dowr and i^ndow-fraraes of 
worked slate. A prejudice exists against the use of squered blocks without plastering 
them, on the ground that they admit damp. It was found that if there was the smallest 
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perforation in the slate^ or if, as was often the case from the want of 

loints were not perfectly close, the damp it driren thronj^h. ^ The defect, might, peniape, 

t>e obviated by faying every block with the bjd slightly inclining outwards. ‘ , 

221 ip. Sicis o/sl(U€, sawn, self-faced, and plan^ . are now extensively maontiii^rea at 
all the large quarries. They are usually in }, 1, If, 1 f, 1 }. 2, 2 J, and 3 inch thtcknesM^ 
A quarter of an inch is rwuired for each face planed from the rough, and they are sanded 
in addition afterwards. The best quality Bangor slabs can be obtained in sizes rarying 
from 4 to 6 feet long, or from 2 to 3 feet wide ; and from 6 to 8 feet long, or from 3 to 
3 feet 6 inches wide. The second quality slabs, quarry planed, are under 6 feet long or 
3 feet wide. 

221 Ig. The purposes for which slate slabs are now used are multifarious. Amongst 
them are : cisterns (PlumbbbtI from f inch to 2 inches thick ; sinks of inch ^ 
inches deep inside, either boltea together as cisterns, or with flush ends, pinned both side^ 
and screwii ; troughs ; filters ; baths, 2 feet wide, 2 feet high, 4 feet 9 inches at bottom and 
6 feet 9 inches at top, all outside dimensions, of plain slate, sanded inside, or enamelled 
self-colour inside, or enamelled Siena marble inside, and so on ; urinal back and divisions, 
plain or enamelled, fitted with angular earthenware basins, flat back basin, hollow back 
cradle basin, square basin, or with slate apron only; linings to damp walls ; panels of doors ; 
table tops; billiard tables ; shelving to dairies and pantries ; fittings for wine bins, with 
permanent or With movable shelves and ledges ; steps; and landings. 

221 Ir. Enamdied date. — Slate, as just shown, has a surface of paint put upon it, for 
utility as well ns appearance. This can be either plain, or marbles and granites can be 
represented to great perfection. Several coats of paint are applied, and polished, and 
dried in a kiln at a great heat. The Kingston Enamelled Slate Company base tboir 
reputation on all their enamel work being imperishable. First, the slate has to be finely 
surfaced to receive the body colour, after which it is placed in a proper stove and burnt 
or baked in three times, the process being repeated each time, and rubbed down with 
pumice between each, then a coat of enamel is placed thereon; finally, it is subjected tO 
a high polish obtained by hand friction. It is claimed that by this process a near 
resemblance to marble and granite is gained; that the depth of body of enamel 
procured renders it imperishable; and that it has an extremely high polish of the surface 
when finished. Cheap work is not lasting. 

221 Itf. Thatching is an admirable covering for securing warmth in winter, and coolness 
In summer; but it is subject to injury by biids, and to risk from fire. It was much used 
for churches in Norfolk and Suffolk {fig, 70 1».). The thatcher requires a common 
stable fork, to toss up the straw together before being made into bundles; a thatch r's fork, 
to carry the straw from the heap up to the roof ; a (hatcher's rake, to comb down the straw 
straight and smooth ; a knife, or eaves' knife, to cut and trim the straw to a straight line ; 
a knife to point the twigs ; a half glove of leather, to protect the hand when driving in the 
smaller twigs or spars ; a long flat needle; a pair of leathern gaiters to come up above the 
knees, used when kneeling on the rafters ; and a gritstone to sharpen the knives. Wheat 
litrawJasts from 15 to 20 years; and oat straw about 8 years. Heed thatching, as done 
in t^HI West of England, is the truss after the ears have been cut off, leaving the clean, 
sound piM straw, of which a thicjtness of 3 inches is kid on the common thatching with 
spars only. The materials required are straw or reeds, laths, nails, withes and rods. A 
load of ttraw, laid on about 12 to 16 incites in thickness, will do afqflare and a billf; 
A bundle of oak laths, 1^ inches wide, and from ^ to |ths thick, nailed about 8 inches 
apart, 1 square ; a hundred of withes, 3 squares ; a pound of rope yarn, 1 square ; 1^0 
of rods, 3 squares ; and hundred of nails, 1 square. - The fish-house at Meare, Somer- 
setshire, of about the midale of the 14th century, still retains its thatched roof. Probably 
thatched rco^s were ornamented by a species of cresting, for in some parts of the country 
the withes or willow twigs that bind the thatch are sometimes arranged ou the tops of 
neks and cottages in an interlacing manner, terminating with a spike with a rudely 
formed cock. Viollet-le-Huc alludes to the custom of forming the ridge in mud, in 
which plants and grasses were inserted to prevent the earth being dissolve and washed 
away by the min. 
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Sect. VII. 

PLUMBERY. 

^19. The plomber hmt but few working tooli;, for the fuoilitjr with whieh the metal in 
‘^which he works is wrought does not render a variety necessary. The principal are— a heavy 
iIkmi hammer^ with a shoH but thick handle. Two or three diflTerent sized wooden 
and a dreuing and flatting tool^ wliich is made of beech wood, usually about 18 indhes long 
and inches square, planed smooth on one side, and rounded on the other or upper side. 
It is tapered and rounded at one of its ends for convenient grasping by the workman. Its 
use is to stretch and flaLten the sheet lead, and dress it into the shape required for the 
vrarioud purposes whereto it is to be applied, by the use of its flat and round sides as 
wanted, liie jack and tryiag planet, similar to those used by carpenters, for planing 
'straight tin* edges of tiieir sheet lead when a regular and correct line is requisite. They 
also use a line and roller called a chalk line, for lining out the lead into difl'erent widths. 
.Their cutting tools are chisels and gouges, of ditfcreiit sizes, and cutting knives. The latter 
are for cutting the sheet had into strips and piices to the division marked by the ciralk 
line. They use also flits of different s'zes for making cistern heads to pipes, for pumpwork, 

, & 0 . For the purposes of soldering, they have a variety of different sized grazing irons^ 
which are commonly about 12 inches long, tapered at both ends, the handle end being 
turned quite round to allow of its being held firmly in the hand whilst in use. 'Ilie 
opposite end is spherical, or more usually spindle-shaped, and propoi^ioned to the different 
situations for which they are required. The grazing iran is heated to redness when in use. 
The iron ladles are of three or four sizes, and used for the purpose of meltii>g lead or solder. 
The plumber’s measuring rule is 2 feet long, in three part^ each of 8 inches. Two of the 
h gs are of box-wood, and the third of steel, which is attached to one of the box legs by a 
))ivot whereon it turns, and sliuts into the other legs in a groove. The steel leg is useful 
for passing into places which the plumber has to examine, into which anything thicker 
would not easily enter, and it is often used also for removing oxide or other extraneous 
matter from the surface of the heated metal. The plumber moreover is provided with 
centre hits of all siz^, and a stock to work them in, for perforating lead or wood where pipes 
are to be inserted, as well as with compasses, for striking out circular portions of lead. 
Scales and weights are also in constant requisition, as nothing done by the plumber is 
chargeable till the lead is weighed. 

2213. 'Fhe method most commonly adopted in laying sheet lead for terraces or flats, is 

to place it on a surface as even as possible, either of boarding or plastering. If boards are 
employed, they should be sufficiently thick to prevent warping or twisting, which, if it 
occur soon, causes the lead to crack or to become unsightly. As sheets of lead are not more 
than about 6 feet in width, when the area to be covered with them is large, joints become 
necessary, which are contrived in various ways to prevent the wet from penetrating. To\ 
do this, the Itest method is that of forming rolls, which are pieces of wood about 2 ipclietl 
square extending in the direction of the joint, planed and rounded on their upp^ side. 
These being fastened under the joints of the lead between the edges of the two» fleets ^ 
which meet together, one is dressed up over the roll on the Inside, and the other over both 
of them on tlie outside, whereby all entry of the water is prevented. No fastet^ng is re* 
quired other than the adherence of the lead by close hammering together and down on the 
fiat : indeed, any fastening would be injurious, as by it the lead would not hm\e free play 
in its expansion and contraction from heat and cold. When rolls are u&ed, the rule should 
be specially enforced of turning the open sides or Inps from the south-west, west, or south, 
wherever practicable, so as to ensure the lap from being forced up hy the wind, and tliereby 
the water consequently blown in. If rolls are not employed, which from their projection 
are in some cases found inconvenient, seams are substituted for them ; but they are by no 
means equal to the roll either for neatness or security. They are formed by merely 
beading up the two edges of the lead, and then over one another, and then dressing them 
down close to the flat throughout their length. Though some solder the joints, it is a had 
praotioe, and no good plumber will do it, for the same reason as that just gixeo m respect 
of fastenings in flats. as we ll as a giU ter. should be |ftid with a fall 

diT* A quarter of anincli inlTToot is sufficient in clination forlgjSj^ if the sheets be 20 feet 
long, 90 that in tlTis case iliey will be 5 inches at "one endTFiTglierthan at the other. Tliis 
giving a current, as it is called, is usually provided for by the carpenter previous to L«ying 
tile lead. 

2214. Round the extreme edges of flats and gutters where lead is used, are fixed pieces 

of'iiiilled lead which are called When the lead work is bounded^ hy u wall af 
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brick or stone work, the flashings are passed on one edge into and between a joint of tlie 
work, and the edges of the flat or gutter lieing bent up, the other edge of the daslitng ts 
dressed over it. If there be no joint into which the flashing can be inserted, it is fastened 
on that side with wall hooks {par, Drip$ in fiats and gutters are used when the 

length of the gutter or flat is greater than Die len^li of the sheet of lead, or sometimes ibt 
convenience, or to avoid joining lead by soldering it. Some architects place them every 
6 or 8 feet, which however good in a box or parallel gutter, it raises an ordinary gutter 
too much, and causes great width of lead at the head, Tiiey are formed by raising one pari 
tbove another, and dressing the lead round, as has been described for rolls. No sheet 
ifioiild be laid in greater length than 10 or 12 feet without a drt/i, to allow of expansion 
and contraction. Small eUtttm* are often sunk in gutters to collect the water before |)assing 
o6f into the head of the down pipe. The cistern has usually over it a perforated lead rest, 
to prevent dirt, leaves, &o. passing down with the water. 

2215. The work of the plumber is estimated by its weight and the time employed in 
fixing it 

2215a. The thickness of sheet lead varies from 5 to 12 lbs. in weight to the superficial 
foot and is used in covering large buildings, in flats or slopes, for gutters the hips, ridges, 
and valleys of roofs the lining of cisterns dec. I'hus 7lt). lead is commonly used for 
rot)fs, flats and gutters ; it is the least thickness in which bouing can be properly done, 
8lb lead is a better quality for all these purposes. 6lb. lead is used fur hips and ridges; 
tills is the thinnest quality for such purposes. 5lb. lead is used for flashings It is said 
that 16ll). lead was used on the earlier mediaeval churches. The following thicknesses, 
obtained from Hurst, Surttgor** Hindbookt may be compared with the Biimingham Wire 
Gauge given in par, 2254, Sect. x. 

Table 1. of the Thickness and Weight or Lead, per Superficial Foot. 


Thickness ... 

or Decimal lucli - 

•0625 

4 

*125 

ft 

•1875 

•25 

A 

•3125 

1 

•375 

ft 

•4375 

i 

■s 

Pounds - - - - 





lS-542 

22-250 

25 958 

29 667 

Tliickmss' - - - 

or Decimal of an Inch - 

ft 

•5625 

i 

•625 

•6875 

Y 

•75 

•8125 

i 

•875 

t8 

•9375 

Inch. 

1-0 

Pounds - - - - 

33-375 

37*083 

40 792 

44*500 

48 208 

51'917 

55-625 

59-333 


Table II. or the Weight and Thickness or Lead, per Foot Superficial. 


— 

Thickness 
in inches. 

Weight in 
Pounds. 

Thickness 
ill inches. 

Weight in 
Pounds. 

Thickness 

In inches. 

1 

0017 

6 

0 101 

11 

01 86 

2 

0 034 

7 

01 18 

12 

0 203 

3 

0051 

8 

0*135 



4 

0 068 

9 

01 52 



5 

0*0 5 

10 

0 169 


1 


\ ^ 

22156. Lead is generally cast about 7 feet w'ide and about 23 feet in length, but its' 
width and length depend upon the margin which is cut off after casting, as the scum, &c,, 
is driven to those parts. This may reduce it about 6 inches in width and 18 to 24 inches 
in length. Lead is now cast to the above-named weights, and also bare,** according to 
the directions of the contractor. The architect, to do justice to his employer, should care- 
fully ascertain for himself the weight am.1 sixe of the sheet of lead from which the piece is 
cut It is usually marked or painted upon it A small piece is not a true test either for 
weight or gaugi‘, and the edge is sometimes out oa a bias. The best direction is that U 
should weigh over the weiglit specified. 

22 IG. A hundred weight of sheet lead will usually cover on a platform, roof, gutter, &o. 
at 4 lbs. »28 ft. ; 5 lbs. »22 ft. 5 ins. ; 6 Ilw = 18 ft. 8 ins. ; 7 lbs m 16 ft. ; 8 lbs. » 14 fi. ; 
9llv a 12 ft. Gins. ; and 12ibs.»9ft. Old lead weighed for recasting has geiieimlly js 
deduction made of 6 lbs. per cwt. for waste, &c. 

2217. I.ead is used to J^ien iron cramps, posts, and bars into masonry by filling tip tftp 
Mvitics between them. of thin lead are sonietimes placed between tbe drums of 

OpIUQins (par. 1925a.), as in the bed joinU of wrought stone arches, to distribute 
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the pressure between the < 610068 . Lead work treated ornamentally for ridges, and hips 
of roofs, knobs, Taoes, &c., as during the mediaeval period, is superseded in the present 
day by cast and wrought iron, and by zins work. (BuUder, 1866, p, 410.) The skill of 
the plumber is brought to action in, among other things, eaves and other gutters, flash- 
ings and valleys, hips to flats or platforms, hatches, windows, and domes ; also rain- 
water pipes, waste and soil pipes, water-closets, baths, cisterns for hot and cold water, 
basins or lavatories, cabinet stands, sinks, urinals, pumps, the hydraulic rsm, syphon 
and other traps, &c. Many of these will 1^ found treated herein, and more in detail in 
Buchan, Humhing, 8vo., 1876. This section includes many articles which should per* 
haps have come under BfiiCKLATSs and Fovmdeb, but would have caused repetition. 

WATER SUPPLY. 

2218. Water is obtained by various means. The aqueducts of the Romans hare been 
previously described. In England, the chief means of supply, according to locality, is (1) 
by pumps from springs and wells ; (2) by water companies; and (3) by the hydraulic ram. 

2218a. Modern sanitation has put down surface wells in towns and cities It has 
been found that the quantity of saline and organic matter in two gallons of water from 
certain wells in London ranged from 26 63 grains to 129*73; while that of the New 
River water had but 17T6 grains. Solid matter in these wells ranged from 50 to 
100 grains, and some to 130. As most of these waters were bright and ^parkli ug, and 
had a cool and agreeable taste, they were much sought after for drinking purposes ; but 
the coolness and briskness are dangerous, for they are both derived from organic dec^y. 
According to Dr. Letheby, the dead and decomposing matters accumulated in the soil are 
partially changed by a wonderful power of oxidation, and thus converted into carbonic 
acid and nitre. This, although frequently drunk without any apmrent injury to health, 
yet the products of such corruption admitted into the human body must vause insidious 
mischief, while, if the impurities of the soil pass unchanged into the water, quick and 
certain injury must result. 

22185. As the plumber finds and fixes the for the supply of water to a dwell- 

ing in some localities, a description of the three sorts commonly used, namely, the 
lifting ^ the common^ and the /orce pump, will be here given. 

2218c. Fig, 804. is a diagram of a lifting pump. ABCD is a short cylinder suW 
merged in the well or other reservoir, whence the water is to be rais^. In this 
cylinder a valve is placed at x, above which the pipe or tube CE 
is carried upwards as high as is requisite for the delivery of the 
water. In the cylinder AD a water-tight piston, cd, moves 
vertically, being worked by rod or framework, m, n\ to this 
piston is fixed a valve at v, opening upwards. On the descent of 
the piston the pressure against the water opens the valve v, and 
the cylinder between the two valves is fil'ed with the water. When 
the piston is then raised, the water between the valves being 
pressed upwards against the valve x^ opens it, and is driven into 
the tube C£, from which, on the renews descent of the piston, its 
return is intercepted by the valve x. The water follows the 
piston in its ascent by the hydrostatic pressure of the water on the 
reservoir outside the cylinder ; and on the next descent of the 
piston the water will again pa^s through the valve v, and will be 
driven through the valve x on its next ascent. In raising the 
piston a force is required sufficient to support the entire column 
of water from the valve v to the surface of the water in the tube 
OE. To estimate this, the weight of a column of water is taken, 
whose base is equal to the area of a section of the piston, and 
whose height is equal to that of the surface of the water above 
the valve v m the tube CE. Hence, after each stroke of the pump, 
the pressure on the piston and the force necessary to raise it will F)s< 6 4 . 

be increased by the weight of a column of water whose base is the horizontal section of 
the piston, and its height equal to the increase which the elevation of the column in OE 
reoeives from the water driven through the valve x. WW is the level of the water in 
the well. 

221 The common household pump, or, as it is usually called, $ttction pump 
{fig* 805.), is nothing more than a large syringe connected with a tube whose lower 
extremity is plung^ in the well from which the water is to be raised into the cistern 
MN, and delivered by its gravity at the nozzle s. The tube SO is called a suction pips ; 
its end in the well is at 0, which, for the purpose of preventing the ascent of soHd 
imp^ties, that might choke the pipe and impede ite aouon, is pierced with holes like a 
strainer. At the upper end of this suction pi|>e is placed the valve x in the flange 
maing upwards. At this place the tube is connected with another, BO, whi& 
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)aeti at a great syringe, and in whi6h works a jpist'>n oi, worked by the (nston rod ab) 
lutring a valve at v, aiso opening upwards. The piston is worked alternately upaardd 
and dowDwaitls in common pumps by a lever called the bra^e, 
but it may be worked in many ways. In the figure, W is 
the level of the water. At the commencement of pamping, 
as soon as the syringe ABOD exhausts the air by the upwarl 
and downward action of the piston cd^ the pressure of the 
air in SO being diminished and rendered less than that on the 
surface, the water in the well will rise in SO by the atmospheric 
pre sure. The valve x should on no account be more than feet 
above the level of the water in the well. The cistern MN at the 
top is placed for the purpose of affording an unintermittent dis- 
charge of the water by holding more than the whole aocumn- 
latioD of water, which is contrived to bo ^ratter than the spout or 
nozzle will discharge. 

2218«. The forcitig pump {fip. 805u.) is a combination of the 
common suction and lifting pumps. CEFl) is a suction pipe de- 
scending into the well, and at its top is the valve V, opening 
upwards. The pump barrel, ABCD, has a solid piston cd, whose 
rod 18 ah, without any valve. From the side of the barrel, just 
above the suction valve V, a curved pipe proceeils, communicating 
with sn upright cylinder or force pipe, GH, carried to su'h 
height as the water is intended to be raised. At the bottom of 
this cylinder is placed the valve V', opening upwar s. At the 
commencement of working, the suction pipe CDEF and the 
chamber between the piston and valves are filled w th air. When 
the pist m descends to the valve V, the air enclosed in the latter 
chamber becomes condensed and opening, theref »re the valve V', 
a part of it escapes through it. On raising the piston t he air below 
* it becomes partially exhausted, and that in t^e suction pipe, 

opening the valve V by its greater pressure, expands into the upper chamber. A part 
of this is expelled when the piston next descends, by means of the valve V'. This 
action is similar to that of an air pump or exhausting syringe. 
Whtn by the repetition of this action the air is sufificiently 
exhausted, the atmospheric pressure upon the water in the well 
causes the water to rise there 'rom through the suctiou pipe 
and the valve V, into the chamber between the piston and tlie 
valves. When the piston next descends it presses on the sur- 
face of the water, and the valve V closing prevents the return 
of the water into the suction pipe, while the pressure of the 
piston, being transmitted by the water to the valve V', o^ens 
^ it, and as the piston descends, the water passes into the force 
pipe GH, and so on. By repeating the action the quantity of 
water in the force pipe increases, receiving equal additions at 
each descent of the piston. This force pipe may be peipen- 
dicular, oblique, or horizontal ; for in each case the water will 
be propell^ through it. A column of water suspended 84 feet 
in height in the force pipe will press on the base of the piston 
with a force of about 16 lbs. for each square inch; and the 
pressure at other heights will be proportional to this. Thus the 
force necesFary to urge the piston downwards may alwa\ s he 




5d. The valve V' is closed in drawing up the piston, and it then relieves the piston 
) weight of the incumbent column. If the valve V is opened, the piston is subject 

..... ..a........... a. ....I- DA£. \ i _ 


UP 

Flc.8'5a. 

calculated, 
from the 

to the same pressure as in the suction pump(^y. 806.), and this is equal to the weight of a 
column of water ruised above the l^vel of the water in the well. When the he'ght of the 
force pipe is equal to the length of the suction pipe, the piston will he pressed upwards 
aud downwards with equal forces ; but when the height of the foi’oe pipe is greater or 
less than the length of the suction pipe, the downvrard pressure must ^ greater or less, 
in the same proportion, than the force which draws the piston up. 

2218/. The supply of water by the force pipe through the valve V' is evidently inter- 
|uittent, being BUS pend tsd during the ascent of the piston , hence the flow from the point 
of discharge will be subject to the same intermission if means be not taken to counteract 
such effect. A cistern at the top of the force pipe as already shown for the sustion 
pump, would answer the purpose ; hut it is found more convenient to use an apparatus 
c tiled an a»r {fig, 8056.). in which immediately al-ove the valve V' a short tube 

eomthunicates with a strong close vessel MN, <*f sufflqient capacity, through the top 
jrhtreof the force pipe GH passes, and descends to ne^ the hottom. the puhip 
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is in hclion the water is forced into this air vessel MN, and when its surface, as at ww, 
rises above the month H of the force pipe, the air in tlie vessel MN is confined above the 
water ; and as the Water is gradually forced in, the air, being compressed, acts with 
increased elastic force on the surface of the water. This pressure 
forces a column of water up the pipe HG, and maintains it at an 
elevation proportional to the elastic force of the conden»>ed air. 

When the air in the vessel MN is reduced to half its original 
bulk, it will act on the surface of the water ww with double the 
atmospheric pressure; meanwhile, the water in the force pipe 
being subject to merely once the atmospheric pressure, there is 
an unresisted f tree upwards equal to the atmospheric pressure 
wh'ch sustains the column of water in the tube, and a column 
34 feet high will thus bo sustained. If the air is reduced to 
one-third of its original bulk, the height of the column bub- 
taine 1 will be 68 feet, and so on. If the force pipe G were made 
to terminate in a ball pierced with small holes, so as to form 
a jet d'eau, the elastic pressure of the air on the surface would ] 
cause the water to spout from the hoh s. 

2218^. In the formation of all p .mps the parts should be nicely fitted, and as air-tight 
as possible, otherwise, in using them, much of the power employed will be lost. All ex* 
pedients which tend to this gieat desideratum are of value. The joint CD, figs. SOS and 
805a, is especially fiable to leak if not wtll fitted. The variety of pumps now made is 
very great, although they are all formed on the principles first explained. The architect 
ha<l best select the manufriciurer, and learn of him the make and powers of the article 
required for the proposed purpose. Nearly one hundred varieties are shown in Messrs, 
Tylor and Sons’ Illustrated Catalogue for 1886, 14th edition. They consist of a pumping 
apparatus for public thoroughfares, with cast iron cased well-engine frames, with fiy 
wheel and with one or two handles ; pillar well-engine frame and single or double 
cranks ; the same with wheel and pinion to decrease labour ; rotary action, fixed on 
pUnk ; horse wheel frame, for horse power, and others applied to steam power ; pumps 
for artesian wells ; lift-pump; vibrating standard lift-pump; and rotary action lift-pump, 
all on planks, &c. j . , • 

2218A. The Pulsomter is a patent pump, of great service for foundation and binking 
work of all kinds, and for general pumping work ; skilled attention is stated not to be 
required, and it will pump thick gritty water. Norton’s and artefcian tube 

wells and pumps are of much service for large and pui’e water supplies from shallow or 
deep sources ; they are also called driven tube wells, 

22182. The Aqueous Works and Diamond Hock Boring Company, Limited, by tlieir 
method of using black diamonds (cr carbonate), are able to bore through hard strata, such 
as granite ; they drive a tube lor a well say 25 feet deep ; or to a depth say’ of 1144 feet, 
having a bore hole 9^- inch diameter ; or in the case of minerals even to a depth of 1906 
feet, as at Battle in Sussex. 

22 18 At. As to water supplied by a company, it will only be needful to refer to the 
quantity, and to the two systems : I. the ordinary pressure ; and II. the non-intermittent 
or constant supply. A Parliamentary return issued about Midsummer, 1866, states that 
the New River Company supply was equal to 209 5 gallons per house per day ; oi, 
taking each tenement to bold five persons, it was equal to 41*9 gallons per individual per 
'day. The dai^ supply of water to the metropolis in 1866 by all the companies was 
nearly 93 millions of gallons, or at the rate of rather more than 200 gallons per house, or 
over 30 gallon* per head. In 1887 the metropolis wns supplied by eight companies. 
The East London supplies a populaiion of 1,180,000 persons ; the j“P***^* 

1,125,000; the SoutWark and Vauxhall, 800,000; the Lambeth, Wwt Middlesex, 
Grand Junction, and Kent, 600,000 each; and the Chelsea, 260,000. The daily lotal 
supplied is 179,600,000 gallons, for a population of 6,350,000, being an average of rather 

over 33 gallons per head, and ranging over 726,912 houses. 

2218/. It may be useful to note that the non-intermittent system, or constant supply, 
has been adopted at Manchester, Nottingham, Derby, D^haro, Leeds, Dundee, Glasgow, 
Ipswich, Chatham near Rochester, Wolverhampton, Bristol, &c.; the two last are de- 
scribed in Oresy’s Encydopadia of CivU Engtneenng. At all these pla(^ the result 
appears to be satisfactory in every way, both to the water companiea and to the con- 
sumers, At Hitchin the average daily consumption was 236 gallons 
.€roydcai, at one time 600 ; Whitehaven, 260, or 60 per wrsou ; York about 200 ; Juieter, 
,120; while at Bristol, Rugby, Sandgate, and Banic^ Castle, the waste was so great 
the snpplyr became inadequate. Nottingham had only 20 gallons per person, an 
vJDurbam 20 to 26. In America, New York has 90 ^llons per per^ ; Boston not less 
.-than 66. In 1884 it was stated that, taking the daily consumption of wat.r m ^ndon 
29 eOlotis per head, in Paris it was les*, ubile at Berlin it was but 20. At Detroit, 
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Ki'^iugan. it was 100; while at Chicago aad Washington it was 119 and 166 gallons 
respectively. 

2219. The third mode of obtaining a supply of water is by the hydraulic ram. It is 
more available in the country on account of the noise caused by the continual clicking of 
the valve. It is a simple self-acting machine for raising water into a cistern or tank, 
where a fall of water can be secured from a stream, or other source. Once set in motion, 
it will continue to work as long as it is supplied with water, or until the wearing of the 
iron valve disables it. A fall of only 5 feet to the ram will enable it to supply a tank 
60 feet higher than the source and 2,000 yards distant. Much of our present information 
on the subject of supply of water was known to the Romans, and is carefully described 
by Vitruvius in Book VIII. of his work. 

JVater Closets, 

2220. It is unnecessary to describe at length the machinery of a water closet. The 
principle on which Uie usual apparatus is formed is that of a head of water in a cistern 
placed above it, which by means of a lever attached to a valve in the cistern allows a 
body of water to rush down and wash the basin, whose valve, or pan, is opened for the 

discharge of the soil at the same moment that the 
water is let down from the cistern (par. 2228a. de- 
scribes the cistern). Bramah’s patent was among the 
firet ; Underhay’s among the latest, which does away 
with wires and cranks, the supply pipe being con- 
stantly filled with water. The student will obtain by 
the inspection of a closet a far better notion than words 
or diagrams will convey. The apparatus of a water 
closet has also been made self-acting, either by opening 
the door of the closet, or by lifting or depressing the 
seat of the apparatus, for the more modem flush 
closets it is generally necessary to pull a chain, which 
allows a certain quantity of water to flow from the 
cistern by a valve, or from a water-waste preventer 
(par. 2223/.), into the pan, and so wash out the foul water. 

2220a. Notwithstanding the many forms of water closet apparatus, nearly all of them 
may be classed under four heads. I. The old pan apparatus (Fig. 806,), where the water 

IS retain^ in a pan, which is dis- 
charged on drawing up a handle, into 
and through a “ container,” and thence 
by a short pipe into a trap, called from 
its shape a Q trap. This form was 
considered to be so objectionable from 
the occasional deposit in the container, 
that under par. 69 of the Bye-laws 
as to New Streets and Buildings, 
issued by the Local Government 
Board, “ be shall not construct or fix 
under such pan, basin, or receptacle, 
any contniner or any other similar 
fitting;’* and “ he shall not construct 
or fix in or in connection with the 
water closet apparatus any trap of the 
kind known as a D trap.” The 
** Banner system” has introduced an 
ordinary pan closet improved, and also 
a patent closet with a pan, both with- 
out traps. 

22206. II. The valve a^^ratus 
(flff, H06aX is now generally ^ed in 
the houses of the better classes. On lifting the handle a valve or flap is let down into 
the pipe, when the soil descends through it at once into a syphon trap. The water 
is, however, only kept in the basin by the doseoess of the fit of the valve and its 
seating, or bottom of the basin. Any ^ht corrosion, gnt, hair, soapy slops, or paper, 
not washed through, causes the valve to fail to close properly ; the water then escapes, 
the basin is left in a state unfit for use, and smells arise which the valve is intended to 
prevent. Hayward Tyler and Co. make valve closets with copper bellows or brass 
regulators. Adams’s improved elastic valve doset, with brass or bellows regulator. 
Warner’s patent valve dosets. StiddcFs improved valve doset, with patent ovsrrow trep 
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and rentilating ^nnction oombinad ; also bis patent Siatnm traplesa closet ; and his 
^tent London side outlet ralre closet 'Banner’s Neatort JsXaaUo^ SimpleXt and 

Twin ba^in ralve closed. Buchan’s (Edinburgh) patent sanitary c-oset, whereby 
DO sewer smdl mn pass into the room, even when the handle is pulled up. When tl>e 
closet valve is lifted, the water falls in full volume direct into the soil pipe, pressing all 
the gas before it, and causing a sj?phonage that sends the whole contents in one body to 
the drain. There being no trap under the valve, the soil pipes are scoured and kerv (‘te in.” 

222 O 0 . 111. This class comprises the hopper wat^r closet, or dusbing 
basin {Jiff, 8066 }, which is simply a basin or pan tinisbod with a syphon 
trap at the bottom, without any further apparatus than thst which admits 
the water to flush or wash it out. Thtse pans require the addition 
of a pail or two of water poured down occasionally to help the clearing 
of dirt and paper. They are popular for servants* closets and for cot- 
tage and common use, but require occasional cleaning out. One of 
the most simple pans is that called ly Messrs. Boulton the enamelled ri»e.»wi6. 
stoneware closet pan^ figure d, which, with pan and syphon trap complete, is sold at 
3s. 9d. each. This class includes Adams's hopper pattern closet, with flushing appa. 
ratus ; Warner’s patent cottage basin and trap ; Stidder's household closet ; and others, 

2220d. IV. includes a senes of more modern contri- 
vances, invented for the purpose of obviating certain defects 
in the others. They are c«Uled the wask-out basin or 
closet {fig, 806c.) ; but many still retain the chief defect 
in the carrying down of the discharge into another recep- 
tacle, or trap, below, or at the side, only partially out of 
sight, and not always with a sufficient flushing power each 
time it is used, especially where only a small “preventer” 
is allowed. Among the many patortts of these closet pans, 
are Bostell’s Excelsior; Woodward’s Excelsior; Winn’s 
complete sanitary closet ; Twyford’s National ; Sharpe’s 
patent pan basin ; Winn's free flushing basin and trap ; 
vVoodwaid and Rowley’s wash-out closet ; Adams’s wash- 
out pattern closet, with flushing apparatus ; Stidder’s Tor- 
rent water closet ; Banner’s patent wash-out closet {Jig, 8 O 60 .), &C, 

2220s. The Merits and Demerits of Varmis Kinds of Water Closets »» General Use, by 
B. Emptage, is printed in the Sanitai*y Record of October 16, 1883, p. 187. The figures 
above of these closets are obtained from Br. Corfield's Laws of Health, 8vo., 1887. 

2220/. A protest has been often made against the continuation of the general mode of 
fitting up a water closet with a seat, lid, and riser, cr enclosure, which too often proves 
to be all fair without but foul within. Probably not one of them when teken down but 
would disclose a state of things, as regards cleanliness, as foul as any drain; espe- 
cially BO, when the closet has been used for disposing of bedroom slops in contravention of 
all orders. The lead safe gathers the overflow which will occur, as the servant cannot 
hold up the handle at the same time as she empties the pail ; and unless it has a fall to 
the waste pipe (if there be one), it lies there to dry up and annoy the house with the foul 
smell. Often this waste pipe passes into the trap or into the soil pipe, making matters 
worse. Hence the admirable arrangement put forward by Doulten and Co., in the Lam- 
beth Combination closet, which has the basin and trap made in one piece^ of stoneware 
decorated, so that the customary riser is unnecessary ; it stands on a finished wood or 
tiled floor; the seat being made to lift up, it forms a slop sink. The Desideratum closet ; 
Qildea’s closet, are others. Twyford’s special water closet basins, which comprise the 
Unites, the National side outlet closet and trap; while the /fon^ outlet 

closet and trap is a variation of the former one. The Crovm sanitary closet basin and 
trap is a cheap and simple apparatus. The Farnley sanitary closets comprise tile TVinal, 
Universal, National, ana kimplex, each in one piece, with or without trap and ventilator. 
Warner’s improved London open water closets, combining in an elegant form a water 
closet, slop sink, and urinal, well trapped above the floor line. Shankses patent Tuhale,nA 
Citizen water closet with hing^ seat, &c. Shanlu and Co.’s patent system of combined 
closets and cisterns, ^here the closet is in one piece of enamelled stoneware, having a 
very laiw inlet horn made with the closet. CJn it is seated a single or double valve 
cistern, having a correspondingly larp outlet valve, which from its sise gives a flush 
compensating for the lacK of the usual height, and washes out and replenishes the basin 
fully. Banner’s HoVbom combination water closet. All these require an inch-and-a« 

n ter pipe from the cistern, or two gallon syphon eistem or water-waste preventer, for 
ing purposes. 
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2220^. Traps to water olomt pans eoasist df the old-fashioned and ti^^oildoninai 
O trap {Jig. 806d.)» vith its dip pipe aisar one side of it; the -q trap; si|d the 0 

syphon trap. These two last are now geileralljr used. Hellyer 
malsir# patent east lead V dip trap, or*'* anti-O ** trap as it 
was about 8 lb. sheet lee^ It is as self«clMMiSf«g 

as all syi^hoaSi nod leaves' no^mers for lodgment of dirt 
This h^ an ^ pipe on the top of the **onbrgo** portion of 
the trap, whieh may be a useful addition. f 

2220^ The traps themselves must be ventilati^ to prevoo 
sypbonage ; tiiey may be unsealed by the momentum of any 
Fis. 806 ii. discharge passing through the trap itself^ and by the pas* 

sage of a considerable quantity of water through a pipe with which the trap is connected. 
The passage of this water causes a momentary vacuum, by means of which the water is 
sucked out of the trap. 

2220». The question has been raised, why should the water closet be trappetl if the soil 
pipe bo kept wwntilated and trapped? There innst always be some portion of the refuse 
matter adhering to the inside of the pipe, even if there be good and constant flushing ; 
hence the advisability of trapping it. 

222(1?. The importance oi’jgoaA stench traps to drains is not to be overrated. The nsua) 
iron bell trap^ as supplied to a sink, or let into a pavement, is sufficient as long as the bell 
remains perfect. Tye and Andrews manufacture a good new patent sink irap\ Cottam 
has also a cast iron trap or effluvium interc ptor’* Beard and Dent have patented a 
cast lead pipe trap of 2 and 4 inches diameter, and claim for it that it is of pure and solid 
"‘-jfltead, without solaer or seam of any kind ; as clear inside and out as any pipe made by 
^iliydraulic pre«isure ; of a perfectly regular substance throughout ; and that, being com* 
'posed of one metal, it is not subject to expansion, nor liable to be uffiected by the gases, 
'"w(Jiich tend to destroy the ordinary trap. Jennings's “Du Bois” drawn Iea4 traps and 
bends are made by hydraulic pressure, in the same manner as ordinary lead pipes, from 
If to 4^ inches diameter; the inside becomes accessible for cleaning by a screw tap at 
the bottom of the bend. All these traps only continue effective as long as water rat 
mains either in the cup or at the syphon bend, a fact which is either not known to^ or 
forgotten by, very many housekeepers, who complain of the bad smells from the drains in 
summer timei or after some days of dry weather. Many of such syphons are now mami* 
factured for various purposes in glazed stoneware, which are readily cleaned. Stiff has 
several *‘ sewer air excluding traps,” as t^i^^nterceptor trap^ and the Weaver ventilating 
- trap. Buchani^e patent stoneware dram trap is one of the most useful of the sort. He 

adopted first a trap with a slope down into the syphon, 
but found that a fall was better ; ,he°ce the fig. 806c., 
having a fall of 2 inches for a 4 inch trap, 2^ inch^f 
for 6 inches fully, and 4 inches for 0 nicheS fully; 
Doulton and Co.’s safety sanitary trap (^ienman’S 
patent, 18b6) is for connecting a water closet pan 
with the soil pipe ; no tintiwpped point within a build- 
ing. Adams’s special disconnecting traps. Bmeaton, 
Son and (3k). ’s interceptor tra,p. Banners main drain 
traps, as^the and the Cervsl Bolding's air 

' shaft or disconaectiug tr^, with inlet at top and 
inlet fop easy access to dram for clearing stoppages ; 
his i^oiln^ intercep^ng trap ; and his ** disconnector*'^ for fidnch and 4-inch stooeWiaro 
dt'i^tlia,^“Apri 0 S’s disconnecting receirerjMJ^iyap'for^otts# drains is stated to give: 1. 


i’s disconnecting receirer^d top tor hotts# drains is stated to give: 1. 
_|i[^&cOnneefi<in from the sewer# 2. Thorougn ventilation of drains. 8. Simplicity 
in |3sjiinhl^buse drains. 4. Easy access to drains aqd traps in case of stoppage. 
Conr^iepee Of in any position, irrespective of sewer. 8. A barrier a^ust rata 
no^ilig up ITom m sewer. It is made by J. p^^frards, of Ruabon. 

Chtllg" trape, for taking off water frofo yards qnd from rain-water pip<^ am 
provided of stonmro as w^l as .<ff iroi^ Such as Roldiqg and Son’s simplex gully top, ' 
for yariooB pnrpoafo; si^t g^ed and ^Ivanieed iroii gfistes, square nnd round, some with 
raking inlets. BoUmim’s patent gvlVy receives and disconnects one rain-water pipe and 
three wa|te pipes ; It avoios splashing, veifiilates the pipes and drain, forms a gtilly M 
• drain from a^JA^d or path, and is easy of access for cleaning qnt; the ordinary ^ or m 
trap can be need with and placed at any e|igle ta meet the drain. Adams’s pateift 
street ffuUy and yard tops- Banner’s gu^^ top.- ^ ^ ^ 

22&m. A scouring trap is a late invention ; it appears to possess soinm adtaotages id 
affording a gobd scouring washout and dip to the drain. I&vies’s &o., abqiirc 

described, is for a siitrilar purpose.^ 



Fig. 806 tf. 
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2229m* Wh^ drain trapi are left ^or aome time they should be flashed out and left 
flail of fresh srater, into *which should be placed aome oidtiihry calcium chloride, a by* 
product ^ It obemieai process, and very cheap. Thia is exceedins^y hydroscopic, 
having a great affinity for water. Thus the traps would remain full a[ Irater for any 
length gf time. (Prof. Babcock of Oomdl Universityi U.S.A.) 

2220a* grease trap to catch the melted fat,,^;|imit the kitchen Hkinka, it eonsidered 
a desirable addition, as it tends to prevent the pausing into and stopping the 

drain. There are, several varieties, chiefly of itonelmre. Those readily cleaned out by 
hand are perhaps the best ; buckets, used in some, can scarcely be considered satisflictory. 
Emptying the usual grease trap is one of those many works hi. connection with a honse- 
hola thatralmest amounts to emptying a cesspool, as it is usually Idt and becomes foul; 
this trap is to be avoided if possiblu* It is recommended to be ventilated {Jig, 807e.). 
The best of the number is the patent of Mr. Farrow, the first one introduced as a spoeial 
flgture. Hellyer’s, Buchan’s, ^tifiTs, BoultOD’s, with others, are to be procured. One 
has been devised by Mr. 7. Honeyman, architect, consisting of a shallow box ceased 
with cold water, ana covered with a movable gating resting about half an inch .or more 
below the level to which the water would rise. The cold water would be frequently 
replaced from the service to the sink. The greasy water would adhere te4hb sk&s, ead 
be forced up through the grating for fomoval, and the box, being in sight, would be 
cleaned out as required. Smeaton, Son & Co.’s grease trap ; Adames grease trap only ; 
and his combination grease trap and flush tank ; Durrans’ patent glazed stoneware gully 
and fat trap, by J. C. Edwards of Buabon, is a ca^t iron ,box dropping into the water, 
and removable for cleansing purposes, giving free access to tha drain pipe. 


2220o. The self-cleaning Trough closet, as Adams's patent, is largely used in schools, 
factories, bairacks, workhouses, and other such institutions where a number of personq^ 
ore collected oV employed. It is automatic, having a Field’s self-acting flushing cisteru^ , 
A^t five or more closets, or stalls, are formed over the stoneware trough that com^ 
mnnicates with the drain. The trough is alno made of iron, and is also arranged to be ** 
on laud and disposed of by irrigatioiL These troughs require i>ooasional 
foepeetion and good water supply. 

2220p. BsfereUce has b^en made (pars. 1887&. and 1888k.) to flushing r^uirements. 
TVk these may be OdiMf Adams’s patent automatic flush tank, ** giving an instant start 
with drop by drop supply” ; his patent improved automatic flushing syphon ; his syphon 
eistem for oloseVurinal, &c . ; his flushing valves and penstocks for drains and sewers ; 
Btidder’s patent syphon water flusher ; l)oulton and Co.’8 automatic flush tank ; abd 
others by Jennings and Cq. 

2221. Urinals are made of slate for pUbliO use, of various forms and arrangements. A 
water supply from a self-iftcting flushing cistern, holding from 10 to 20 gallons, arranged 
for a discharge according to use ; about every quarter of an hour is considered sufficient 
to free a much foequent^ urinal from all nuisance. Sometimes water is turned on for a 
time at several hours of the day. White pottery urinals for private use are of all varieties 
and shapes. The overflow pipe supplied to some is not always a desirable addition. 
Boulton and Co.’s improved urinal and lavatory; Adams’s patent lavatory ranges for 
schools, ; and urinal ahd closet erections. J&nning’s urinal erections for two or more 
^rsons. dtidder’s school lavatory and slop sink, as q^sed in tbe Lofldon and other 
Boaid schools. Mounted lavatories for domestic use, Warner and other maoufacf 
ti^reas abova meutioned. 

2222. The use of Earth closets as oUeef theeafoguards against smells from sewers has 

made no headway for large populations, and is beset with practical difficulties. In the* 
Midland and Lancashire tc^wns the pail or tub system has been tnultb more largely intro- 
duced as a substitute fmr the water closet, and it has, from a landlord’s 1^5^, 
many attractions. The^ffirst cd^ as compared wttk that of a water elosel fo I 
the landlord is^ hi most towns, relieved afterwards of all future cost opd ^ 

Whereon iu the caee of water closets in cottage property there is undoidth^y giiw 4 
cul^ in keeping them in good working order, especially during frosts. 
ever,’ many objections to the pail system, nppecially that it appears Uy bee bcitly 
fothe water-carriage syptem, inasmuch os the remainfiiig liquid xefnoe % be 

dealt with by the mndefh syrtdtes qf precipitation or irngam», at the ^ame 

cost as would have been the case n the water-oOrrisge systehs had 1>e^ adopted in its 
entirety by the municipal authorities. ^ 

2222a.' The deposits are at once deodorised by a small quantity of coal ashed o# earth, 
which absorbs the ammonia and other fertilising properties, tor removal tw'the garden 
or field. It may be considered more serviosnUe whefo there is a defluleut water supply 
er a wont of proper drainage, end in eountaf^ rather than in toW^ locoliti^. MaMs 
patent was the invented, MorreWh ^der silting ash closetj^* ind ATeap’s 

patent dry closet^ kh other inventions. The saiin may^ with proper dtying, be used 
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ofer and over again for jeara. Aahes, fine and dry, »8y be used, to obtain whiith there 
is the modem automatic cinder sifter. They are not comaderetT' ^forable to ilie water- 
carriage system, where obtainable. 

TankB and Filters. 

2222h. Haring obtained the source of a water-supply, a tank for a collection for a fanS) 
or a cistern for the supply of a house, are requisite. The former may also be required to 
retain the rain water from the wood, lead, or zinc gutters of the buildings ; water from 
copper glitters is poisonous. The t<mk is usnally formed of brick or stone built in 
cement, and cemented inside, and when of a small size it is domed over, with a man-hole 
for access. If of large size, iron girders supporting slate or stone slabs will form a flat 
covering to it. These should be well jointea to prevent dirt falling in. Painting the 
cement with a solution of silicate of potash is said to prevent the soft rain water 
becoming hard in a new tank. Such a system as the following would be found vezy 
serviceable on many farms having clay lands. 

223L2c, In Venice, the rain water is collected from the rcofs and led into the court- 
yard, where it undergoes a regular system of filtration before il reaches the tank, whence 
It is raised by buckets. The construction to effect this consists of —I. A water-tight 
enclosure. II. A well of dry brickwork in the centre of, HI. A wall of sand, filling up 
the remainder of the enclosure round the well, and serving partially as a reservoir, and 
partially as a filter ; care being taken that no water enters the well but what pasises 
through the sand. The system is shown in the Allgemeine Baueeitung for 1836, pi. 656; 
and in the Transactions of the Institute of British Architects, 1842, p. 187. 

2222^. Another and more simple method is described in the Building NewSt 1862, 
p. 127. A large bole is dug about 9 feel deep; the sides are supported by an oaken 
framework of a square truncated pyramid, the wide base being turned upward. A 
coating of compact clay, 1 foot thick, is applied on the frame with great cate, to stop the 
progress of the roots of plants, as also to prevent ihe pressure of the water. A larg6 
circular stone, partly hollowed out like the bottom of a kettle, is placed therein with the 
cavity upwards, and on this as a foundation a cylinder of well baked bricks is constructed, 
having no inat|i|tices except a number of holes in the bottom row. The large vacant 
space left sides of the pyramid and the cylinder is filled with well scouted 

sea sand. Aitm||Ar corners of the pyramid a stone trough is placed, covered with a 
stono lid pieced 'mth holes ; they communicate with each other by means of a small 
channel made of bricks resting on the sand, and the whole is then paved over. The rain 
water is led from the roof to these four sink stones, and, penetrating into the sand through 
the channels, filters down and passes into the filter itself by the small holes left in tho 
bottom row of bricks. These cisterns get filled about five times a year, and the distribu- 
tion of water is at the rate of about 312 gallons per head. 

2222^. The average annu^ rainfall is 31 inches. Where rain water has to be depended 
upon, a separator has been invented by Roberts, which “ prevents the first portion of the 
rainfall passing into the storage tank. It cants and stores the water when the roof ha8 
been washed by the first rain.” ^ 

2222f, The Bivers Pollution Commiesioners put the several waters derived from various 
sources in the fbllowing order, having regard to their hardness ; — I. Rain water (Sbftest). 

II. Ifpland surface water, IIL Surface water from cultivated land. IV. Polluted river 
water. V. Spring water. VI. Deep well water. VI I. Shallow well water (hardest}. 

^'J'hey consider water at or below six degrees of hardness Jfc be soft, and above that 
number of degrees to be hard. 

2222g, Filters are used for purifying water fur towns, or purposes for which larga 
quantities are required. They are usually formed in England of several layers of sand 
and gravel, gradually increasing in the volume of its j|||tticles in descending ; and in the 
lowest course of gravel perforated tiles are laidi thr^lP which the water flows into tlie 
resen’oirs. The water is supplied on the top, so fls to stand at a depth of from 4 to 6 feet 
over the sand and other filtering media. At the Lambeth Water Works these media 
consist of: I. A layer of sand 3 feet thick. IL A layer of cleaiMksa- shells 6 inches thick. 

III. Fine gravel 6 inches thick. IV. Coarser gravel 6 inches thick ^ V. Vexy coanie 
screened and washed ballast 6 inches thick ; and VI. Herced tiles coi^ng the drains. 
At the Southwark Water Works the filtering media are rather thicber. At Hhll the sand 
is 2 feet thick, and the gravel 16 inches tnick. At York the sand is 4 Ihet tliick, and 
the gravel 4 feet thick. At Faisley the sand is 2 feet thick, and the grat^ only flinches ; 
but the upper part of the mod is mixed with animal charcoal. LochI conditions must 
regulate the proportion of these materials, for the thickness of the sand mnet be increased 
according to the impurity of the prater. When the water is at all turbid, it is advisable 
to make settling resen oirs by the side of the filtering liosin’i, 'to ^oc^ebt^ the impurities 
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in the first instance. 4 . ne usual yield of filtered water from a basin established um^er 
the preceding conditio^ is about 80 to 100 gallons per foot superficial per day. 

2222^. Dr. Clarke’s approved process for solteoing water is statSed to be by^ding an 
equal quantity of lime in solution to the pure lime of the bicarbonate contained in the 
water. The solution of lime« combines with one-half of the carbonic acid and forms chalk, 
at the san^e time reducing the bicarbonaU to chalk also. Chalk being insoluble, settles 
to the bottom. The Consumers* Economic Water Softening and Purifying Company 
(Limited) has been formed for the use of Atkins’s patents, to adopt the recommendations 
of the Royal Commission on the Pollution of Rivers ; and though several towns of small 
or moderate size had carried out those recommendations by adopting one or other of the 
systems then available, it was considered impracticable for any large town to do so. At 
the Southampton Water Works, the largest works of this sort are now (1888) completed, 
and many other towns are contemplating the introduction of the system. 

2222t. In some places both the chemical and mechanical impurities may be eliminated 
from water by dividing the tank by a cross wall of a filtering stone. Such a stone will 
filter about 60 gallons per foot superficial per day. Chemically, this could be effected by 
causing the water to pass through a diaphragm or cross wall, composed of two slabs of 
filtering stone, placed at a small distance from one another, and filled in with animal 
charcoal or with magnetic oxide of iron. The latter material appears to be the best for 
such water as is collected from roofs, because it parts with its oxygen with great rapidity 
to the rain water, and is susceptible of rapid revivification ; it is also cheaper than char- 
coal. A double wall thus formed ought to pass 100 gallons per foot superficial per day. 
A few drops of permanganate of potash, put into water tasting and smelling of decaying 
organic matter, will render it in a few minutes clear and sweet. A small quantity ot' 
alum tends to render water very pure, by freeing it from matters held in suspension. 
Ransome’s patent siliceous stone is the best material of the kind ordinarily obtainable m 
England. Filters of porous sandstone, as made at Halifax, are recotamended as effective 
and durable. A paper on the subject of filtration, read at the Institute of British 
Architects, 1850-51, by Mr. G-. R. Burnell, and given in the Builder^ ix. 404, deserves 
attention. Household filters, whether for occasional use or for a system of domestic 
filtration of water as it fiows from the cistern, is now often a subject of consideration for 
a tenant and landlord. Among these are Lipscombe’s ; Maignen's patent Filtre Bajpidcy 
with his patent process for softening water by means of the patent Anti^ialcaire ; the 
patent Porous Carbon Company’s material ; Halliday’s patent high-pressure self-cleansing 
filter, which can be attached to the main or supply pipe ; the CMirnherland^Pasteur filter; 
Compound charcoal filter ; Atkins’s patent cistern filter, a pure charcoal block filter ; 
the Queen, which can be fixed to any tap; the patent Moulded carbon block and 
•loose charcoal thorough self-cleansing rapid water filter ; the Grant revolving ball water 
filter, also attached to the tap on a main or service pipe, and is rapid and self-cleaning ; 
and others. 


Cistern and Supply for daily use, 

2223. The amount of water^used varies very much in different communities, but where 
the allowance is scanty disease of various kinds is encouraged by the absence of attention 
to the cleanliness of persons and of thing% the want of sufiicient water to fiush the 
drains, &c. About 10 gallons a head per are required for domestic purposes, includ- 
ing bathing, and about as much more for flushing purposes ; the average amount required 
for trade purposes is generally roughly put down at an average of 20 to 30 gallons a head 
per day. Many towns have a less supply. Where there are large public baths, or manu- 
factories requiring much water, or even a large number of animals, 30 gallons or more 
are required. Rome had probably from about 170 gallons to 300 gallons per head per day, 
but authorities vary. An imperial gallon per man per day appears to be the allowance 
on board a vessel. In stables, each horse should be provided with 16 gallons, four of 
which is consumed with his food. Each four-wheeled carriage takes about 16 gallons. 
Each two- wheeled carriage about 9 gallons. To wash a paved court or passage, a gallon 
of water may be provided for each superficial yard. The available rainfall from roofs in 
England is estimated at 18 inches per annum ; and if the source of supply be only tain- 
fall, a tank capable of holding 4 month s’ collection should be provided. (Hurst, Surveyors* 
Handbook.) Oneenbe foot of cistern will bold nearly 6^ gallons of water ; and a cube foot of 
water Weighs 62^21 lbs. ; a gallon weighs 10 lbs. ; a cylinder inch, '02842 lbs. ; and a 
cylinder foot, 49*1 lUl. ; 36 cubic feet of water equSi 1 ton. The supply for each man, woman, 
and child in a house is reckoned at 16 gallons per day, though it is considered no one 
really uses much more than 6 gallons ; or about 12 galibos, as calculated by Sir W. 
01^, by a fiunily in London. 

^28^ The oietem for a house was originally placed outside, and diade entirely of lead, 
the fhoat of it belflg frequently decorated with devices, either cast with it, or secured by 
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T^aUmg^ i.e., the solderiDg on of embossed figures. Lead cisterns are still in nse, but thej 
are cam irith wood, and placed were most wanted for the supply. No cistern should be 
put where the sun can act upon it, as vegetation in the water sometimes ensues. (l786a). 

2223^^. A cistern is usually made of 1 J or 2 inch memel fir, lined with 6 lb. lead. A 
cover should always be provided. This metal lining is now much superseded by one of 
£>nc, on account of the deleterious efifects arising by the action of pure water on the lead ; 
but zinc can only be trusted as a temporary resource. Slate is a better material for all 
collections of water or other liquids in general use. Care must be taken that a porous 
quality be not supplied , and it should not be placed where mild damp air will meet it 
and condense on its cold surface, and so run down in drops. As it is very unyielding 
to the expansion of ice, its position in the house in that respect is an important consider- 
ation, and in case the joints become leaky from that or any other cause. Cisterns are 
supplied with water by a main service or feed pipe sufficiently large to allow of its filling 
durmg the time the water is turned on. The flow of water is regulated by a ball cock. 
The water supply to each bath, water closet, &c., is suggested to be controlled by a stop- 
cock of a bore equal to the pipe. Ball cocks to be supplied with a stop cock to each, in 
case of repair. The cistern to have a proper standing waste for cleansing purpDses only, 
as well as the ordinary half or three-quarter warning pipe, which must be provided, 
according to some water companies’ rules The^^' 616/:. shows a system of water supply, 
where c is the cistern in the roof Z, which is often placed over, but quite separated 
from, the water closet A. water pipe, cased , y, slop sink, having a tap from the main ii. 
X, flushing tank; the cistern c, in B, also supplies the syphon flushing cistern in the 
servants* water closet d. The dotted line o shows the line of water pipe from the cistern 
c in the garden, supplying the kitchen boiler. 

2223c. The cistern to supply a water closet should properly be distinct from that for 
domestic purposes , and when the former is placed in a confined spot, necessitating small- 
ness of dimensions, one of nn upright form is essential 
to provide the head of water for flushing the b«sin, 
Fig. 80^/. sJiows an apparatus fitted to a lead cistern 

for supplying water 
n r to the pan. A, tlie 


Fig. W. rig. 8)7. Fi? 80 “o. 

ball valve pulled down by the wire B, and thus lifting, by the wire C, the valve 1), 
which admits the water into the lead service-box E. soldered into the bottom, F, 
of the cistern. The air-pipe G- lets out the air from the box forced into it by the 
pressure of the water rushing through the down pipe H. A waste pipe for emptying 
the cistern, or for carrying off the surplus water when being over filled, must always 
be provided. When a cistern supplies the house, a service pipe is required fiom 
It, the outlet having a rose. For a slate cistern, a brass flange {Jig. 8o7.), fitted with 
screws and nuts, is soldered to the lead service-box, and then secured to the slate. 
A “ round closet valve with union, fly-nut,** and air-pipe (fig. 807a.) is occasionally used in 
heu of the above contrivances ; or a spindle valve with union, fly-nut and air-pipe. 

2223rf. Iron tanks and cisterns made of plate iron riveted, plain or galvanized, are 
formed to an^ shape or size ; as also of a small size in stoneware. A question has 
arisen as to zinc and zinc-coated iron for cisterns. Soft water, each as rain water, dis- 
solves zinc more easily than hard water. Water containing carbonic acid is specially able 
to dissolve it. The French Government have prohibited the use of galvanized iron tanks 
on board men-of-war. Professor Heaton analys<»d spring water, with a further analysis 
after it had passed through half a mile of galvanized iron pipe, and found it had taken up 
6 41 grains of zinc carbonate per gallon. Dr. Venable states that where spring water 
pass^ through 200 yards of such pipes it took up 4 29 grains of zinc carbonate per gallon 
(John Smeaton). To stop leaks in iron cisterns, mix litbarro and red lead; if to dry 
quickly, gold size mixed with boiled linseed oil. Extra hard carriage varnish is useful 
for inside purposes only, well rubbed into the crack. 

2223s. With the constant supply system, now being generally introduced, ie:mce cis- 
^rns are said to be unnocessaiy ; but it will be adviaabTe to have ope, and especially near 
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any office requinng a good supply of water, as the serrice is occasionally cut off for two 
or three days during repHirs op cleaning of the mains. Some lower-class houses are 
said to have a 6-inch zinc-lined tr 'iigh instead of the usual cistern ; hence frequent 
stoppage of drains occur from want of flushing power, as depth of water is essential for it. 

Water-waste Preventer, 

2223/. In some towns the wat^r company insists upon a small cistern being placed in 
the water closet, or to a unnal, to prevent waste of water, as it is stated. There are 
various patents, worked by a syphon or other action. They are each regulated for a sup- 
ply or flush of about a couple of gallons of water at a time. Such are Purnell’s syphon ; 
Winn’s ; the Peckkam (No. 2) iihproved pneumatic syphon cistern for fixing in a 
cistern, b^S no valves, rubbers, washers. &c., the action is noiseless, and the connection 
is by an 4)iij^pfpe-of 3^ inch bore, work^'d by a push knob ; the Tnvicta ; the Peerless ; the 
Syph(m\ the IJovhle valve \ the York\ Trott’s patent; Crapper’s syphon ; Bolding and Son’s 
ej'phon, their Simplex after-flush, which is not syphon action, is a simple apparatus; 
the registered double syphon ; Tylor and Sons’ improved patent model waste-noi cistern 
valve, for fixing in a cistern under water ; Smeaton's new water-waste preventing valve ; 
Humpherson’s 'syphon cistern ; Bean’s direct-acting valveless cistern ; Bostell’s cistem. 
Most of the patents are noisy in action, and all are of questionable utility for the purpose, 
often getting out of order and wasting water rather than preserving it, besides preventing 
that useful flush of water which aids in keeping the drains clear. 

Pipes, 

222Zg. The pipes used for the purposes of building are proportioned to their uses. 
Those, for instance, called soil pipes, for carrying away the soil from a water closet, or 
those for conveying water from roofs, called rain-water pipes, and those occasionally 
from sinks, are, of course, of larger diameter than those called service pipes, which 
are merely, as their name implies, for layiug on water to a house, those of somewhat 
larger diameter being called main service or supply pipes ; the service pass from the 
mains to the cistem. 

222 3 A. From the cisterns pipes are required to convey the water to the several places it 
is destined to supply. Those of lead are either cast round or soldered. In casting, a 
mould is made of brass, wherein down the middle a core of iron is loosely supported, at 
such a distance from the mould all round as is equal to the contemplated thickness of the 
pipe. When this is set the core is removed, and the cylinder opened so as to withdraw 
the pipe, which is much thicker than is needed, and must be lengthened, while its 
substance is reduced, by drawing it through a succession of holes in steel plates, diminish- 
ing gradually in diameter, similarly to the method employed in drawing iron rods. This 
machinery became gradually improved in its construction, so that it was of rare occur- 
rence to meet with an imperfect pipe. Lately the manufacture of lead pipes has been 
further improved by casting them under hydraulic power. A quantity of lead is placed 
in a box, and forced through the mould at a certain rate, which gives the metal time to 
cool, so that it is pressed out gradually in a complete state, and wound round a wheel 
ready for use, its length being m^e within the limits of carriage. When pipes are made 
by soldering, a core of wood is provided, round which the sheet lead is roll^, and the 
edges are brought together and joined with solder. A solid drawn lead pipe with a 
distinct inside lining of block tin ^th of an Inch thick was made, but it was found 
expensive, and the labour involved in fixing it prevented its ready adoption ; also a solid 
drawn square or rectangular fall pipe; both by Hanson, Dale & Co., of Huddersfield. 
Hellyer has made a square drawn lead pipe for outside of houses. Glass lined pipes are 
later. Glass pipes for conveying distilled water are used in laboratories. 

2223t. Concussion in water pipes is caused by the weight of water being shut off 
and stopped in its flow while turning off the eud tap suddenly. If it be turned slowly 
this does not take place. The noise may be obviated by continuing the pipe (or a 
smaller one) over the tap, and inserting the end into the pipe. Either the water re- 
bounds into the supply or the curved piece of pipe contains air, which serves as a buffer. 
The same arrangement answers for gas pipes where the last jet sometimes has a quivering 
flame; or the pipe (in either case) can be carried into another pipe near to it, so as 
to obtoin a circuit. 

Soil Pipes. 

2%2Zk, The most important point in connection with the water closet Is 
the soil pipe. Great care is necessary in fixing it. It shoild be hung on tacks of 
load at least one pound heavier than that from which the pipe is made, at least nine 
inches long, to take three courses of bricks, and three tacks to each ten feet length of soil 
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Often in the conrse of three or four ^rears the soil pipes stsrt crawling down, 
I^Dg to the fixings being scamped. It should not be nailed too closely. Pipes from »U>p 
piiiks are often branched into the soil pipe, and require the 
same treatment, also care to prevent syphonage. Its trap 
should be as dose to the fixture as possible, so as to avoid 
a length of pipe, which might become foul on the near side 
of the trap, and so become a nuisance of itself. Banner's 
soil pipe traps are either for the soil pipe at the end, or the 
soil pipe in the centre, each trap having a fresh 
air or rain-water pipe inlet, and an inspection 
hole, Boulton and Co. manufacture vertical 
soil pipes, or patent safety house drainage pipes, 


CROUNO LtNC 



A "T"^ being incorrodible, with junction pieces, fastened to the walls by ornamental 
iron bands, readily adapting themselves to any settlement of the brick- 
mi - work ; and are made in lengths of 3 feet, and of 4 in. and 6 in. diameter. 
"T-~ 2223Z. The wastes from a bath, a lavatoiy, a pantry, or a wash-up sink 

(as partly shown in Jig, 807b.), require special treatment. The discharge 
mi from a sink should be under the grating of an intercepting trap, not 
~T~Y -upon it, as is sometimes done. Under the fixture, and as near to it as 

nr-|" possible, should be a syphon trap of good construction, soldered, if to a 

-r— sink, with only a taper piece to take its grating or washer. The waste 
from a bath, &c., is sometimes carried through the wall into the open head 
6 of a rain-waUy pipe, or other contrivance, and so to a grating, the end 

— ^ Ming left open ; a syphon trap under the fixture is useful, 

B though not often put. A 2 oJr 2J inch lead pipe may not be 

. . found too large, Sqfes are provided under the old water 

closet apparatus, and under a bath, for which 4 lb. lead is 
■ ... enough. The waste pipes from these should also be carried 
outside, the end provided with a mica or brass flap valve to 
prevent an in-dranght. 

2223772. The fresh air inlet pipe is considered by many as 
I if kept smaller than the ventilating pipe. The soil pipe, if it have 
)le fall, must have a jirovision made for the partial vacuum which 
n of water in descending tends to create, causing syphonage of the 
rif. 807 c. waps, inis pipe beinjif open at the top is not suflBcient to remedy the evil ; a 
separate vertical ventilating pipe is the only effectual remedy, into which, 
from all the horisontal branches, are secured ventilating branches. This vertical pipe 
may be about 3 inches in diameter, with 2 inch or 2J inch branches at least, carried from 
the soil pipe into the other vertical pipe. The fig. 807e. shows how the trap under 
a water closet may be ventilated, where closets are placed one above another to prevent 
syphonage. A is the soil pipe ; B the ventilating pipe, or ventilating pipe from the 
grease o? other trap; and P, ventilating pipe from branch pipe to soil pipe. The 
separate air shaft to the "0 trap might perhaps be better dispensed with by carrying 
the small pipe through the wall to the open air, and using a mica valve ; thus fipesh 
air would be brought in. Mica valves are sometimes inefficient in action. 

22 237%. Solder is a mixture of two parts of lead with one part of tin* In soldering, the 
ends of the pipes to be united are scraped clean with^ the ehave hook. Where it is in- 
tended the solder shall terminate, the pipes are eoiled with dock leaves, grass, or cabbage 
leaves ; for the purpose of making the work neater the pipes are eoiled with a mixture of 
lamp blade and size. Solder is used also for tin plates and zinc work. A new process 
for connecting lead pipe# without solder is called ^ cold metal double cone mechanical 
lead pipe joint. By meaUi^ of a small piece of a double coned fiiU-bore tube, assisted by 
a tubular hexagonal-headed screw and nut, the joint is firmly and securely made, and 
easily taken apart when required. A new system of jointing, which is readily applicable 
to every kind of joint required for lead pipes, is adopted at Manchester, whereby the 
jmnts are not merely soldered, but welded. A lining pijM is used somewhat similar to the 
above mentioned pzooess. A clean bore is obtained, no lodgment ot solder inai^, and a 
sighUy external ftniih instead of the ugly bulb by the oommon method Stidder patents 
a closet arm joint with india-rubber cones. 
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2223o. Table I. op the Weight op Lead Pipes per Foot as »ow 

USUALLY Made. 


Bore in Inches. 


Thickness of metal in ports of on inob. 

[ Hurst . 


i 

is 

i 

A 

% 

ilr 

lbs. 

•243 

•607 

1*092 

1 699 

2*427 

3*277 

i 

„ 

•803 

•728 

1-273 

1*942 

2*730 

3*641 

is 

» 

•364 

•860 

1*466 

2*184 

3*034 

4 004 

i 

„ 

•425 

•971 

1*638 

2*427 

3*337 

4*369 

is 

M 

•486 

1-092 

1-820 

2*670 


4*733 


„ 

•646 

1-214 

2*013 

2*913 

3 944 

6-097 

ft 


•607 

1-336 

2*184 

3*166 

4*248 

6 460 

i 


•667 

1620 

2*366 

3*398 

4*651 

6‘826 

il 

>1 

•728 

1-678 

2*648 

3*641 

4*858 

6*189 

i 

„ 

•789 

1*699 

2 731 

3*873 

6167 

6*663 



•861 

1*820 

2*913 

4-126 

6-461 

6917 

i 

it 

•910 

1*942 

3096 

4*368 

5*764 

7*281 

IS 

IS 

tt 

•971 

2 063 

3*276 

4*611 

6*067 

7*646 

1 

it 

1*032 

2*184 

3*467 

4*864 

6*371 

8*009 

14 

tt 

1*274 

2*670 

4-186 

6*825 

7-686 

9*466 

ll 

It 

1*517 

3*166 

4*916 

6*796 

8*796 

10*923 

l | 

II 

1*760 

3 641 

6*642 

7*768 


12*376 

2 

II 

2*001 

4*127 

6*372 

8*734 

11*223 


21. 


2*246 

4*607 

7 096 : 

9*707 

12*436 

15*290 


tt 

2*4 P 9 

6*100 

7*829 

10 683 

13 654 

16*762 

2} 

tt 

2-729 

6*583 

8*664 

11*660 

14*869 

18*204* 

3 

n 

2*971 

6086 

9*280 

12*492 

16*080 



Table II. of the Weight op Lead Pipes in their Lengths, as variously Cast, 


Bore In Inches. 

■■ 

Weight of length in pounds of varioas makers. 

Common. 

Per foot. 

MiddUng. 

Per foot. 

Strong. 

Per foot. 

i 

16 

16 

16 

"Tb7 

17 


22 

0 

22 


26 

0 

1 

15 

17 

- 

- 

20 


- 

. 

24 




i 

15 

24 

24 

1*6 

28 

27 

28 

1*8 

32 

36 

30 

2*0 

1 

15 

30 

30 

2-0 

42 


40 

26 

60 

46 

42 

2*8 

li 

12 

36 

36 

3-0 

42 


44 

3*7 

62 


63 

4*4 

li 

12 

48 

48 

4-0 

66 


66 

4*7 

64 

70 

66 

6*6 

i| 

12 

76 

- 

- 

84 


. 

- 

96 




2 

10 

60 

66 

6*0 



70 

6*0 



83 

7*0 

2* 

10 

- 

70 

7-0 



86 

8*6 



100 

10*0 


^ 2228p. "Earihenvoare piws^ like iron mains, are employed underground. At the begin- 
ning of this century, machinery was invented for forming pipes, which were used for 
some time, but did not supersede those in use formed of timber. Near Lincoln have been 
found circular earthenware tiles, 6 inches diameter and 22 inches long, set in a thick casing 
of cement, so as to exclude air entirely, and to strengthen and protect the piping, which 
conveyed the water for about a mile and a half. It is always necessary to have some 
outlets for letting off the air which accumulates in any length of such tubing. When 
water is first allowed to enter a long length of new piping, a <rmtit}r of very fine sand or 
dust should be put into it to fill up ahy cracks or spaces left Vthe joints. This is also 
recommended to be done for new iron boilers, iron water tanks," dtc., as it tends to make 
the joints watertight. A well-made stoneware pipe of 4 inches diameter will bear a pres- 
sure of from to 100 lbs. per square inch. 

2228g. iron waUr pipea for the service of a house are objectionable in case of their 
bursting in winter, but this is remedied by placing a stopHKiok at the entrance of the pipe 
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into a bouse, to shot oft' the supply for repalfs, or in anticipation of a frost. Soada wrought 
iron pipes are lined and coated with hydraulic mortar ; others are enamelled in the interior. 
These Utter hare been found, both for gas and water purposes, absolutely incorrodible ; 
in the former case preventing the great loss from leakage, and in the latter cume conveying 
the water in perfr^ct purity. For a high service hot water supply, a galvanized wrought 
iron hot water cistern, with man hole screwed down, is supplied. It is usually 2 feet 

6 inches long, 2 feet wide, and 18 inches deep. Cast iron pipes are naturally very porous ; 
so much so, that water when very forcibly oompressed, as by an hydraulic machine, will 
make its way through the thick cast iron cylinder in a sort of perspiration on the external 
surface. Oxidation, to a certain extent, .wul close the pores of the metal, and prevent this 
escape of water or of gas ; and it is recommended that all new gas pipes be proved with a 
solution of sal ammoniac, which being forced into the body of the metal eftectuaily 
oxidises it, and to a great extent cures the evil. Patent welded wrought iron tubes an? 
fittings, and malleable iron fittings, are made for gas, or low pressure steam, and cast iron 
pipes for water, of from ^ to 4 inch bores : such pipes are also made for high pressure steam 
or water, and proved to a pressure of 200 lbs. per square inch. The ordinary gas pipe 
is proved to 75 lbs. on the square inch. 

2223n Gutta Percha, On account of the injurious effects of water on lead cisterns and 
piping, this material has been recommended as a substitute for it in both cases, since its 
general introduction about 1849. But it is uncertain whether the material can be guaran- 
teed as a lining ; and some soils appear to affect it when buried underground. It is alsn 
attacked by a fungus. Experiments made at the Birmingham Water Works, on the 
strength of gutta percha, showed, that tubes made } inch diameter and ^ inch thick, 
attached to the iron main, and subjected for two months to a pressure of 200 feet head of 
water, were not in the slightest de^ee deteriorated. They were afterwards subjected to a 
proof of 337 lbs. per square inch. The material being slightly elastic, the tubes expanded, 
but reco/ered their former size on the pressure being withdrawn. At Stirling, inch 
tubing bore a pressure of about 450 feet, without the slightest injury, whilst the same pres- 
sure upon strong leather hose scattered the rivets in all directions. A vulcanised fibre is 
a new substitute for leather, rubber, gutta percha, &c., for packing hot or cold water 
taps, wives, washers, &c. 

222ds. Pipes to cisterns are supplied with ball cocks and valves, both round way and 
square way, of various forms and sizes, too numerous to be here described. The ** Brock- 
ley ” patent ball valve, of Wood Brothers of Brockley, is an improvement consisting of 
the usual ball turning on a pivot fixed to the screw. ‘'The spherical form of the seating, 
and the cnp into ikhich it works, have been designed to prevent the collection of grit. 
The rubber envelope at the end of the seating fitting into the opening through which the 
water flows is specially made, and is durable as there is no cutting edge to destroy it ; 
they only require to be stretched on.” For sinks, or the usual supply taps, bib-cocks 
having a ** T key,” or a “ spanner” or other key, are required ; these are of different 
makes, and often produce a recoil. ** Screw-downs ” or “ valves ” are used where the high 
pressure system is adopted, the “ T hey ” then screws down the valve. A ** stop-cock ” 
or ** valve” is used to shut off the water in a length of pipe, as the service from the main 
pipe, as above noticed, and likewise for reducing the pressure of the water on the screw- 
down ” valves in a constant service. This system is described in Cresy, Encyctopmdia^ 
pages 1655-57. Stidder’s patent hydraulic ball valve is intend.Kl to resist the highest 
possible pressure ; the greater the pressure the more secure from leakage. 

2223^. Lavatories are fitted up with an apparatus for supplying the basin with hot and 
cold water, and for taking off the waste. Bathe are supplied from a boiler either placed 
at the back of a kitchen range, or set in the fireplace of the bath room, or of an a4joining 
chamber. They are also heat^ by a gas boiler called ” Geiser,” or other name, fixed 
close to or on the bath, having a flow and return pipe ; or by ranges of lights under the 
bath itself. A five-feet bath is said to be heated to 100*^ in half an hour by gas, at a 
small cost. A bath generally contains about 60 gallons of water, and requires &oat 20 
gallons of boiling water to heat it. Ewart’s lightning geyser gives a hot bath in. five 
minutes. Shanks's new instantaneous gas water heater. DoAton and Oo.’e Lambed 
patent water heater. 

' 2223ff. The bath itself is sometimes formed of marble, east iron enamelled, opalized 
glass, glazed earthenware, and glazed porcelain tiles (Rufferd's), the weight of which is 

7 cwt. The Farnley p^celain bath, of fireclay and enamelled, is reduced in weight to 
4} cwt ; th^ ^ mde of four shapes, from 60 inches to 74 inches in len^h. Ziniv leadU 
copwr^ galvanized iron, and slate all require a coatieg ef light-oolonred paint, so as to 
ren^ easily apparent any want of purity of the water. A patent stamped tinned steel 
bath 16 designed to obviate the dis^vantages of cast iron ,* it does not tfiiill the waterg 
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and is ligH ftnd dumble. If not painted, all metal baths feqnlre eohsideraMe friction 
to app^r clean. The difficulty of making a bath with joints that shall leak is 
self-evident. T> lor’s pattern-book gives several descriptions of their baths (par. 2228a.). 
Shanks and Co. have approved baths and fittings. 

2223(^. With water raised to a high level great power is gained for various jrarposes, 
domestic and otherwise. The hydrcmlic lift, lately introduced into banks and hotels, is 
the saving of much trouble and time. The general details for hotels were described by 
J. Whichcord, in a paper read at the Institute of British Architects, in 1864. Waygood 
and Co. are manufacturers of the more modern lifts, cranes, and hoisting machinery of 
all descriptions by hydraulic and hand power. The American Elevator Company are 
makers of the ** Standard ” hydraulic elevators fixed in various public edifices, hotels, 6cc. 
A small lift* to be worked by hand, is readily arranged for raising a scuttle of coals, or 
other package, from the bottom to the top of a building. Other manufacturers are Clark, 
Bunnett and Co. ; the Hydraulic Engineering Company, Limited (of Chester); Goddard 
iind Stewart; S. Chatwood, 1878. balanced hydraulic lifts; and Attwood and Co.’s 
lifts and hoists for goods and passengers, worked by gas, sieam, hydraulic, or hand : 
makers of the ABC self-sustaining life for houses, clubs, &.c. Water applied to a 
turbine is capable of producing a small motive power, useful for organ blowing, turn- 
ing a fan to effect ventilation, and other such purposes, without wasting the water so 
employed. 

It will be useful to note the non-comj>res8ibUity of water. It is often necessary, 
before re-melting cast iron, to reduce the large masses into smaller pieces. This Inrthe 
ordinary method is both troublesome and difficult. A simple and ingenious m(^e of pro- 
ducing the required fracture has been recently employed in France. It consists in drilling 
a bole in the mass of cast iron for about one-third of its thickness, and filling the hole witl* 
water, then closing it with a steel plug, fitting very accurately, and letting the ram of a 
pile-driver fall on the plug. The first blow separates the cast iron into two pieces. 


COPPER 

2224. Many of the uses to which copper is put have already been noticed in the para- 
grapns 1787 to 1791. The nave of Chartres Cathedral was roofed in 1836-41 witli iron 
ribs covered with cop^ plates ; in 1853 the latter had so much oxidised as to require 
removal. It is said that if strips of the best zinc, about 8 inches by 2^ inches, be screwed 
on each course of copper, galvanic action would prevent the oxidation of the latter material. 
Iron cramps encased and brazed in copper, or gun-metal cramps, in lieu of iron merely, 
the exfoliation of which bursts and demolishes stonework, is a precaution now generally 
adopted in good work. In the Indies, copper gutters decay alter twenty years’ use, not 
lasting longer than shingles, the heat and moisture of the climate converting the metal 
into rS oxide of copper ; iron nails decay there very fast from the same cause 

2224a. Table I. of Thickness of Coppbb Sheets 


Number of wire gauge 
Weight of one foot \ 
super, in pounds - j 

1 

14*5 

2 

13 9 

3 

1276 

4 

11-6 

5 

101 

6 

0-4 

7 

B-7 

8 

7-9 

9 

72 

10 

66 

Number of wire gauge 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 

Weight of one foot 'I 
super, in pounds - / | 

6-8 

6*08 

4*34 

3-6 

8*27 

2-0 

2-52 

2*16 

1 97 

178 

NuBfher of wire gauge 

21 

22 

23 

24 

25 

26 

27 

28 

29 

■Ml 

Weight of one foot) 
super, in pounds - / 

1*62 

145 

1-3 

Me 

104 

0-92 

0*83 

0*74 

0 64 
Molee 

B 


No. 1 is equal to «^s of an inch thick; No. 4a^; Ko. 7«> 11 No. 16 

and No. 22 Nos. 22 to 28, or 18 to 12 ounces per foot superficial, were Used formerly 
for gutters. As the plates of copper are made of a uniform sise, 4 feet long by 2 feet 
wide, the weight det Ermines the thickness : thus, 70 lb. plates are Aths thick; 46| lbs . m 
i; 281b8.»>^; 11^ Ibs.^^; 6 lbs. » ^ of an inch. 
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S994& ' Tail! IL of nix Weight op a lineal Foot of Round and Square CoffkXi 

IN Pounds. 


Incbee • 

- 

i 

1 

i 

I 

i 

l 

1 

4 

4 

i| 

4 

4 

Square * 

- 

•24 

•54 

•96 

HQ 

2-16 

2-94 


4*86 

6*00 

7-27 

8-65 

10*15 

Round • 

- 

•188 

•424 

•755 

1-17 

1-69 

2-Sl 

S^02 

.3-82 

4-71 

5-71 

6-79 

7*94 

Inches - 

- 

S 

11 

2 1 

2i 

, i 

211 

2i 

2i 1 

2} 

2S 

3 


Sqiuue - 

- 

BB 

B 


17-36 

19-47 

21-69 

24*03 

*26*50| 

29*08 

31-7 9| 

34-61 


Round - 

- 

9-21 

10161 

12-08 

13-64 

15-29 

17-03 

18-87 

20-81 

22*84 

24-93 

27-18 



' The table given in Hurst's Handbook^ page 82, is a slight increase on the above ; from 
that work, page 85, the following table has l^n derived. 

2224c. Taxlx hi. Of THE Weight of CorrEn, pkr superficial Foot, in Pounds, 


Thickn(;ss - - • 


* 

& 


6 

16 

i 


i 

Weight - - - - 

2-891 

5-781 

8-672 

11-563 

14-453 

17-344 

20-234 

23-125 

Thickness . - . 1 

A 

I 

fi 

3 

4 

2 


1 

Weight - - - . 

26-016 

28-906 

31-797 

34-688 

37-578 

40-469 

43-359 

46-250 


2224d. Solder for copper, iron, and brass, is composed of an alloy of zinc and copper ; 
for pewter an alloy ol tin, lead, and bismuth. Copper is a metal too soil to use very 
much in decoration, but it goes well with brass, in inlay, incrustation, or bands. A 
tinned copper bowl where the ground is cut away and the pattern left is a good example 
of work. 

2224e. Wetterriedt^s patent metal should be laid by a good plumber. I'he flats are formed 
with rolls and drips similar in every respect to lead, but the latter should be formed with 
a gradual descent. The rolls need not be more than 1 to 1| inch diameter, tapered at the 
ends, and brought close up to the edge of the drip. Ciicular and sloping roofs may be 
laid either with rolls or welts, the ends of the sheets being joined by a welt or overlap of 
6 inches. The metal should be laid free, and nails avoided as much as possible, but if 
used they should be of wrought copper. Soldering is to be avoided, but to secure the 
metal as against an upright face, a solder dot over a screw is the best means to adopt. 

2224/1 Afufttz*s metal is used as a coating for iron vessels under water ; to prevent gal« 
vanic action a band of vitreous sheathing is attached for some distance below and above 
the water line. This sbeathing consists of small plates of iron covered with a preparation 
of glass, and is intended to be an anti«fouling as well as a protective agent. 

ZING 

2224^. The common sheets in general use are 12, 14, 16, 18, and 20 ounces to the foot 
superflcial; and as 18 thioknesees of 16 ounces to the foot are half an inch thick, the 
following show the thicknessiM of the different weights: — 

Plates or sheets of 10 ounces to the foot are 0-01786 inch thick. 


12 

— 

0-02083 


14 

— 

0-02430 

»» 

16 

— 

0-02777 

»> ‘^Jgofmn inch. 

18 

— 

0-03125 


20 

— 

003472 

9t 


It is employed for water'Cisterns and baths, rain-water pipes — in short, for almost all 
purposes where lead has been hitherto employed. Latterly it has been formed into sash- 
bars for skylights and ornamental sashes ; for which purposes, strength excepted, it is 
superior to iron, as not being liable to rust, and loosen the putty and glass. It is, in every 
respect, equal to copper, and not more than one-third the cost of it. The discovery of the 
electro process was stud to have introduced the application of, amc to cast and wrought 
iron, so as to prevent its oxidation or rust, but such has not been the ease (see galvsniied 
end xinked Iron). 
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SS24A. AI)OUt 1861, the Vieille Montagne Zinc Mining Company took stepi to improrc 
the mode of laying fine roofs, and to prevent the use of thin gauges of sheet *inc, which 
arc unfit for the purpose. This Company recommend that for roofs and flats on boards 
no gauge thinner than No. 13 be used: a medium thickness. No. 14, for roofs* fiats* and 
gutters; for best work and for roofs without boards, Nos. 15 or 16. The Company is 
preparing thicker sine, Nos. 17 and 18*' principally for gutters. Steel cut gauges notched 
for roofing numbers only, are supplied whereby to test the thickness. The weight o< 
No. 13 gauge is 19os. lOdrs. ; No. 14 is 21 os. ISdrs; No. 15 is 24 os.; and No. 16 is 
26 os. 3 drs., per square foot. 

2224i. Good zinc, properly laid* has been proved by long experience in France, Belgpum, 
Germany, and Italy, to be a secure, durable, and economical covering. No detrimental 
effects from any particular climate are to be feared, so that care be taken to adopt tho 
proper mode of laying, and to select the proper gauges, of the best quality of sine. £ven 
good sine badly laid will prove a failure. Screws or embossed holes on the surface of good 
zinc work are not required. As the prescribed mode for laying sine, illustrated by dia- 
grams, can be obtained on application to the agents cf Devaux's Vieille Montagne Zino 
Company, and to the agents for the supply of the Improved roofing sine, we do not 
consider it necessary to describe it here in detail. 

2224A. Stamped ornamental zinr^ for dormers, Mansard roofs, vanes* finials, moulding, 
and enrichments, has been used on the Continent for many years with good effect. In 
London it is hardly known, but has been employed lately at the Charing Cross Hotel; at 
the Xianghnm Hotel; and at No. 1 14 Piccadilly. The steeple of Ripple Church, Kent; 
the Victoria Railway Station, Pimlico ; and many other public and private buildings 
throughout the kingdom, now show the employment of this useful material. 

2224/. Perforate zinc for various sizes of perforations or in patterns, is extensively em- 
ployed in filling up squares in sashes, or panels in partitions, to assist ventilation by breaking 
the force of the current of air. 

Zinc has been luiuced iii paragraphs 1792 to 1797. 


BRASS. 

2224fn. Bratt is a metal which has been adopted very widely in the last thirty years, in 
art progress, for the decoration of public buildings, churches, and houses. The feeling of 
softness, which the special smoothness and polish of brass calls for in design, requires 
much study ; the rounded contours, with great delicacy in the curves, and fine detail, some 
of it almost imperceptible, is what the skilled turner knows how to give to the work. 
Candlesticks, chandeliers, dishes, fire-irons, fenders, dogs, balustrades in screens to choirs 
and chapels, as m Belgium and Holland (the last having a very rich and beautiful effect) ; 
fonts, desk rails, lecterns sepulchral brasses, arrangements for lighting, are among the 
many purposes for which this material is employed. Inferior brass turns nearly black by 
the smoke of towns and chemical vapours, but good brass only requires moderate care to 
keep it looking well. 

Table or the Weight op a supKanciAL Foot op a Plate op Brass, in Pounds. 

(Molesworth, Formu/m.) 


Thickness, parts'! 
of an inch j 

1 

Ts 


s 

iS 

i 

A 

1 

A 

i 

9 

Iff 

I 

ih 

8 

li 

1 

il 

1 

W^ght in pounds 

2*7: 

5-5 

8-2 

11 

1 

13'7|16-4 

19*2 

21-9 

24-6 

27*4 

30*1 

32*9 

35*6 

1 

38*3 

41*2 

43*9 


This material has been described in paragmph 1790, 
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Sect. Vm. 

GLAZING. 

2225. Olftsiug, or the business of the glazier, consists in fitting glass in sashes, frames, 
and casements, either in putty or lead. It may be classed under the heads of sashwoek, 
LBADWOBS, and FBRTWOBE. Glass, as a material, has been already described in Chap. U. 
Sect. XII. of this book. 

2226. The tools necessary for sasrwobk are — a diamond, polished to a cutting point, and 
set in brass in an iron socket, to receive a wooden handle, by which it is held in a cutting 
direction. The top of the handle goes between the root of the forefinger and middle finger, 
and the under part between the point of the forefinger and thumb. In general, there is a 
notch on the side of the socket, which should be held next the lath. Some diamonds have 
more cuts than one. Plough diamonds have a square not on the end of the socket next 
the glass, which, on running the nut square on tne side of the lath, keeps it in the cutting 
direction. Glass benders have their plough diamonds without long handles, as they cannot 
make use of a lath in cutting, but direct them by the point of their middle finger. 
The ranging lath should be long enough to extend beyond the boundary of the table 
of glass. Hanging of glass is the cutting it in breadths, and is best done by one unin- 
terrupted cut from one end to the other. A short lath is used for stripping the square to 
suit the rebate of the sash, as in ranging they are generally cut full. A square, for the 
more accurate cutting at the right angles from the range. The carpenter’s chisel is used 
in paring away some of the rebate of the sash whdii the glass does not lie so fiat as to allow 
a proper breadth for front putty. The glazing hvfe is used for lajung in the putty on the 
rebates, for bedding in the glass, and finishing the front putty. A bradding hammer is made 
with a head in the form of a small parallelepiped, with a socket for the handle, using it at 
an obtuse angle from the middle of one of its sides. The square edges of the head drive 
the brads in a horizontal direction, and with this tool there is less liability to accident than 
with any other. Some use the basil of the chisel for the purpose. Brass points are con- 
sidered the best for bradding; small cut brads are also used. All new works should be 
bradded, to prevent the glass being moved out of its bed. The duster is a large brush for 
brushing the putties, and taking the oil from the glass. The sash tool is used wet, for 
taking the oil from the inside alter the back putties are cleared ofi! The hacking Icnife is 
for cleaning out the old putty from the rebates where squares are to be stopped in. The 
use of the glazier's rule needs no explanation : it is 2 feet long, doubling in four difierent 
pieces. 

2226a. The putty in which the glazier beds the glass is of four sorts. Soft putty, which 
is composed of fiour, whiting, and raw linseed oil ,* hard putty, composed of whiting and 
boiled linseed oil ; harder putty, the same ingredients as the last, with the addition of a 
small quantity of turpentine for more quickly drying it ; hardest putty, composed of oil, 
red or white lead, and sand. The first of these putties is the most durable, because it 
forms an oleaginous coat on the surface, but it requires a long time for drying. The hard 
sorts are apt to crack if not soon well painted, and the hardest of them renders it difficult 
to replace a pane when broken ; hence it is altogether unfit for hothouse and greenhouse 
work. Probably the best manner of fixing glass and glazed frames in stone mullions 
is with a mixture of Bath stone dust and linseed oil, made up similarly to putty. 
Its elasticity allows of any slight settlement if the work be new, and it is more of a 
waterproof cement than Portland, as it is not nearly so liable to crack : that cement, 
without a large proportion of sand, will almost invariably burst glass or stone after a 
few months ; and it aleo stains freestones, Oorsham Down stone especially, giving it the 
appearance of having been burnt. {BuU^, 1864, p. 796.) 

22266. To remove glass from old sashes, a mixture of 8 parts of American potash with 
1 part of unslaked lime, laid on both sides with a stick, and allowed to remain for twenty- 
four hours, will soften the putty enough to cut out easily. This mixtiu^ will also take off 
paint, and even tar. 

2226c. Many systems of glaeing large roofs have been introduced of late years, each 
supposed to be an improvement upon the other, and recommended by the designers for 
billiard-rooms, picture-galleries, dining-rooms, concert-halls, yards, large span roofs, &c. 

Braby’s patent glazing ; glass sot free, allowing expansion and contraction, and precluding 
breakage. 

Brown’s patenf system of glass and iron roofing. No putty, zinc, galvanised iron, cast- 
iron, india-rubber, felt, asbestos, or other perishable material. 

Gausley'a system of glazing vnthout putty, 1881^ 
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Crewft^B dry glazing ; simple and cheap. 

Drummond’s patent roof^glazing ; sash-bars in iron, steel, zinc, or wood. 

Grover &; Co.’s simplex glazing. No iron, zinc, or patty. Lea^ strips on wood-bars, &e. 
Helliwell’s patent perfection system of imperishable glM roofing, ^o potty used. 
Jefilrey’s mtent system of glazmg^ guaranteed air and water tight. 

Johnson Brothers &; Co.’s patent imperishable glazing. 

Mackenzie’s patents, by the British ’Patent Glazing Company (Limited). No zinc used ; 

a lead cushion over an iron bar. 

Mellowes and Darby’s eclipse glazing ; tin-lead bar, V section. 

Bendle’s Acme glazing. 

Bendle &; Burrow’s indestructible glazing. Wood sash-bar, the glass covered on it by a 
wood capping. 

Shelley’s patent standard system of glazing, using glass up to 10 feet in length, with his 
patent bars placed two feet apart. 

The Pennycook patent universal system of glazing without putty. 

Each system must be examined for its peculiarity. 

2226tf. The 1 ransparent Wire Wove Hoofing Company (Limited) has manufactured a 
substitute for glass, made in sheets 10 ft. by 4 ft., at 6^d. per foot. Much is said in 
favour of it, and for many purposes it may work in usefully as a temporary material. 

2226e. The diminiitioo of light by passing through various sorts of glass has been 
given thus : British polished plate, 13 per cent. ; rough cast plate, 30 ; rolled fiuted plate, 
4 fiutes to the inch, 53; 32 oz. sheet, 22; common window glass, about 10; ground 
glass, from 30 to 60 ; opal globes, from 50 to 60; green, purple, and ruby glass, 82 to 89 ; 
and porcelain transparency, over 97 Inght decreases in the ratio of the square of its 
distance from its sources. 

2227. Lha-Dwork for fixed lights is used in ecclesiastical buildings, often in inferior 
offices, and frequently in country buildings. Frames made with crossbars receive these 
lights, which are fastened to saddle bars. Where openings are wanted, a casement is 
introduced of wood or iron. Sometimes a sliding Irame is used, particularly for house 
windows. Plain, painted, and stained lead lights have of late years been largely intro- 
duced in the so-called ** Queen Anne ” designs, and adapted for blind or transom, fanlight, 
door panel, or window. 

2228. The glazier's vice is for preparing the leaden slips called cames with grooves, &c., 
to fit them for the reception of glass. The German vices are the best, and turn out a 
variety of lead in diflferent sizes. There are moulds belonging to these vices in which bars 
of lead are cast ; in this form the mill receives them, and turns them out with two sides 
parallel to each other, and about J of an inch broad, and a partition connecting the two 
sides together, about J of an inch wide, forming on each side a groove near by J of an 
inch, and 6 feet long. The setting board is that on which the ridge of the light is worked, 
and divided into squares, and struck out with a chalk line, or drawn with a lath, which 
serve to guide the workman. One side and end is squared with a projecting bead or 
fillet. The latterkin is a piece of hard wood pointed, and so formed as to clear the groove 
of the lead, and widen it, for the mo e readily receiving the glass. The setting knife is a 
blade with a round end, loaded with lead at the bottom of the blade, and having a long 
square handle. The square end of the handle serves to force the squares home tight in 
the lead; being loaded with lead, it is of greater weight, and also cuts off the ends of the 
lead with greater ease, as in the course of working these lights the lead is always longer 
than is necessary till trimmed. 

2229. The resin box contains powdered resin, which is put on all the joints previous to 
soldering. Clips are for holding the irons. All the intersections are soldered on both 
sides except the outside joints of the outer side, that is, where they come to the outer edge. 
These lights should be cemented, which is done by thin paint being run along the lend 
bars, and the chasm filled with dry whiting. After it has stood a short time, a small 
quantity of dry red or white lead is dusted over it, which will enable it to resist tlie 
weather well. 

2229a. Fretwork is the ornamental part of lead- 
light work, and co^etjsts in working ground or stained 
glass into different terns and devices, as may be seen 
in the old stained glass windows. The leads i^ed until 
the middle of the seventeenth century are nearly of one 
uniform width, and are much narrower in the leaf than 
the common moviern leads. That this was the case, can 
be proved not only by the existence of the original lead« 
themselves, hut more satisfactorily perhaps by the black 
lines drawn upon the glass, with which the glass painters 
were accustomed sometimes to produce Ihe effect of leads without nunocessarily cutting 
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the glass. A in fig, 807c2!. represents an ancient lead of the ilsual width ; fi ks seetioil, 
eoiisisting of the imtf% a and b, and the core e, C is the ^tion of a German lead of llis 
early part of the 14th century. is a piece of modern /ret lead of the ordinary width, and 
which is now considered (1K47) Ms being very narrow ; and E its section. The process of 
compreaing the lead between rollers to the proper dimension makes them more rigid than 
the old leads. It is the practice at the present day to surround each glazing pwtel with a broad 
had, that is, a lead three-quarters of an inch broackin the leaf, to strengthen the work ())age 
27.). Leads somewhat narrower than these were very extensively employed. An entire 
window, at Stowting Church, Kent, pi^obably of the early part of the reign of Edward 1 V., 
was leaded with leads as F. The other lead, G, is of the early part of flie reign of Henry 
VI., and is from Mells Church, Somersetshire, where similar lead is commonly used. 
This mode of strengthening the leiui without increasing its width was npt confined to the 
decorated period. Both these specimens bad all the appearance of being cast in a mould* 
One of the faces in each is narrower than the others ; these were placed outside, and thu 
difference probably arose from decomposition of the metal. A still narrower lead may be 
occasionally met with in heraldry and other minute mosaic work of the 15th and 16th 
centuries. It is hardly necessary to observe that the greater the number of leads em- 
ployed, the weaker individually may they be made (psge 259-61.). The width of the 
leads must be proportionate to that of the lines usually painted cm the glass, for the leaden 
outlinea^il easily be detected if they are much stronger than the painted ones. The effect 
of thewreased width of modem leads, £, although so trifling, is very perceptible, 

2229%. Saddle bora in ancient windows will be found to be usually placed from 8 to 9 
inches apart, which seems to be the most agreeable distance, though one of 6 inches does 
•not appear too little in some cases. The great object is to avoid, as much as possible, 
causing the light to appear as if it were divided into a number of square compartments, by 
making the height too nearly the width of the glass. Amongst the advantages resulting 
•from the use of saddle bars at short intervals, is the opportunity it affords the glazier of 
carrying a horizontal lead across the light immediately in front of each saddle bar, the 
^ opacity of which hides the lead. This method of concealing lead work was carried to 
* such perf^^tion during the first half of the 16th century, that a person ignorant of it 
would find it difficult to conceive how some of the works of that period were constructed. 

2229c. Iron siandaida or atancheona^ in ancient windows put through the saddle bars, 
should be retained in pattern windows, which they improve, and do not appear to be out 
of ])lace in picture windows whenever they do not happen to pass immediately behind the 
head of the principal figure. They seem also on the whole to improve the effect of the 
architecture from without. (Winstok, Imiuiry into Style in Glaaa Painting^ Svo. 1847.) 

2229d. It is stated that at Cologne Cathedral the glass is strong ; the different pieces 
are Joined together with lead, and soldered with tin, both inside and outside, which gives 
the whole great strength. The panes are fastened upon iron frames, which are again 
fastened upon rods. In the interior tlie panes are screwed upon iron bars, half an inch 
thick, which are let into the masonry. 

2290. In London a large portion of the glazier’s business consists in deigning windows. 

2231. Glazed partitiona formed of wood, or of iron frames with the lower panels filled 
in with slate, are now very usual in warehouses, banks, and counting-houses. If sound be 
desired not to pass through such fittings, they must be glazed with extra thick glass ; but 
double sheets or squares, placed about half an inch or more apart, and carefully puttied, is 
best. This method will also conduce to the warmth of the room. Double windows to 
the fronts of houses are common fittings to effect both the above purposes. 

2231a. Glass has been introduced for a variety of building puiposes. Thus, Lloyd and 
Summerfield’s patent crystal window bars, for windows, shop fronts, and cases, are not 
uncommon. They are fitted with arched heads and spandrils of glass, having patterns, 
silvered or gilt, on a coloured ground. Glass tilea and alatea are a usef^ul auxiliary to a 
roof where a small modicum of light is required ^ Lockheed’s perforated gkus vmiUlator 
can either be set in the sash, or fixed outside of it in a frame for the whole width of the 
opening, air being admitted by moving the sash. For the like purpose are such inventions 
as Moore’s louvre ventilators in a sash pane; Boyle’s draughtless window ventilators, being 
a fine gauze of wire set in a pane of glass, and used with or without a glass cover ; and the 
zircular glass ** revolving” ventilator. Glass baluetera and handrails ; pilasters for 
chimney pieces; door handles, knobs, and plates; mirror frames; trays for dairies; cut 
crystal and opal letters ; Pratt’s patent proof ss of gilding by precipitation ( 1 886), are among 
other useful inventions in this material. See Pavement Li^ts, par 22951, 

22.316. Coloured or stained glass, Wc can only here mme the varietie.^. There are three 
modes of colouring glass: f. Pot metal glass^ in whteli tlu* colour is ipix4d up With the 
molten mass, i l FlaKhed, covered, Sf coated gla.s, formed by bnititt|^ a thin layer of 
coloured glass with another layer, either of a different colour or colourless. HI, Painted 
glass^ the white substance being painted on, and then the colour or pigment burnt in. 
The colouring materials are in all cases metallic substAitcos. Such are the metli^ by 
which all coloured glass windows are produe».d. 
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. 22.1Jr. For ornAtnental pui^os6s, besides cbfoured gkas may hftvd a ytoand 
which is obtained by grinding it with a stonej or by tile Use of fluoric acidi' Bmffnmd 
ffla$8t which permits the application of devices, according to the fancy of the designer or 
intention of tiie manufacturer, is effected by covering the square of glass with a 'arnkh, 
except wiiere the device is intended. An acid is then pOured on which eats away the 
uncovered glass for a small depth. The varnish is tlieft cleaned oflT, and the general surface 
is ground as usual. Its imitation is obtained by covering the plate with a varnish, a lac0 
or stencil pattern placed on it, then dusted over with a colouring matter in the state of fine 
powder, and the plate thus treated sufliciently heated to vitrify and flx tlie dusted vernish 
to the glass. Messrs. Chance, and other manufacturers, sell \ariou8 enamelled stencilled 
patterns, as white eHometled, enamelled and flocked^ emboseed repeated pattem, stained enamettedi 
and double etched plasst eelf shadowed glat^s ; alent polychromatic gl/Ms, printed glaes^ stamped 
in colours^ and many other kinds, all which are better seen at the factories than described. 

22.^ id. The compressive strength of glass, that is, its resistance to a force tending to 
crush it, is about 12J tons per square inch. Tliis is neaily equal to one quarter the 
strength of cast iron. Glass has three times the specific gravity of iron. In the form of 
bars, a favouralde shape for developing a highly tensile strength, one ton per square inch 
of area is the highest amount to be assumed for it. 

223 le. Mosaic woax. This durable manner of decoration in glass, requires a short 
notice. The Roman mosaic is composed of pieces of enamelled glass, thus rendered opaque, 
sometimes called smalto and sometimes paste^ made of all kinds of colours and of every dif- 
ferent hue For large pictures tliey take the form of small cakes. For small works they 
are produced as threads, varying in thickness from that of u piece of string to the finest 
cottoh thread. The Venetian mosaic pictures are formed of pieces of very irregular shapes 
and sises, of all colours and tones of colours ; the ground tint almost invariably prevail- 
ing is gold. Tlie manner of execution is always large knd coarse, and rarely approaches 
any neatness of joint oc regularity of bedding. Opus Grecanicutn consists in the insertion, 
into grooves cut in white marble to a depth of about half an inch, of small cubes of these 
coloured and gilded smalto, and in the arrangement of these forms in sucii geometrical 
tombination as to compose the most elaborate patterns. It was customary to combine the* 
bands of this mosaic work with large slabs of Serpentine, Porpliyry, Pavonazxetto, and 
other valuable marbles, and to use it in the decoration of ambones, cancelli, &c. ; its use 
Externally was comparatively rare. The hexagon, triangle, s(]uare, and octagon, form the 
usual bases of most of the specimens of this ingenious art to he tound in Italy. Patterns 

accumulating intricacy are seen at Palermo, and at Mon reale. Illustrations in colour 
are given in the usehil work on Mosaics, by M. D. Wyatt. 

2281/. Coloured enamels are made of a vitreous posts (or glass), to this are added other 
mineral substances, whicli, when properly prepared and tused together, impart to the paste 
its density and extreme hardness, and also its colour; the better the manufacture, the more 
«atisfactory the appearance and the greater the durability of the mosaic work. In an 
jmpcifect manufacture, the mosaic is liable to be injured by damp, smoke, and all atmo- 
spheric changes ; when well produced, they can be made to give precisely the same effect 
as the painting. 

223 Ig, Gold and eiloer enamels were introduced; these are made of the precious metals, 
but in such thin sheets that their use is comparatively inexpensive. The process is a 
ditiicult one. for, to produce true gold and silver enamels, great knowledge and experience 
aie necessary. On a ground of thick glass or enamel, according as it is desind to render 
the gold enamel transparent or opaque, or to impart to it a waiin or vaiiegated colour, 
there is laid a leaf of gold or silver, which is attaciied principally by the action of fire ; 
then a film of the purest glass is spread over it, and this may either be perfectly colourless 
or of any tint that may Iw required. When well manufactured, these thin layeis, alter 
being fused, become peifectly united with each other, and form a homogeneous body, and 
the metal is for ever protected against all possibility of injury from any cause except actual 
^violence. 

2231 A. Stevens has produced a new kind of glass mosaic, executed at about one third the 
|>rioe of the ancient manufacture of this kind. The glass is stained or gilt, and the method 
18 adapted for many purposes Messrs. Rust are working in gold, silver, and enamel 
mosaics of tlieir own invention ; and Dr. Salviati employs his ** indestructible system of 
Venetian enamel-mosaic, in works, in a comparatively inexpensive and expeditious 
manner.” At the'WoIsey tomb^house, at Windsor, the entire ceiling, consisting of 2,100 
feet, was decorated in the of ten months, including the time of the transit of the 
mosaics from Venice ; and was executed, with the scaffblwgi, At the price of 4,7251. It was 
-also employed at St. Paul’s Cathedral, for the figure, of the^ophet Isaiah, covering 250 
&et, which was^meuted and fixed in two months, at the pnee of 6002. (Lecture read at 
JLeeds, by A. Saitriati, 1865.) ^ 

22Sli The cements used are of three sorts. The first, for large tessern in forming 
floors is composed of pitch, mixed with a black earth. sccood, Ibr stones of a mtd- 
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Aing dimentloii, is made of tufii and oil. The third, for the more delicate mosaics of 
pioees of glass, is made of white of lime, pounded brichs, gum andragan, and the white 
of eggs. l*he ancients are said to have us^ 1 part of slaked lime and 3 parts of pounded 
marble, made up with water and white of egg. But as this is considered to harden too 
quickly, a mixture of 1 part of slaked lime, and 3 parts of powdered travertine stone, nused 
up WJtii linseed oii, and kept stirred every day, u used, adding oil as it dries. The mass 
is ready sooner in warm weather than in cold, varying from 20 to 30 days, when it is 
like a smooth ointment For the larger works, Keene's, Portland, or other similar cements 
niightbo used. 


Scot. IX. 

PLASTERING. 

yj33. In the finishing of our dwellings, the decoration owes much of its effect to the 
labours of the plasterer : it is in his department to lay the ceilings, and to give, by meant 
of plaster, a smooth coat tb the walls, so as to hide the irregularities left by the bricklayer 
and mason, and make them sightly and agreeable. He also, in the better sort of buildings 
furnishes plain and decorated mouldings fbr the cornices and ceilings ; and in the external 
parti, where stone is expensive or not to be procured, covers the exterior walls with stucco 
or other composition imitative of stone. 

2233. The plasterer's tools are — a spade or s/tovel of the usual description ; a raie with two 
or three prongs bent downwards from the line of the handle, for mixing the hair and mortar 
together; Btopping and picking out tools t rules called straightedges t too^ models i and trowels 
of two sorts and various sizes, namely, the laying and swooning toolst consisting of flat 
pieces of hardened iron, about 10 inches long, and 2^ inches wide, very thin, and ground 
to a semicircular shape at one end, but square at the other. Near the square end on 
the back of the plate a small iron rod is rivetted, with two legs, whereof one is fixed to 
the plate, and a round wooden handle is adapted to the other. All the first coats of plas- 
tering are laid on with this tool, as is also the last, or seUingt as it is technically called. 
The other sorts of trowels are of three or more sizes, and are used for gauging the Jine stt^ff 
and plaster for cornices, mouldings, See, The length of these trowels is, the largest about 
7 inches in length on the plate, and the smallest 2 or 3 inches : they are pf polished 
steel, converging gradually to a point, with handles of mahogany adapted to the heel or broad 
end with a deep brass ferrule. 

2234. Tile stopping and picking out tools are of polished steel, of various sizes, about 7 
or 8 inches long and half an inch broad, flattened at both ends, and somewhat rounded. 
They are used for modelling and finishing mitres and returns to cornices, as also for fill- 
ing up and finishing ornaments at their joinings. There is also used a small instrument, 
which is a piece of thin fir 6 or 7 inches stjuare, called a hawk^ with a handle vertical to it, 
for holding small quantities of plaster. 

2235. The composition used by the plasterer is a groundwork of lime and hair, on 
which, for the finish, a coating of finer material is laid. The sorts of it are various ; as, 
for instance, white lime and hair mortar on bare walls ; the same on laths as for partitions 
and plain ceilings ; for renewing the insides of walls ; roughcasting on laths ; plastering on 
brickwork with 'finishing mortar, in imitation of stone work, and the like upon laths. For 
cornices and the decorations of mouldings, the material is plaster of Paris, one which fiici- 
litates the giving by casts the required form and finish to the superior parts of his work. 
The plasterer uses it also for mixing with lime and hair, where the work is required to 
dry and set hard in a short time. For inside work, the lime and hair, or coarse eiuff, is 
prepared, like common mortar, with sand ; but in the mixing, hair of the bullock, obtmned 
from the tanners* yards, is added to it, and worked in with the rake, so as to distribute it 
over the mass as equally as possible. 

2236. What is calM ftne stuff is made of pure lime, slaked with a small quantity of 
water, and afterwards, without the addition of any other material, saturated with water, 
and in a semi-fluid state placed in a tub to remam until the water has evaporated. In 
some cases, for better binding the work, a small quantity of hair is worked into the com- 
position. For interior work, the fine stuff is mixed with one part of very fine wi^ihed 
sand to three parts of fine stuff, and is then used for trowelled or bastard stucco, which maJcei 
a proper surface for receiving painting. 

2237. What is called gauge sstuff is composed of fine stuff and plaster of Paris, in pro* 
portions according to the rapidity with which the work is wanted to ^ finished. Al^ut 
four-fifths of fine stuff to one of the last is sufficient, if time can be all Wed for the setting. 
This composition is chiefly used fbr cornices and mouldings, run with a wooden mould. 
We may here mention that it is of the utmost importaxme, in plasterers' work, that the 
lime shoidd be mbst thoroughly slaked, or the conWpience will be blitters thi^n out 
upon the work after it is finished. Many plasterers keep their stuffs a considerable 
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period before thejr are wanted to be used in the building, by which the chance of blistering 
IS much lessened. * 

t2238. When a wall is to be plastered, it is called rendering / in other cases the first 
operation, as in ceilings, partitions, &c., is Ictthing^ nailing the laths to the joists, quarters^ 
or battens. If the laths are oaken, wrought iron nails must be used for nailing tiientii iHit 
cast iron nails may be employed if the laths are of fir. The lath is made in three an^ four 
foot lengths, and, according to its thickness, is called singlet something less than i 
ter of an inch thick, lath and halft or double. Tlie first is the thinnest and cheapest» the 
second is about one-third thicker than the single lath, and the double lath is twiefe the 
thickness. When the plasterer laths ceilings, both lengths of laths should be used, by which 
in nailing, he will have the opportunity of breaking the joints, which will not only help in 
improving the general Aey, (or plastering insinuated behind the lath, which spreads there 
beyond the distance that the laths are apart,) but will strengthen the ceiling generally. The 
thinnest laths may be used in partitions, because in a vertical position the strain of the 
plaster upon them is not so great ; but for ceilings the strongest laths should be employed. 
In lathing, the ends of the laths should not be lapped upon each other where they termi- 
nate upon a quarter or batten, which is often done to save a row of nails and the trouble 
of cutting them, for such a practice leaves only a quarter of an Inch for the thickness ol 
the plaster ; and if the laths are very crooked, which is frequently the case, sufficient 
space will not be left to straighten the plaster. (2246^. ) 

2239. After lathing, the next operation is layingt more commonly called plastering. It 
is the first coat on laths, when the plaster has two coats or set work, and is not scratched 
with the scratcher, but the surface is roughed by sweeping it with a broom. On brick- 
work it is also the first coat, and is called rendering. The mere laying or rendering is 
the most economical sort of plastering, and does for inferior rooms or cottages. 

2240. What is called pricking up is the first coat of three-coat work upon laths. The 
material used for it is coarse stuff, being only the preparation for a more perfect kind of 
work. After the coat is laid on, it is scored in diagonal directions with a scratcher (the 
end of a lath), to give it a key or tie for the coat that is to follow it. 

2241. Lath laged or plastered and set is only two-coat work, as mentioned under laying, 
the setting being the guage or mixture of putty and plaster, -or, in common work, of fine 
stuff, with which, when very dry, a little sand is used ; and here it may be as well to men- 
tion, that setting may be either a second coat upon laying or rendering, or a third coat 
upon floating t which will be bereafter described. The term finishing is applied to the third 
coat when of stucco, but setting for paper. 'The setting is spread with the smoothing 
trowel, which the workman uses with his right hand, while in his left be uses a large 
fiat- formed brush of hog’s bristles. As he lays on the putty or set with the trowel, he 
draws the brush, full of water, backwards and forwards over its surface, thus producing a 
tolerably fair ftce for the work. 

2242. Work which consists of three coats is called floated : it takes its name from an 
Instrument called a floaty which is an implement or rule moved in every direction on the> 
plaster while it is soft, for giving a perfectly plane surface to the second coat of work. 
Floats are of three sorts : the luind floaty which is a short rule, that a man by himself may 
use ; the quirk floaty which is used on or in .ingles ; and the Derby y which is of such a 
length as to require two men to use it. Previous to floating, which is, in fact, the 
operation of making the surface of the work a perfect plane, such surface is subdivided 
in several bays, which are formed by vertical styles of plastering, (three, four, five, or even 
ten feet apart,) formed with great accuracy by means of the plumb rule, all in the same 
plane. These styles are called screedsy and being carefully set out to the coat that is applied 
between them, the plaster or floating laid on between them is brought to the proper sur- 
face by working the float up and down on the scree'ds, so as to bring the surfoce all to the 
tame plane, which operation is termed fllling outy and is applicable as well to ceilings ^ to 
walls. This branch of plastering requires the best sort of workmen, and great care in the 
execution. 

2243. Bastard stucep is of three coats, the first whereof is roughing in or rendering, the 
second is floating, as in trowelled stucco, which will be next descril^d ; but the finishing 
ooat contains a small quantity of hair or white sand. Tliis work is not hand-floated, and 
the trowelling is done with less labour than what is denominated trowelled stucco. 

2244. Trowelled stucco^ which is the best sort of plastering for the reception of paint, is 
formed on a floated coat of work, and such floating should be as dry as possible before the 
stucco is applied. In the last process, the plasterer uses the hand float, which is made of a 
piece of halfrinch deal, about nine inches long and three inches wide, planed smooth, with 
its lower edges a little rounded off, and having a handle on the upper surface. The ground 
to be stuccoed being made as smooth as possible, the stucco is spread upon it to the extent 
of four or five feet square, and, moistening it continually with a brush as he proceeds, the 
workman trowels its surface with the float, alternately sprinkling and rubbing, the face of 
the stucco, dll the whole is reduced to a fine even surface. Thus, by small portions at a 
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time* he proceeds till the whole is completed. The water applied to it has the efTcct Of 
hardening the face of the stucco* which, when finished, becofties as smooth as glasi. 

2245. From what has been said, the reader will perceive that mere laying or plastering 
on laths, or rendering on walls, is the most common kind of work, and consists of one coat 
only ; that adding to this a setting coat, it is brought to a better surface, and is two-coat 
work ; and that &ree-coat work undergoes the intermediate process of floating, between 
the rendering or pricking up and the setting. 

2245CK, This plain plastered surface has received an improvement in a method of 
stamping or incising it, while wet, tlvs invention* in 1857, of Mr. Benj. Ferrey, architect. 

It is well known that the external rough-casting on old timber houses was stamped or 
wrought in small devices, known by the term pargettiny\ but it never assumed the import* 
ance of extensive wall decorations. The plan now proposed is to impress the commod stucco 
with geometrical or other forms, and applied according to taste, either under string courses, 
around arches, in spandrils, sofhtes, or in large masses of diapering ; and texts may be im- 
printed on the plaster instead of being simply painted on the walls. If colour be desired, 
it can be ejected by mixing the desired colour with the coat forming the groundwork, then 
by laying the stencilled pattern against it, and filling in the solid portions' of the device 
with the ordinary stucco or plaster.” The process docs not pretend to do more than 
enliven wall surfaces, but for this purpose it is very effective. Wliippingham Church, in 
the Isle of Wight, is decorated in this manner, with devices in different colours. 

1246. Ceilings are set in two different ways ; the best work is where the setting coat is 
composed of plaster and lime putty, commonly called gauge stuff (^2'i£37), Common ceilings 
are formed with plaster without hair, as in the finishing coat tor walls set for paper. The 
deflection of ^th of an inch for each foot in length is not injurious to ceilings ; indeed, the 
usual allowance for settlement is about twice that ({uantity. Ceilings have been found to 
settle about four times as much without causing cracks, and have been raised back again 
without injury. ( Barlow, p. 179.) 

2246a. In Dublin, the designations in plasterers* work are different to those we have 
named above. Work to ceilings is described as “ Lath scratched, floated, and coated ; ’* 
while to walls it is described as “scratched, floated, and coated.” Skimming^ to plasterers 
work, is a very thin coat of white (i.e. lime) put on float work to smouthe.i it, and to leave 
a clean face ; coated is the term for better work of the same character. 

22465. Hitchin*s freproof plaster appeared about 1877 ; it is valued for its simplicity, 
economy, and facility in working. The fibrous slab plastering is always dry and ready 
for fixing. The slabs on a wire base protect ceilings, walls, and woodwork from fire. 
Casings on wire base protect iron and wood girder^, columns and such like. Fugging 
slabs are used for prevention of sound. Wilkinson and Co’s fibrous plaster slabs are 
intended for lining walls and ceilings, and for fixing under slating; also to partitions and 
under floor-boards for deadening sound. 

2246r. Johnson’s patent rolled fireproof wire Imthing is now occasionally used as a substi- 
tute for wood laths. It is a foundation for Are-resisting planter. His woven wire and iron 
fireproof partition wall is intended to supersede the ordinary stud and brick partitions, and 
is applicable to roofs. Metal laths, of thin sheet iron, by Edwards’s patent, are for use in 
Ase-resisting ceilings, partitions, and doors. Wtrework, in place of lathing, for forming 
Ceilings and otlier plaster surfaces, patented in 1841 by L. Leconte, had been previously 
adopted in the building of the Pantechnicon, near Belgrave S(]uare. 

2246dl Nickfion and W^addingham have patented a elate ground for plaster, by using, in- 
stead of laths, those slates which do not turn out in the quarries sufAciently wide for sixed 
rooAng slates ; an immense number of theni being necessarily thrown aside daily, although 
of the best quality. ®The slates are Axqd in. apart; the plaster to be J in. thick, of well 
haired stuff, which keys itself between the slates; they run from 12 to 7 in, long und 
Upward*. The system was worked about 1 962 at Manchester 

2247. Pugging is plaster laid on boards, Atted in between the joists of a Aoor to prevent 
the passage of sound between two stories, and is executed with a coarse stuff made of lima 
an:i hay chopped into lenj^hs of about 2 inches. Silicate cotton or slag wool, nailed in slabs 
to the underside of the joists of a Aoor, or against the studs of a partition, acts as a non* 
conductor of heat or cold ; it is also Areproof, sound-proof, vermin-proof, and frost-proof. 
One ton of it, one inch thick, covers 1 ,800 square feet. This material is now greatly 
used; also for protecting exposed iron work. Aebeatos millboard is another material 
greatly employed for lining partitions, to dead^ sound passing through ; as welt as for 
Areproof purposes. 

2248. The following materials are required for 100 yards of render Mt; vix. hun- 
dred of lime, 1 double load of river sand, and 4 bushels of hair ; for the labour, 1 plasterer 
A days, 1 labourer 3 days, 1 boy S days ; and upon this, 20 per Cent. proAt is usually 
Ullowed, For 130 yards of lath plaster and set— 1 load of laths, 10,000 hails, 2^ butidrecT 
of time, double load of rivOr sand, 7 bushels of liair; for the labour, 1 ploiteret 
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6 days, 1 labourer 6 days, 1 boy 6 days ; and upon this, as before, 20 per 
allowed. 

inch 2 

1 bushel of Portland or Roman cement will cover, yards super, 1} 

1 ditto, and 1 of sand - - - . 24 2} 

1 ditto, and 2 ditto • - > - . sX 44 

1 ditto, and 3 ditto - - • • - 4 | 5 j 

1 cwt. of mastic and 1 gallon of oil - 


cent. 


jin. 

s 


6 


is usually 
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1 cubic yard of chalk lime, 2 yards of sand, and 3 bushels of hair, will cover 75 yards 
of render set on brickwork ; 70 yards on lath ; or 65 yards plaster ; or tender two coats 
and set on brick; and 60 yards on lath. Floated work requires about the same as two 
coats and set. A bundle of laths and 500 nails will cover about 4h yards superficial. 
Two hundred laths, 4 feet long, are required for a square. A bundle of laths contains 500 
feet nominally. 

2249. In the country, for the exterior coating of dwellings and outbuildings, a species 
of plastering is used called roughcast. It is cheaper than stucco or Roman cement, and 
therefore suitable to such purposes In the process of executing it, the wall is first 
pricked up with a coat of lime and hair, on which, when tolerably well set, a second coat 
is laid on of the same materials as the first, but as smooth as possible. As fast as the 
workman finishes this surface, another follows him with a pailful of the roughcast, with 
which he bespatters the new plastering, so that the whole dries together. 'I he roughcast 
is a composition of small gravel, finely washed, to free it from all earthy particles, and 
mixed with pure lime and water in a state of semi-fluid consistency. It is thrown from 
the pail upon the wall, with a wooden float, about 5 or 6 inches long, and as^many wide, 
formed of half- inch deal, and fitted with a round deal handle. With this tool, while the 
ulasterer throws on the roughcast with his right hand, in his left he holds a common 
whitewasher’s brusti dipped in the roughcast, with which he brushes and colours the 
mortar and the roughcast already spread, to give them, when finished, an uniform colour 
ind appearance. 

2249a. Ggpsvm or plaster of Paris is largely used in France for the construction of walls, 
both internally and externally, as well as for rendering them afterwards. We adopt 
the following method of working it, as explained by G. R. Burnell : “ The coarser kinds 
3f plaster arc used for rendering ; the finer qualities for ceilings, cornices, and decora- 
tive works. For walls, the plaster must be gauged stiff for the first coats, and more fluid 
Tor the setting coat. For cornices worked out in the solid, the core is made of stiffly 
^uged plaster, which is floated with finer material, and lastly finished off with plaster laid 
an by hand, about the consistence of cream. Practice only can ascertain the precise degree 
)f stiffness to be given, as every burning yields a different quality of plaster. When walls 
ire to be rendered, they require to be first jointed, and then wotted with a broom. The 
tirface is then covered with a coat of thinly gauged stuff, laid on with a broom, or at least 
vorked with a trowel in such a manner as to leave sufficient hold for the next coat 'I’his 
s ^uged stiff, and is laid on with a trowel ; it is floated with a rule, but the face is 
inished with a hand trowel ; the surfaces, however, are never so even, or the angles so ♦ 
quare and true, as in the usual plasterers* work adopted in England. The ceilings are 
athed about 3 to 3j inches from centre to centre, and the plaster poured in from above on 

0 a sort of flat centering, leaving about an inch for the thickness of plaster ; the ceiling 
oat is added after the centering is removed. The better descriptions are made with 
ttths 4 inches from centre to centre, the space between ceiling and floor filled up with 
ight work, and the under and upper surfaces rendered to receive the ceiling and tiles.** 

2249b, With gypsum, only about Jths 6f the evaporation arises as from ordinary plaster- 
og, A series of experiments made in 1850, proved that the cost of ordinary works need 
ot exceed in any sensible proportion, if at all, those usuaUy called ** render set ; *’ and 
hat they are strictly the same as ** render float and set.** A room was begun and finished 

1 thirty hours, whilst a common lime and hair rendering coat would have required, pro- 
crly speaking, about a month. French piaster must never be used in any position where 
loisture is likely to affect it for any length of time. It is very hygrometric, and soon 
ecays if kept moist. If it be used as mortar, as in brick-nogged partitions, to be covered 
ver immediately, a space for its expansion must be allowed. In France, a small space is 
ih between the wall and partitions; this is filled in by the plastering coat. The 
ime observation applies to floors with plaster pugging, and even to cornices with a large 
ody of that material, the mitres and returns being executed some time after the straight 
louldings. 

^^50, In forming the coves and cornices which are applied below the ceilings of rooms, 

is of the greatest importance to make them as light as possible, for the plaster whereof 
tey are formed is heavy, and ought not to depend merely on its adhesion to the vertical 
id horixontsl surfiiBes to which it is attached. Hence, when cornices run of large dinren- 
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81008, bracketing, as has already been described in the section Joinebt ( 2079 * et 
be provided, of the general form of the cornice or cove, or other work, and on this th^ 
plastering is to be formed. On this, -when roughed out, the work is run with wooden 
moulds, having zinc or copper edges, so as to give the general outline of the comice. If 
enrichments are used in it, they are cast in plaster of Paris, and afterwards fixed with that 
material in the spaces left for them to occupy. These enrichments are previously modelled, 
and from the m^el a matrix is formed, as for all other plaster casting. Great nicety is 
required in all the operations relative to the moulding and fixing of cornices, and most 
especially that the ornaments be firmly fixed by screws or other means, that they may not 
be detached from their places by partial settlements of the building, and cause accidents 
to the occupiers of the rooms where they are used. 

22d0a. Selenitic lime was the invention, about 1866, of General Scott, E.E., who 
observed that limestone capable of conversion by burning into a hydraulic lime, might 
be able to furnish a good cement by simply allowing a small portion of sulphuric acid gas 
to pass into the kiln during the burning of the lime. The process, since about 1870, is 
explained as consisting of carefully mixing with the water used in the preparation of the 
mortar a small quantity of plaster of Paris or gypsum, or green vitriol. The lime may 
then be ground in an ordinary mortar>mill with the mixture into a creamy paste for three 
or four minutes ; the sand, burnt clay, or other ingredients may then be added, and the 
whole thoroughly ground for ten minutes or more. The lime is a good buff in colour. 
With double the usual quantity of sand the tensile strength of the mortar is increased 
fourfold. It sets rapidly and well, and as stuff” in plastering it effects a considerable 
saving in time over that usually made from lime. “ Selenitic mortar saves half the lime, 
is four times as strong, and sets in a quarter of the time of common mortar.” 

22606. A rendering plaster, for superseding the use of lime and hair mortar in the 
plastering of walls and ceilings, has been brought forward by A. G. Barham, of Bridg- 
water. It is stated to be very tough and strong, not liable to crack or swell, and is applied 
without hair, direct to brick walls or lathwurk. The surface dries and hardens rapidly, 
and it cnn be painted or papered at once, as there is nothing in the plaster to injure 
either of the processes. When dry it is of itself a good grey in colour. For outside 
stucco it is also stated to be a safe material, and is likewise free from vegetation and 
colouring, 

2250c. Adamant cement has last year (1887) been introduced into this country, at 
Birmingham, from Syracuse, Now York, by a company. It is a wall plaster and cement, 
and is manufactured in three qualities. No. 1, 2, and Chromolith. The two first are used 
as for ordinary plastering, and the third in p’ace of the superior Parian cement, at a less 
c-ost. As all the bright mineral and vegetable pigments can be used with it, fioorings, 
mosaics, and mantels are produced; also tiles, marble slabs, terra-cotta, and other articles 
of a similar character. It is very hard ; costs but little more than lime plaster ; the 
room plastered one day can be used the next ; is easily applied, even to iron lath or wire 
work ; is impervious to wind or weather ; smooth to work over for painting, absorbs but 
little oil, the colours do not change, requires no sizing, and from a sanitary point of 
view is of great value. It is also considered to have fireproof qualities, 

2250d. Stucco is a species of plastering which is sometimes subsequently worked to 
resemble marble. There are two sorts of stucco, those made of limes, and those made of 
plaster. The former are often classed under the name of cements, but their disagreeable 
colour prevents their being used for ornamental decoration. They serve, however, to form 
the foundations for the better class whenever humidity is to be feared. The tetter are 
ponerally made of lime, mixed with calcareous powder, chalk, plaster, and other substances, 
in such a manner as to obtain in a short time a solid surface, which may be coloured, 
painted, and polished with such perfection as to allow of its being used instead of mor^ 
expensive materials. 

2260a.,Tbe Italians usually execute their stuccoes in throe coats. The first is very coarse^ 
to form the renderirg. The second is much finer, and contains a larger proportion of 
lime, bringing the work up to a very even close grain. The last is made of rich lime, which 
has been slaked and run through a very fine sieve ; it is allowed to stand from four to five 
mouths, in order that every particle may be reduced to a hydrate. If the lime cannot be 
kept for so great a length of time, the slaking, may be assisted by beating it up very fre* 
quently. When great perfection is required, pwjnded white Carrara marble is mingled with 
il; gypfium and alabaster are used for encloi^ situations. Colours are obtained by mixing 
with the lime such metallic oxides, &c., as the case may require. The excellence of the 
work consists in the care with which the effects of the natural marbles are imitated. 

2260/. When plaster is used instead of lime, it is gauged with lukewarm water, in which 
size or gum has been dissolved, so as to fill up the pores, to give more consistency, and t6 
vender it snaceptible of receiving a better polish. Any colours used should be previously 
dissolved in the siise water. When the whole of the stuecq^ is perfectly' dryt the surface is 
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then rubbed with stone and polished up with rubbers, much in the same way as real 
m.irble. The thii^ness of a coat of stucco varies from one-sizth to one-eighth of an 
inch. 

2250^. Stucco workt as it is called, and as executed daily in Ireland for outside 
work, consists of their roche lime, slaked for three or four months previously, as above 
described, mixed with sand, and worked up with the trowel. It stands the weather 
as perfectly as Homan cement. The term is also given to the interior moulded and 
cast work. 

2260A. There are practically five mortars now in use. 1, Ordinary grey stone lime 
mortar ; 2. The same selenised ; 3. Lias lime mortar ; 4. The same selenised ; and 
6. Portland cement mortar. The four last take a rapid set. If after a few days set they 
become expanded and disintegrated by frost it is doubtful if, when thawed, they will 
reassume a pasty condition and set again. The first develops heat in slaking, and can 
be used hot, and will therefore take longer to freeze, but then as it sets slower it remains 
longer open to the attack of frost. The budding journals in the first month of 1888 
printed a communication from Norway explaining how bricklaying was done there in 
frosty weather. It has been suggested by Mr J Woodley that, after all, the secret lies 
in * dry slaking’ the lime, and following it up in small quantities at a time, thus keeping 
up a continuous supply of mortar in a hot state. This method is to lay out a portion of 
unslakod lime, and to sprinkle upon it just so much, and no more, water as is sufficient 
to set the action callea ‘slaking* in motion: it is not to be run; then to add the 
stipulated proportion of sand, which should be spread over the lime in such a manner as 
to effectually prevent the escape of the generated heat and steam. Ordinarily, this should 
be repeated again and again until the whole consignment of lime is absorbed in one heap, 
which should be sheltered from the weather, and when required for use passed through the 
usual ‘ sand-screen ’ or sieve to remove the core. But if desired to bo used warm, it can 
be slaked and made up in small quantities as required; hence hot mortar. In winter 
time the bricks should be protected from excessive saturation by rain or snow; in sum- 
mer time it is difficult to get them wetted at all by the builder. 

22o0i‘. The plastering of a house has occasionally to be dried* artificially. Ligny’s 
patent drying process is used : 1. For damp walls and plaster in new houses, so that they 
may be papered, painted, and occupied as quickly as possible without risk to health, and 
that at a cost of from thirty shillings a room, according to degree of dampne.'-s : 2. For 
old buildings and basements where the damp arises from contact with wet soil ; also for 
drying thin walls much exposed to the wea'her and through which wet penetrates. 

2250^. Scagliola work is an imitation of real marble. Its manufacture has generally 
been assumed as a mystery. It is a species of plaster or stucco invented at Carpi, in 
tlie state of Modena, by Guido Sassi, between 1600 and 1649, It is sometimes called 
mischia, from the mixture of colours introduced in it. It was not, however, till the 
middle of the eighteenth century that the art of making scaghola was brought to per- 
fection. The following is the method of making columns and pilasters: — A wooden 
cradle, composed of thin strips of deal or other wood, is made to represent the column 
designed, but about 2^ inches less in diameter than the shaft is intended to be when 
finished. This cradle is lathed round, as for common plastering, and then covered with 
a pricking-up coat of lime and hair. When this is quite dry, the scagliola artist com- 
mences his operations, and, by imitating the rarest and most precious marbles, produces 
a work which cannot be, except by fracture or sound, discovered to be counterfeit. The 
purest gypsum which can be obteined is broken into small pieces, and calcined. • As soon 
as the Largest fragments Icse their brilliancy, the fire is withdrawn ; the calcined powder 
is passed through a very fine sieve, and mixed up with a solution of Flanders glue, 
isinglass, etc. In this solution the colours are diffused that are required to be imitated 
in the marble ; but if the work is to be of various colours, each colour is separately pre- 
pared, and they are afterwards mingled and combined nearly in the same manner that a 
painter mixes the primitive colours on his palette to compose his different tints. When 
the powdered gypsum is prepared and mingled for the work, it is laid on the shaft of the 
Jolumn or other surface over the pricked-up coat of lime and hair, and it is tloonfioated 
with proper mou'ds of wood, the artist during the using the colours necessary for 
,he imitation, by which means they become- mingled and incorporated with the surface. 
The process of polishing follows ; and this is done by rubbing the surface with pumice- 
tton© in one of his hands, while with the other he cleans it with a wet stone. It is 
-hen polished with tripoli and charcoal and floe and soft linen ; and after going over it 
with a place of felt dipped in a mixture of oil and tripoli, he finishes with application of 
Jure oil. Scagliola work is so easily put up in a building, and requires so small an 
imounc of time and expense for renovation and repair, copipared with repainting and 
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i^aniisktAg. tliat ttioae who are induced to go to ^e expenae of plMtnlng tlio walla wilk 
mastie» to be ready for immediate painting, marbling, and high polishing, might be Justi- 
fied in expending a further sum and adopt scagliola at once. For the walls of the stair- 
case in the building formerly called Crockford’s Club House, St. James’s Street, the 
scagliola was prepared upon slabs of slate half an inch thick, sawn on the surfime with cuts 
about one-eighth of an inch deep, to form a key for the plaster groundwork. When tlie 
slabs were fit for polishing they were secured with battens fixed to the wall The scagliola 
to the staircases at the Reform Club House is worked upon the walls ; they are richly 
panelled, moulded and inlaid. The fluted columns, in the same building, to the jgailwy 
and skylight of the saloon are done upon stone. The three-quarter columns in the dmwing 
and coflee rooms were cast in three lengths, and each backed with tiles bedded in coarse 
plaster. Some black and gold columns, worked in Keene's cement on stone, and two 
twis‘cd columns in plaster, are placed in Wilton Church, Wiltshire. When Parian cement 
is used, the groundwork is formed of' wet cement of the coarse quality, the veneer being of 
tlie same thickness as common scagliola ; but one half of the quantity of colours will pro- 
duce the same depth of colouring as in the common scagliola. For polishing, the same' 
process is to be followed as for walls, as described in par. 225 It. 

2250/. Scagliola floors exist at Sion House, Isleworth ; at the entrance hall at the 
Athenwum Club House, London; and at Crewe Hall, Cheshire. Many other examplee 
of tlie employment of scagliola work will be found named in an excellent article in the 
BuUdor for ISO’S, p. 840, one of the best on the subject; and another in February 1845, 
A, very inferior imitation of scagliola is too often to be seen. 

2250m. A materiai lias bccii latciy prepared* at the Patent Marble Works, for similar 
purposes. It is manufactured in slabs from ^ to 1 inch thick, of any size, for linii^, and 
for moulded work. The prices are stated to be under those of enamelled slate. Marezzo 
marble^ made of cement, has been introduced since 1868. The entrance hall at the Society 
of Arts, London, has been lined with it. 

2251. In the present time, the use of ornaments made of carton-pierrst a species of papist 
machS^ has been reintroduced for cornices, flowers, and othdr decorations. The basis of it 
is |)a)iier reduced to a pulp, which, having other ingredients mixed with it, is pressed into 
i^oul^ and thus ornaments are formed of it. 'i'hey have not all the delicacy of the plaster 
and there is the want of that nicety which a good cornice workman in plaster ex- 
hibits ; but their lightness, and the security with which they can be fixed with screws, 
render them oflen preferable to plaster ornaments. The Critic" newspaper in 1863 
stated that in Bergen, in Prussia, there is a church capable of holding 1,000 persons, con- 
structed entirely, statues and all, of papier niachts Probably, however, the material is 
that used to a very great extent in Norway and Sweden for forming the roofs of houses, 
and said to be incombustible. It appears to be in many respects similar to the Fibrous 
slab, the nianufacture of which, by Bielefeld, was discontinued a few years since, after 
much success; though the dust penetrated through it, showing the marks of the joists, as in 
plaster work. The ceiling of the reading room at the British Museum was lined with it. 
Another material, superseding carton-pierre and papier mach^, is Desachy's Fibrous plaster ^ 
which is formed of a thin coat of plaster of Paris, run upon a backing of coarse canvas. It 
is of great lightness, not inflammable, and is ready to be painted immediately after it U 
made. It is adapted for the speedy and economical production of any coffered or circular 
work ; and for wagon-headed ceilings, as but little bracketing is necessary, it being fixed to 
the joists direct; for fluted or ornamented columns, panelled dadoes, &c., for the lining of 
walls and ceilings, and for all purposes of ornamental plaster work. Mr. Owen Jones has 
extensively used this material for his interior decorations. (22465.) 

CEMENTS. 

2251a. We have already adverted to the cements used in plastering. Roman, Blue Lias, 
and Portland cements are the principal ones for the outside coating of buildings, and the 
process of laying them on is so similar to that of other plasterers’ work, that it will not be 
necessary to say much respecting them. The best mode, perhaps, of using these natural 
cements is to employ them purely in works under water, or where a great crushing weight 
is to be brought upon them at once. For foundations in damp situations, where rapidity 
of execution is desired, the mixture may lie 2 parts of sand to 3 of cement; and also for 
cornices or coatings exposed to the weather. For upright faces, the proportion is of 
3 parts of sand to 1 of cement. Care must be taken that no Assures are formed such as 
will admit water, as the action of frost will destroy it The brickwork in morUr, to be 
covered, should tlioroughly dry. or the expansion of the water will throw o£f the cement; 
the brickwork itself must, however, be wetted before a coat is applied, to prevent the 
absorption of the moisture before the coat sets, or it will not harden. With slow setting 
•ements, it is too often tlie custom to allow the lilllisg out. and even plain faces, to become 
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ptrlUHjr Mt, wheti tfi« adhesion of the next quantity wilt be found ittpetfllSM ana hnsound. 
All work requires to be finished off at once for a good result. Dirty aand causes the 
cement to be crumbly. Cement once set, or even partially so» should not be worked up 
in a fresh mixture, or it will form rotten work. Like lime in tbe setting coat in plastering, 
cement facings and mouldings are not so liable to show fire*crack8 on the face if a small 
quantity of sand be mixed up with it. 

92516. In using Portland cenunt, plasterers should use thicker screeds, and finish their 
wurit in one coat with the screed-rule, instead of working all the water used in gttoging 
to the surface witii the iiand-fioat and trowel, spoiling the thinner coat whilst they lay it 
on. This cement has an advantage over others, that it can, with good manag^nienK be 
worked in winter, while other cements cannot be so used without great risk of the fihoet 
injuring them befoie they are dry. More cement added to make a coat set quicker, canM 
it to crack and burst. This cement U best when used of a uniform thickness of 9tbM of an 
noh, any dubbing out being done with pieces of brick and Roman cement. A propor* 
tion of Portland cement mixed in the usual plastering coat affords a quicker dr 3 rilig mate* 
rial for finishing with Portland or with Martin s cement. The coarse (|uality of Martin's 
cement may take the place of plaster, and all the delays consequent on its use. 

2251c. Lime ]>utty should never be put in the finishing coat of Portland cement; it ia 
done to make the cement fat, and to save labour in trowelling the face up to a smooth sur* 
face; the lime takes weeks to get hard, the cement takes days only, hence the two cantiol 
agree. Labour to the cement and clean washed sand is all that is required. 

225 1 d. For interior embellishments, the cements known as Martin's. Keene's, ana Paxian, 
are largely adopted. Martin*a temeut is manufactured in three qualities, coarse fine, and 
superfine. The coarse quality presents a whitish speckled surface, and is supplied in reA 
light red, and grey, colours. Tlie fine is whiter; the superfine is a cream colour* It is 
said to cover 20 per cent more surface, at half an inch in thickness, at a less cost than an 
equal quantity of any other cement for internal use, and to be 35 per cent, cheaper than such 
cements. For walls, 1 [lart of coarse cement is used with 1 of clean dry sharp sand, for 
the under coat of half an inch thick, finished with J inch thick of pure cement. It is 
of a fireproof character, and preserves to some extent the building from damp : the cement 
is supposed to continue to indurate with age, and therefore to be very durable, 
adopted for floors, skirtings, and other finishings, whether plain or ornament^ %u 
of wood, the cost is stated to be less than similar work executed in that materrifi, srhile 
in appearance it is very much superior, as it takes a fine polish. It can be painted upon 
within twenty hours after having been worked on old brickwork, and in twelve bourn 
when on latlied work , but all three qualities are as well without paint. Plaster of Paris 
must not be mixed with it, or Roman or Portland cement used as an undercoat. 

2251s. Keene's cswiea^ is said to show on its face the lines of any woodwork which it 
may be carried across. If required, it can be painted upon in twenty-four hours after the 
coat on old brickwork is completed. Skirtings, flooring, and internal stucco are worked in 
this material, on account of its superior hardness. This cement will mix with any of the 
metallic oxides, &c., to produce a coloured cement. 

2251/ Parian cement (Keating’s patent), for internal stucco, has been used throughout 
the Westminster palace. It does not effloresce, takes paint or paper in forty-eight hours# 
and makes a very hard and beautiful scagliola. It sets in four or five hours. It must not 
be treated as common plastering, by being band- floated up with water, as for all purposes 
as little water as possible is to be used with it. This material must not come in contact 
with green lime, or with limewater in any of the operations. On brickwork^ it is first 
floated about ^ in, thick, with equal parts of chan washed sharp sand, and the aorfiioe 
slightly dragged. The next day a setting coat, in. thick, of net cement, may be worked, 
laid down with a beech float and slightly trowelled. If intended to be painted or papered, 
the first coat of paint should be applied from twenty to twenty-four hours after, llie 
paint is to be mixed, for the first coat, only one-fourth oil and three-fburtha turpentine, 
and with a very small portion of red lead and gold size. ^Fhe succeeding foats of paint arc 
to be mixed in the usual manner. On latAuty, the laths may be closer then usual ; the first 
coat of equal parts of clean washed sharp sand and cement, broomed while soft, and floated 
the next day with cement as before ; the setting coat to be followed up next day, and 
finished as described for brickwork. The three coats will be } in, in thickness. 

2251^. JDamp walU require a first coat of Portland cement ) in. thick ; when dry, a coat of 
4 part of Parian cement mixed with \ part of washed sand, gauged very stiff, rubbed hi hard, 
and drugged before it sets. When hard, a floating coat without sand is to be applied ; to be 
set as before on the following day, and painted on the succeeding momih^, withoait fail. 

22516. For /oort, the cement mixed with J part of Bath stone dust, | in. thick, is to be 
laid on a solid bottom of Portland concrete, in one body ) in. thick. On common plaeteriny^ 
whmre tlie ordinary time is allowed for finishing the works, the plaster is to be laid fair, 
and dragged and left to dry ; the cement to be mixed with an equal part of washed sharp 
■and W floated & in. thick. The next day a thin eoat of cement having 4 of sand ia laid 
down and tfowelled at before. If required to be papttred, it must firet have two coets ei 
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' Iti piUlib, wban raquirad tbb* painted or l&tempered on I w me d i ate ly . tiw odgk 

of the old plastering is to ba%e first a eoat of paint. ^ 

^ 22541 . For poHuhtd work on walls* the floating coat la mUed with equifl parts of sharp 
sand and eement. The setting coat is ^ In. in thickness* 6f fine net cement, rubbed down with 
grit stones and water ; the gf^ is to^ then well waahed off, and when the water is 
gone* a stopping of fine cement mixed up stiff in a pan ia to be applied and well rubbed in. 

is then to be scraped off with fi wood scaaper, and the stopping repeated until a 
proper face is obtained* leaving a scum on the face |o. be taken off by the next grinding* 
which should be done with doer grit stones. T*lie stopping is to be repeated and final^ 
finillied with snake stone* putty powder, and clean cloths. Three or four weeks* time li 
required before a good polish can be obtained, it being essential that each successive step- 
ping of fine cement should be allowed several days to harden before the snrface is again 
scraped. 

2251k. For caMng work, the cement is to be mixed stiff and dubbed in the moulds with 
a brusli, and then 1^ until thoroughly set Such are the instructions for all these severaf 
processes iaued by Messrs. Francis, tlie manufacturers of this cement, which was applied 
to the walls of the wards, corridors, and staircases of Middlesex Hospital* in 1849* from its 
non-absorbing qualities. 

225 1 /. A very good specimen of plain decorative work is to be seen in the bcoking- 
ofiice of the London* Chatham, omd Dover Railway Company* at the Victoria Station. 
The walls* piers. &c., were executed in this cement* then painted in fiat tints, and var 
aished and polished several times. 

2251m. Cement floon may be made in an economical manner, by first forming a bed of 
concrete to prevent damp rising* then placing on it a coat J J in. thick of Atkmson*s cement, 
mixed with three of clean fine sand ; or in Roman cement ; or in Portland cement* with 
four of sand, floated in by a rule on screeds, care being taken to prevent the joints setting. 
If the cement set slow* it may l>e trowelled down while soft* but not when it is setting* or 
the face will be injured. If the cement sets very quick* a rough key is to be formed, and 
then covered with fine mortar } in. thick* trowelling it gently before it begins to set. If 
rising damps be not anticipated, the floor may be first paved with clean hard brickbats in 
lieu of concrete* and covered an inch thick wiih good cement. 

225 In. Portland cement floors have answered perfectly in several instances, but it is 
an uncertain material; therefore* where the floors were not to be co^ered, or where a 
slight defect was of consequence* it has been considered better to ese other cements* such as 
Keene's* as employed at the Metropolitan Convalescent Asylum, Walton-on- Thames. A 
good floor for common purposes is made of a concrete formed of 6 parts of clean gravel to 
1 of ground lias lime : this is generally impervious to damp and vermin. 

225 io. 'Vhe hituminouB cements are used for pating* and for covering the extrados of 
arches to prevent the percolation of water through them. In all new constructions* there are 
iflways movements which crack the coatings executed in limes and natural cements, which 
are also subject to unequal shrinkage* producing crevices ; and from these united causes, it 
is very rare to And such coatings impermeable. The bituminous cements are more elastic ; 
it may happen that small crevices* so to speak, solder themselves* and if any serious repairs 
are required they are much easier to be executed than in those works executed with limes. 
Wlien aspiialte is to be used* it is placed in a quantity of nearly boiling minerai pitch to 
secure its melting. Colonal £my found the following proportions as the best for the 
asphalte of Gaugeac, and it may (le taken for the others of this class of cements* when used 
as a coating for arches; — 

pinta (wine tuemsure) of pure mineral pitch. 

1 1 lbs. avoirdupois of bitumen or asphalte. ' 

17 pints of powdered stone dust* wood ashes* or minion. 

It is ad\ isable to lay this mixture upon a bed of concrete or mortar ; and as much as possible 
in slabs of 2 feet 6 iuchea to 3 feet in width. It should be evenly spread and compressed with 
a trowel, well rubbed* amd^reduCCd to a uniform close surface. When all the bubbles have 
been expelled* a fine sMttd is sprinkled over the surface* and worked in with the trowel, 
observing never to fill the crevices formed by the air-bubhles with sand, but only with 
asphalte. The thickness for coating any arches is not more than from three-fifths to half- 
an-incli. The quantity of cement thus employed to cover a yard ^uare is about 4k lbs. 

2252. It is scarcely within tiie branch of the plasterer's practice* but as we sb^l have 
jno otlier place for adverting to it, we may as well here mention what are called ** compo* 
atti4^. ** ernamenis* seldom used in cornices* but principally for the decoration of chimney- 
glaijsei. feames* mid to woodwork generally. The composition is very strong when dry, of 
41 brownish colour, consisting of about 2 pounds of powdered whiting* I pound of glue 
in solution* and half n pound of linseed oil mixed together in a copper, heated and stirred 
.'with a spatula till the whole is incorporated. After heating it is laid upon a stone covered 
britb powdered whiting* and beaten to a tough and firm conaiatenoei when it is laid by for 
4tae, coveted with wet cloths to keep it fresh. This oompofition is then put into moul^c 
«nd preiaed* Imtar inventions have nearly caused its djiausc in architectural decoration* 
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SlCT. X. 

SMITH^EY AND XR#NMONqi|EEV« 

S253. Smitliery » the art of uniting several Ihtnps iron into one 1 m»|> or and 
forming them ioto any desired a}iape. Tho^ operations neoessaij for this are primarily 
performed in the forge» and on the anvtl with the hammer i but for finishing, man^4ther 
implements and tools are necessary. however, we do not iliinJt tfsefol to parw 

tieularise, a course we have pursued in the other^ades, because the expedionis iptr^uced 
by the engineer and machinist have of late years, except fo rough work, superseded no^y 
of them. It is now, for instance, easier to pUie iron to a perfect surface than it was a fow 
years ago to ffte or hammer to what was then always an in^perfect one. Formerly a man 
would be occupied as many nlinutes in drilling a hole as by machines it now takes seconds 
to perform. ^ ' '' 

V254. We have, in a previous section, given all the particulars relating to the produce 
<»f the metal from the ore-) in this section we propose little more than to enumerate 
ilifferent objects which the smith and ironmonger furnish in the construction of buildings ; 
and introductory to that it will be convenient to subjoin tables of the weights of rdtind and 
bar iron, and also of the weights of 1 foot of close hammered bar iron of different thick- 
nesses ; remembering thtf a cube foot of close hannbered iron weighs about 495 lbs., ol 
common Wrought iron about 480 lbs., and of cast iroli 450 lbs., whence may be derived the 
weight of other solids whose cubic contents are known. 

Table showino the Weight or one Table showing the Weight or one 
Foot in length op a square Iron Foot in length or a round Iron 

Bar. Bar. 


Diame- 
ter in 
inches. 

Weight in Ibt. 
SToirdupoii. 

Diame> 
ter In 
inches. 

Weight in Ib». 
avoirdupois. 

* 

01562 

21 

11*8125 

1 

0*3750 


13*2500 

4 

0*6562 

2| 

14*7500 

f 

1*0000 

n 

16 *.3437 

i 

1*4687 

2,' 

18-0000 

! 

2<XX)0 

2i 

19*7812 

1 

2*59.37 

2} 

21 *6250 

n 

3*3125 

3 

23*5625 

n 

4*0937 

% 

25^5625 

n 

4*9375 


27*6562 

H 

5*9375 


29 -8 125 

It 

6*9052 

34 

32 0625 

xi 

8*0000 

H 

34*4062 

If 

9*1875 

36*8125 

2 

10*4607 

n 

4 

39*3116 

41*8740 


Side of 
Square 
in 

inches. 

Weight In lbs. 
avoirdupois. 

Side of 
Square 
in 

inches. 

Weight in lbs. 
avoirdupois. 



0*1875 

2} 

15*0625 


i 

0*4687 

n 

16*8740 


1 

0*8125 


18*8125 

1 


1*2812 

24 

20*8125 



1 *8740 

•2| 

22*9687 

■ i 


2*5625 

2? 

25*1875 

1 


3*3125 

2 J 

27 ’7500 

n 

4*2187 

3 

30-0000 

H 

.'>•1875 

34 

32*5312 

>i 

6*3125 

8J 

35*1875 

li 


7*5000 

3| 

37*9687 

1 


8*8125 

Si 

40*7812 

If 

10*1875 

A 

43*7812 

12 

I 11*7187 


46*8740 

2 


13*3125 

A 

50*QS2Q 




4 

53*3125 


These fables give a little less weight (ban some others nowin use* 'f'o convert into weight 
of other metals, multiply the numbers, for cast iron by *93 ; for steel by 1*01 ; for copper 
by 1*15 ; for brass by 1*09 ; for lead by 1*48 ; and for sine by *92. 


Table I* or thb Weight of Hoor Iron, aocordifig to tba dwsfomary width and 
thicknciii by the Birmingham Wire Gauge, per 100 feel lengths (Hurst). 


Mfrk. 

Vo. 

^th ' 

la InckM* 

Weight 
in Founds. 

Varfc. 

No. 

Width 
tn Inebst. 

Weight 

In Founds, 

■DjU 

s} 

115*78 

15 

U 

SIS-S7 


3 

126*30 

15 

if * 

93>S4 


Si 

91*78 

13 (*) 

1} 

lW*s52 


a 

73*42 

17 

l| 

20*84 



71*23 * 

18 

1 

16*17 , 


2 

63*32 

19 

1 

1 12-83 ^ 


H 

47*15 

90 

I 


WSm 

1 

j 40*41 

21 

1 

6S5 
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Tkki^ II. or THx Wkight and Thioxiikss or a snniKnciAi. Foot or Shibt IftOKt 
by tht BimungbKm Wira Gauge 


If ark. 

No. 

Declmait 
or an Inch 
Thick. 

Pounds 

Weight. 

B| 

Decimals 
of an Inch 
Thick. 

PoUTidS 

Weight. 

Mark. 

No. 

Decimals 
of an Inch 
Thick. 

PoondS} 

Weight 

00000 (jj^) 

*500 

20* 


*137 

5*62 

24 

•022 

1*00 

0000 

•450 

18* 

11 (1) 

•125 

5-00 

25 

*020 

0-90 

000 (ft) 

•4375 

17*50 

12 

•109 

4 38 

26 (A) 

*018 

0*80 , 

00 (i) 

•375 

15* 

IS 

•094 

8*75 

27 

•016 

0*72 

0 

•340 

13*60 

14 

•080 

3-12 

28 

•014 

0-64 

1 (ft) 

•3125 

12-50 

15 

•072 

2*82 

29 

•013 

0-56 

2 

•284 

12 00 

>6 (|'«) 

•0625 

2*50 

30 

*012 

0-50 

3 

•261 

11-00 

17 

•055 

2*18 


*010 

0-40 . 

S-4 (i) 

•250 

1000 

18 

•048 

1-86 

82 

•009 

0*36 , 

5 

•222 

8-74 

19 

•042 

1-70 

33 

*008 

0 32 

6 

•208 

8-12 

20 

*035 

1-54 

34 

•007 

0-28 

7 (ft) 

•1875 

7-50 

21 (ft) 

*0312 

1*40 

35 

*005 

,0-20 

8 

•166 

6-86 

22 

*029 

1*25 

3b 

•004 

016 

9 

•158 

6-24 

23 

*025 

1-12 





Tahle III. or THE Weight or a Superficial Foot or Plate Ikon in Pounda. 


Thickness, parts of an Inch 

ft 

l 


i 

ft 

I 

ft 

4 

Weight in pounds - 

2*526 

5 052 

7-,578 

10-104 

12*630 

15*156 

17-682 

20*208 

Thickness, parts of an Inch 

* 

D 


I 

4i 

* i 

41 

1 

Weight in pounds - 

22*734 

25-260 

27-786 

30312 

32*839 

35*365 |37’891 

40-417 


Table IV. or the Weight of Ordinary Angle Iron in Pounds per Lineal Fooii 


Breadth in inches ... 

D 

li 

li 

2 

H 

=4 

2} 

s 

H 

3* 

Weight per pound ... 

n 

11^ 

m 

Bl 


■ 

B 

Q 

D 

m 


Table V, or Weight or Iron Bolts and Nuts. (Mulhollandy in Bulldtr^^v. 22. ; 



D 

D 

i 

1 

1 

7 

B 

1 



Ig 

14 

If 

Weight per foot of\ 

. round Iron, pounds/ 

*2 

*4 

•7 

1*0 

1-5 

2:0 

2*7 

S-4 

4*2 

5*0 

6-0 

7-0 

Weight per inch ofl 
round Iron j 

. 1 

•016 

•033 

•058 

•083 

•125 

*166 

*225 

•283 

*350 

•416 

*500 

•589 

Weight either of\ 
Head or Nut / 

•021 

•062 

•145 

•260 

*468 

•729 

1-125 

1-77 

2-187 

1 

2*86 

3*75 

4*7^ 


2S54a.^ Bolts are now often made with square heads, so that th^se being let Into the 
itimber, tlie stem cannot turn while the nut is being crewed up, Jtfachinery has been 
brotight to bear for the manufacture of bolts, rivets, spikes, and other like articles ; ^ tlie 
imotiosiB are so arranged that no attention is required beyond entering the bars into the 
ifiied and cleaning the pieces of (be ends of the irqn out of the dies.** 
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Tahlk SK 0 WI 50 THH Wbiost OP ohM-hammered plat Bab Ibow, pbom Onb Ibch wiob 
AMD AM Eighth of am Inch thick to Twkltb Inches htidb and Onb Inch thick. 


Inoheo, 
and their 

Thickness in Farts ot an Inch, and Weight ih Pounds avoirdupois* 

Parta in 









breadth. 



i 

i 

i 


1 

1 

1 



0-859 

1*289 

1-718 

2-148 

2*678 

8*007 

8*437 

ij 


0-484 



1*937 

2*4*22 

2*906 

8-383 

3*868 

H 



1-078 

1*639 

2*148 

2*682 

3*226 

3*758 

4-805 

li 


0-693 

1-187 

1*773 

2*368 

2 963 

3-647 

4-133 

4*726 

1. 



1*289 

1*937 

2-679 

3-218 

3*867 

4*608 

6*166 

1 


0-696 

1-308 


2*789 

3-492 

4*187 


6686 

1 




2-260 

3-008 

3-768 

4*608 

6-266 

6016 

i] 


0-804 

1-609 

2-414 

3*218 

4 281 

4-835 

6641 

6*446^ 

2 


0 859 

1*699 

2*578 

3-437 

4*297 

6-166 

6 016 

6*874 

2^ 


0-913 

1*828 

2-742 

3-366 

4-662 

5-476 

6 391 

7*305 

2 



1*937 

2-897 

3-867 

4-836 

6-805 

6766 

7*734 

2 


1-023 


3 062 

4*148 

6-101 

6-125 

7*148 

8*164 

n 


1-069 

2-148 

3218 

4-297 


6 446 

7-647 

8-594 

2i 


1-125 


3 383 


5 641 

6*766 

7*897 




M79 

2*366 


4-726 

6-905 

7-093 

8-273 

9-443 ! 



1 234 

2-468 

3-721 

4-937 

6 180 

7-414 

8-648 

9-882 

3 


1-289 

2-678 

3-867 

6*166 

6-445 

7*734 





1-344 

2-687 

4-031 

6-375 

6*734 


9-398 

11-742 

3; 


1-398 

2-789 

4-187 

6-609 

6*984 

8-376 

9-778 

11-172 

d| 


1-443 

2*906 

4-335 


7-260 


10*166 

11-601 

8) 


1*500 


4-608 

6-016 

7*616 



12*031 

3 


1-662 

3-117 

4-672 

6*226 

7*789 

9*344 

10 906 

12-461 

32 


1-609 

3-218 


6*446 


9-664 

11*281 

12*890 

b] 


1-630 

3-328 


6*866 

8*328 

9-992 

J 1-666 

13 320 

4 


1-718 

3-437 

5*156 

6-874 

8*593 

10 312 


13*750 

8 


3-436 

6-874 

10*312 

13-748 

17*186 


mUlLym 

27*400 

12 


6 156 

10-312 


20-625 

26-781 

30-937 

36094 

41 260 

If of Cast Iron, 

12 

4-836 

9-664 

14-600 

19-336 

24-172 

29-000 

33*836 

38 672 


2266. For the carcase of a building the articles furnished by the smith are, wrought 
iron cohtmm with cape and "babes for the support of great superincumbent weights. 
Wrought iron columns were used in England as early as 1860 by Sir W. Fairbairn, 
together with wrought iron girders, and brick arches for fireproof work. When columns 
are beyond a certain length in proportion to their diameter they fail by bending, and not 
by crushing ; also wrought iron is much stronger to resist tension than cast iron ; 
and as it is an undoubted fact that connections can be made to wrought iron much better 
than to cast, we hare here a combination of advantages where long columns havo^ to 1^ 
used which cannot but be appreciated. The use of steel for constructional purposes is 
increasing rapidly, as it is so'^much more reliable than iron. Messrs. Lindsay roll many 
sections of steel which can very easily be formed into columns by riveting, A column 
made of a sejries of steel troughs, 16 inches diameter externally,,, wo^ld bear a safe load 
of 116 tons if 80 feet long, and the weight would be 74 lbs. per foot only. A oast iron 
column 16 inches in diameter, 30 feet long, with IJ inches of meUl, wonld (roughly) in 
weight be 220 lbs. per foot run, and safe load 100 tons (J. Slater). Combination columns 
of steel can be made to 6 feet diameter ; these, having a central concrete filling and outfer 
ring of bricks in cement, can be design^ to sustain a load up to 2,000 tons. They are 
made from 13 inches to 48 inches in diameter, and are staM to be not more expensive 
than cast iron columns, and far superior. Cast iron columns and stanchions were pre- 
ferred both for economy and stiffness, as was also that material Ihr girders, beams, joists, 
and bressummsrs, until the introduction of plate iron and roUed iron (all which have been 
treated in previous sections). Iron columns can be rendered by encasing them 

with fireclay blocks, grooved and secured by iron plates with claws, wfcich fit on the rivet 
hea^. For round columns a metal band is brought round the column, hooked together, 
and dropped into the groove of tie blocks. In either case a heavy bed of mortar is next 
applied, and then another oourse of blocks is bedded over the band or plate. Then it is 
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Mllll^ed with Keene's or Parian cement, making a good surface for decoration, (ksi^ 
shear^ and sprmg steel ; charcoal sheets and jUaies ; boiler ^ toAk^ and fiitoh flates ; 
^/^anized and tinned sheets ; chequered floor plates^ buckled plates ; fiat bars np to 12 in. 
>flp|e, round bars up to 8 in. diameter, square bars up to 5 in. ; angle^ T» Ai^d trough 
iPW^* descriptions, straps, holts, nuts and screws, plates, washers, and the 

1^, employed in connecting pieces in framing where the strain is greater than the mere 
fibres of the wood will resist. Half-round, heuelled, oval, octagon, hexagon, moulding, and 
fancy irons ; hoop iron, nail rods, and sash iron ; shofs for piles, when that mode of 
obtaining a foundation is adopted ; sanitary appliances in iron ; manhole covers for access 
to sewers and drains ; The Kenon disconnecting trnp and cover, hinged to manhole for 
outside a building, and air-tight cover for inside a building. Cramps for holding blocks 
of stone together ; but those of cast iron are better, as less likely to be subject to oxida- 
tion, while those of copper or gun-metal are still better; ar^a gratings and window bars 
for securing openings, now generally superseded for those of cast iron, especially when 
of an ornamental character, as are balusters and ratlings for stairs and balopies. 
Ornamental fancy gales. Rain-water pipes in 6 feet lengths, 2 to 8 in. in diameter, with 
their cistern heads, offsets, dbowa, branch pieces, shoes, union sockets, and ears plain and 
ornamental. Sqmre rain-water pipes, 2J in. square, 3 in. by 2| in., 3 in. square; 3j in. 
by 2 in.; in. by 21 in., 3i in. by sj in., 4 in. by 2^ in., 4 in. by 3 in., 4§ in. by 3 in., 
4 in. square, and 6 in. by Z\ in., with branch pieces, shoes, ears, &c. Rain-water gutters 
of all shapes and sizes, plain and moulded ; patent spout irons or brackets, with a screw 
pin to bind the spout to the clip ; roof gutters between slopes, square, angular, and square 
and angular. Gyegson’s pcrfectum down spouts ; where the pipe is simply hung on the 
nails and projects an inch from the wall ; it Iihs a 7-inch socket for sliding to wall joints, 
and for sliding out any broken middle lengths for renewal without removing others or 
drawing the nails. His separ-ite patent hanger can be bolted to the ear ot any other 
maker s pipes ; when bolted they project 1 1 inches, so as to be painted all round. Pave- 
ment gutters, air or .stench traps, scrapers, and coalplates, for which last have lately been 
brought oi|jf Banner’s self-fastening ; Stidder’s self-locking ; also one self-fastening put 
forward bf)i|Miknpany ; Hyatt’s glazed coalplates ; with many, if not all, of the articles 
required forSfiiible fittings, either plain, enamelled, or galvanized, as advertised by Varnel ; 
Cottam and Hallen; the St. Pancras Iron Work Company; Musgrave, at Belfast; and 
others. Pavement lights, or Hayward’s patent “semi-prism,” are extensively used for 
lighting basements, cellars, and underground apartments, giving a brilliant result. 
Hayward’s stall board lights. The former diifors greatly from the prismatic or ship’s 
deck lenses. T. Hyatt’s patent ornamental tile and glass lights for pavements, semi- 
prism gratings to light basements, he., stall-board lights, &c. ; the former have a neat 
appearance, and afford a better foothold than glass alone. There are also Hamilton’s 
patent prism, and Halford’s patent prism pavement. Circular iron staircases with the 
head, riser, and spandrel in ono, and adaptable where the space is confined, or to pass 
from one story to another only ; and among other things, chimney bars to relieve the 
weight of brickwork over a chimney opening (in kitchens and rooms where a large 
opening is required, and two bars may not bo sufficiently strong, a wrought or cast iron 
cradling is nece sary). The Metropolitan Building Act requires that under certain cases 
the abutments of a chimney must be tied in by an iron bar or bars, turned up and down 
at the ends, and built into the jambs for at least 8^ in. on each side. 

2255a. The advantage of now being able to procure wrought iron flitches of a good 
length and depth has obviated the necessity of welding two or mDre lengths together by 
the sledge hammer, which has not a sufficient impetus to reach the veiy core of the 
metab and thus the joint became weaker than the remainder of the flitch or bar. In 
experiments were made at Paris, on the effect of welding by hydraulic pressure; 
two bars, each Ij in. square, were thus welded together with great ease, and the machine 
wa« stopped when the part welded was brought down to the thickness of the bar. After 
cooling, the welded part was cut through, and the inside was found perfectly compact 

22555. Boilerplate is made of rolled or wrought iron. They are termed sheets when 
under ^ inch in thickness ; plates from a ^ inch to 2 inches thick ; and slabs when more 
^han 2 inches thick. They are named a^ordiog to the quality of the iron, or the locality 
where they are manufactured. The sizes of those most in use are 6 fbet to 9 feet 
• long. 2 feet to 4 feet wide, and from a J to } of an inch n thickness. Pure charcoal 
Sw^ish galvanized flat sheet iron is imported for rooflng purposes, instead of zinc or 
lekd. It can be bent and hammered without cracking. 

2265c. Corrugated iron is sheet iron which has been rolled into the form of a series of 
waves.^ It is in that state frequently used for a covering foy temporary purposes ; be- 
tween joists to carry concrete, &c. ; and for fencing, the corrugation giving a thin sheet 
great japabiliry for carrying a heavy weight, or for stiflfening framework. The flutes are 
generally about 54 or fi inches from centre to centre. Sheets of Nos. 16, 18 and 20 wire 
gauge are made &om 6 feet by 2 feet, to 8 feet by 3 feet \ and of Nos. 22, 24, and 269 
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i^m 6 feet bj 2 feet, to 7 feet by 2 feet 6 inches. In c&lcalatif^ the measure for fixed 
roofing, add X to the weight per square for lappii^. The sheets should OTerlap each 
other about 6 inches, and be double riveted at the joints. About 3 lbs. of rivets are re- 
quired for a square of roofing. In roofs, the iron sheets are best used in a curved form. 

2266d. Wrought iron oaaements are still introduced into buildings. This has given rise 
to several improvements upon the old method of manufacture fOr making them wind and 
water tight. Those now generally advertised are : — patent wrought iron windova, by the 
General Iron Foundry Company (Limited) ; Burt and Potts* patent wrought iron waters 
tight window and frarne] Gibbons and White’s wrought iron weather-tight casements and 
frames for stone mullions ; and casements for wood mullions, as designed by Mr. G. Devey, 
architect. All these are fitted with casement stays and fastenings. Connect^ with this 

purpose are Smith’s (of Princes Street, Leicester Square) 
patent weather-tight water-bar” for French casements, 
formed in the sill; and one of another make, by a 
manufacturer of the same name (formerly of Queen Street, 
Oxford Street). In connection with this sulgect is the 
use of iron bars and casements for forming the lights in 
rear of warehouses and offices in crowded localities, for 
the purpose of obtaining as much 
space and light as possible, at the 
same time so as not to interfere 
with neighbours’ lights. A useful 
example, designed by Mr. Bassett 
Keeling, architect, is given in the 
Builder y 1880, vol. xzxix. 202, 
from which the • following cuts 
forming part of the illustrations 
’’^are here given. Fig, 807c. is a 
^ section of the lower part of the 
vertical framing and sill. Fig, 
S07h. is a section of one of the up^ 
right bars, showing hinge of casement. Fig. 807L is a section of the other bars and of 
the side of casement. Fig, S07g, is a section of the horizontal bar on the curved head 

from the vertical to 
\ the head. Fig. 807/. 

shows the finish of the 
curved head against a 
wrought iron girder 
carrying a wall above. 
The letters B show 
the iron framing; 0 
the iron casement ; G 
the glass ; W the 
inside beaded wood 
framing. 

22 ^6e. Fire-proof 
iron doors are made to shut 
in a rebate, as required under 
the Metropolitsn Building Act, 
or are made sliding ; or sliding 
as carried out byMessrs. Hobbs, 
Hart and Co. on their new pa^ 
tout clutch rebate principle. A 
^ door on each side of the party 

® wall is usually required; and 

for warehouse purposes in Lon- 
don they are specified to be made folding, and to be not larger than 
a definite size. The usual dimensions, outside of frames, of fire- ^ 
proof wrought iron doors and frames, may be usefully inserted 
here : — 6 ft 9 in. high by 2 ft. 8 in. wide ; 6 ft. by 2 ft. 4 in. ; 

6 ft. 2 in. by 2 ft 6 in. ; 6 ft. 6 in. by 2 ft. 6 in. ; 6 f c. 2 in. by 2 ft. 

8 in. ; and 6 ft. 4 in, by 8 ft. 

22dfi/. Iron shop fronts are introduced in many towns. They 
are m^e from 12 feet by 6 feet to 14 feet by 10 fret, generally 
at one shilling per superficial foot. ** Whole bvass” and ** half brass” 
rig.ws, gngjj Qf nearly every form and size, are manufactured, M 
#ell ae brass, copper, and zinc beads. MeUd ** stall-board plates ** hardly come within 
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exeept to notice theiQ« With this mljeet it connected the varieties of 
imdvmg $hHiteri in iron, wood, or steel, and with w without machinery ; and made to 
lift up, or down, or to more sideways. A rerolwng sfrfety shntter in one sheet pi steel 
it probably the last inrention ; it requires *no mad^iDery. Where the old method of 
putting up shutters exists, Jennings's thoei secure them as they are each put 

up, without the necessiry of any shutter bar. 

2266o. Wrought iron wine Was, and new registered iron bins, adapted for small quan 
titles of wine, placed in a closet in a sitting or other Ibom, and with or without doors, 
will be found a useful addition in small houses. 


ORNAMENTAL METAL WORK. 

2256A. The ornamental portion of smith's work has been largely introduced, of late 
jears especially, in wrought iron shaped by hand into rarious devices and patterns, more 
especially according to the several periods of medisBval architecture. The taste is chiefly 
developed in gates, railings, altar and staircase standards, screens, grilles and gratings, 
tombs, hinge fronts, the band finishing either in a flenr de lis or trident, reaching to 
about three-fourths of the width of the door, and of Jths iron ; or in some scrollwork, 
which curls and scrolls over the entire face of the door ; shutter hinges, common door 
hinges ; gable crosses, terminals, vanes, and hipknobs ; ridge crestings ; drop handles 
with plates, closing rings and plates ; lock plates and escatcheons, knockers, keys, latches 
and bolts, bell pmls, levers and plate pulls ; umbrella stands ; scrapers ; fenders and 
fire-irons ; dog-grates ; lecterns and book rests ; candlesticks, gas, lamp, and candle 

f endants and brackets, desk lights, and standards ; coronse lucis, lanterns, and piUam. 

t is almost unnecessary to add that many of these articles are to be had in polished 
brass, and that many of them are imitated in cast iron. Wrought and caat iron, as in 
panelled work to gates, are sometimes employed together, the wrought parts encliMtng 
the panels. . 

22dd{. As iron iks now neither the tenacity nor the ductility which it gained by the 
old process of being repeatedly forged, the modern smith can scarcely hope to emulate 
the line works which were produced in mediaeval times, unless the iron be made for thd 
purpose. It is not easy to repeat the mediaeval operations of slotting. a bar, so as to get the 
eyes at equal distance**, without a machine ; or of fastening hot (or, as in later times, 
cold) clips ; or of cutting slits into a bar from the edge, and then curling the splintered 
parts; yet these were common work for the smith in the 12th century. It is equally 
difficult to produce the twisted work which was easy to the mediaeval smith, whose chief 
«are in the 13th and 14th centuries was bestowed in welding, stamping, and chiselling ; 
the file was scarcely ever used. In welding he was careful to fire the two parts separately, 
'getting the upper one to a white heat, the lower part to a red heat, and hammering the 
joint lightly at first, but harder as the iron grew colder. He disguised .the uneven state 
of the upper part by punching on it separate dots, or else close ones, forming a sort of 
incised line. 

In veiy large specimens of ancient work, some parts are additions entirely 
welded, others are additions confined at the ends by bands, which are welded across the 
groundwork. To imitate work of the 13th century, such as a grille, requires a drawing at 
full size, aud a^ttatrix for each leaf or bud, with an anvil cut to each section which a bar 
or a band is to assume ; this last seems, with regard to the bar, to have been overlooked 
by M. VioUet-le-Duc. Then, when a bar has been rounded (if needful), and the end 
stamped, Jbhe eirl is given, and the smith has a stalk with a foot. Two of these must-be 
applied to the drawing to have the point of junction marked, and the feet are to be w^ded 
together. If the sprigs then made are to be combined into branches, the larger stemisito 
be prepared ; and, if moulded on the face, this was passed between the hammer and th6 
cut anvil by a process pquivalent to rolling the bar. After the sprigs are welded with fbu 
branch, the poverty of the joint is perhaps to be masked ; usually the mask was a moidded 
band, to which an ornament, cup of foliage, was sometimes added; but frequently 
the baud was superseded by a sU^pod button. After the feet of the branches are wekled^ 
to the trunk or main stem, bands are laid over the junction, are welded, and are finished 
with the chisel. The whole has to be riveted to the framework. The size and w^ght 
of the pieces at the last times of welding were difficulties that were partly obviated af^ 
1250 by omitting the welded bands. 

2266^. These operations were superseded by the introduction of sheet iron, in England 
before 1800, in Geruiany before 1400, and in France soon afterwards, whi<^ was cut 
and bossed to a remarkable extent, sometimes stamped, and frequently welded, but 
later was riveted. In work of the 16th century the bars are neither stamped nor 
chased, and the sheets are riveted instead of being welded ; but later they are either 
pUuted or housed. Finally, the medinraX spilth ^turned to the slots, mortises, and 
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ihort bar* of th# aarflw periods, and osed clips wbich were closed cold Tritb rivets of 
soft iron. ^ 

• 226df. Tlie use of metal work in decoration, both as fixed in bnildings, and in nseful 
movabU articles, is most ancient f ihe use of hronet is recorded extensively in Greece 
and Borne. The metal so used has been mostly lost to us. Except gold, this is the most 
enduring metal, and is susceptihle of the finest work which the modeller can bestow upon 
It, and^ the chaser can enlar;^ on it. Its tenacity, too, enables cast work to hare thick 
and thin places, such as cast iron, and to some extent cast brass, will not allow without 
cracking. The statue of CoUeoni at Venice, by Verocchio, is a fine example, together 
with its band of bronze omatoent round the pedestal. The gates and enclosure of the 
tomb of Henry VII.*b cbi^l in Westminster Abbey should be studied for the art as well 
as for their cxirious construction. Bronze is a metal which is beautiful if left in its own 
golden tone, and in changing from this tone it never becomes ugly. It can be gilt, and 
will take various patinas, the green, brown, and black ; and when used with marble of 
contrasting colours, produces effects which cannot be had so well in any other way. J. S. 
Gardner, Mtmvmenial Use of Bronze, in Journals of February and March, 1868, which 
describes the cire perdue process of casting. 

2265m. Wrought iron has special qualities of strength, tenacity, durability, and relative 
cheapness. It has lately come more and more into use. Hinges, screens, railings, grilles, 
knockers, door bandies, dogs, fenders, fittings for lights, fire irons. 

226 5». Polished iron is to be seen, bat is not generally suitable for use in this 
damp climate, but the fine grey polish it takes is very harmonious with rooms ricMy 
furnished. 

2256o« Sied was much used in the latter part of the 18th century; it has rather 
a cold and severe tone, but where it can be kept clean it may bo used with excellent 
effect. 

2255jp. For external work, black or painted wrought iron must be used. The present 
manufticture of iron is not favourable to durability ; the old mode of smelting by charcoal 
made a finer, close and ductile iron, and less liable to rust ; and perhai^ the atmosphere 
in the great cities and towns is not favourable to the duration of ‘^l^ngbt iron work. 
For fine work the best iron should be used, especially when the work is intricate and needs 
many welds. The French work of Louis XIV .’s time is very stately, rich, and well 
balanced in design, with firm leading lines and graceful foliage and garlands. In Louis 
XV.’s time the curves became bolder and looser, as in all art of that time, as in the eight 
screens in the Grand Place at Nancy. In Louis XVI.’s time the work became elegant 
and rather stiff. Soon after, fine ironwork died out. The German work is comparatively 
clumsy, and ' the endless scrolls with sprays going out at strange tangents, and passing 
through the scrolls in ^atuitously difficult ways, the scrolls ending in flowers of the 
shape of cocoons, and with antennae springing from them, so as to remind one of great 
insects, are not very beautiful, if clever from the ironworker’s point of view. In later 
times ironwork throughout Europe seems to have been greatly affected by the French 
taste of the time. In England, the very noble work of Huntington Shaw, now at the 
South Kensington Museum, haring been removed from Hampton Court Palace, is different 
from any other work, though it has its points of resemblance willi French ironwork. 
This and the gates and grilles in St. Paul’s Cathedral are some of the best ironwork in 
England. The construction is good, and the ornament is so applied as to enrich the 
instruction without hiding it, and to make a good composition of open and solid work, 
well contrasted and varied in the screens almost infinitely. There is a largess of 
style in these screens and in the St. Paul’s work, probably impressed upon it by Sir 
C. Wren. The later work at the Adelphi has a VQvy good contrast of free and rigid 
lines. 

2255}. There is no reason why the men now living should not do work as good as the 
old men did. 1 here is still skill, patience, and dexterity in the country, and English 
%ork from the 12th to the 18th century can be well compared with work of other 
countries, so we need not be ashamed to compare that of the 19th century. The design 
ihust be suitable to tne material. (H. Longden.) ^ 

2255r. The chief articles furnished by .the ironmomobb are for the joiner’s use, 
and, except m particular cases, are kept in store by that tradesman for immediate 
supply. 

2257. They consist In screws made in brass, copper and iron, whose common sizes are 
from three-quarters of an inch up to 4 inches in length. Thev are sold by the dozen. 
^if-h&rmg teemed screws, the thread being made at a particular angle, are supplied in lengths 
i J. 1. li, li> If 2, 2f 8, 8f and 4 inches. 

2257a. NaMa are now both wrought, cut, and cast, and made of iron, copper, and zinc. 
They are called by a variety of names, according to their special uses. The principal are 
Muck nails t whose sha^s are flat sq |s to ho^.fa^t pot open the. 
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tSa^wjp 'mils are for fastening olampe. mils, ot* iMs, ar0 tBose ^i4tH 

^4atted heads, so that tbe^ may clasp the wo<^ Tl|ey also render the wjood smooth, sd 
%• to admit of a plane going over it. The sorts of most common use in building are 
known by the names of ten~penny, twenty-penny, 4nd two-shilling nails. , Cleneh naw are 
such as are used by boat and barge builders, i^^rnetimes with bores or nuts, bwb often 
without. They are made with clasp heads for &ie work, or with the head beat^t on 
two Sides. Clout naiU, used for nailing clouts on axle-trees, are flat- headed, and iron- 
work is usually nailed on with them. l)eck nailSt for fastening decks in ships and floors 
nailed with planks. Dog or johent nails, for fastening the hinges of doors, &c. Flat 
points are of two sorts, tong and short*, the former much usdd in shipping, and useful 
where it is necessary to hold fast and draw without requiring to be clenched ; the latter 
are furnished with points to drive into hard wood. L^ad nails, used for nailing lead, 
leather, and canvas to hard wood, are the same as clout nails dipped in lead or solder. 
port mils, for nailing hinges to the ports of ships. Bibbing nails, used for fastening the 
ribbing to keep the ribs of ships in their place while the ship is building. Bose nails are 
drawn square in the shank. Bother naUs, chiefly used for fastening rother irons to ships. 
Scupp^ nails, much in use for fastening leather and canvas to wood. Sharp nails, much 
used in the West Indies, and made with sharp points and flat shanks. Sheathing nails, 
for fastening sheathing boards to ships ; their length is usually three times the thickness 
of the board. Square nails are of the same shape as sharp nails ; chiefly used for hard 
wood. Brads are long and slender nails without heads, used for thin deal work to avoid 
splitting. To these may be added tacks, the «malle‘»t sort of which serve to fasten paper 
to wood ; the middling for medium work ; and the larger stze, which are much used by 
upholsterers. These are known by the name of white tacks, two-penny, three-penny, and 
four-penny tacks. Cut nails are now much used. 

2257^. Nails of Crown quality comprise “cut clasp of inch, 1^, 2, 2J, and 8 to 6 inches 
long. Floor brads of and 2^ inches long. Cut lath of | and 1 inch. Joiners' brads 
of 1, 1|, 1^, 1}, and 2 inches. Steel flat point rose for clenching, IJ, Ij, 2, 2J, 2j, 2J, 
and 8 to 4 inches long. Cordes’ patent rose, flat points, 1^, 1^, 1}, 2, 24, and 3 to € 
inches long. Slate nails, or inches, of zinc, wire, malleable, galvanized.” Spikes of 
b , 6, and 7 inch lengths. See Glossabt, adhesion. 

22670. Weight of Flooriko Brads peb 1,000 (rarely exceeding 900 Nails), 


j Wrought. j 

1 Patent Cat. 

ThioknesB of 

Length. 

Weight. 

Length. 

Weight. 

floors. 

2 inch. 

8 1b. 

2 inch. 

8 1b. 

J inch. 

2i „ 

10 „ 

2i „ 

10 „ 

Inch. 

24 „ 

12 „ 

24 

12 „ 

Inch. 

2} M 

10 M 

n .. 

16 „ 

14 inch. 

3 

20 „ 

3 .. 

18 „ 

4 ,, 


22^7d. Theks are tinned over ; and all nails can be galvanized to prevent their 
rusting. Nails for ornamental purposes, and likewise screws, are made with brass heads, 
and the latter also with gilt heads, 

2268. Butt hinges, whose name is probably derived from butting close surface to sur- 
face when closed, are used for hanging doors and shutters, and mad^e of wrought and cast 
iron and brass, the former varying in size from 1^ to 4 inches in length ; the latler from 
1 inch to 4 inches. These, as well as all other binges, are in size necessarily proportioned 
to the magnitude and consequent weight of the shutters or doors they are to carry ; and 
it is to be observed that, for the well*^handng of a door or shutter, the size of the hinge' 
should be rather on the Outside of enough than under the park. Tliere is a species of 
hiiip;e used for doors called the rising Mnt hmge, a contrive^ in which the pivot, having 
on It aldiort portion of a spiral thr^, and the part to wwm the door is flxed having a 
correspondent mass, the door in opening rises, and clears the carpet or other impediment 
usually plao^ on the Qoor. The prqfeoting |pra9s butt is used when the shutter or door 
is required to clear some projection, and thus, when opened, to lie oomplet^y back in a 
plane parallel to its diiection when shut. All hinges are sold by the pair^ imuding the 
aeoeisai^ aeraws. 

Besides these hinges there are mm getmeih urheoe tofem is like the letter H 
sidesioee. l^ese are cully op the ce|ea|hiieg teateriud doMee, and are madu 
1^ to ig imehes, varying m their ttm facheo* H 

0t Hit &e mm h* ahov^liliib mm m ^ ^ 
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pro^d hy indiPSr Fianfomeni kwffn w to allow a airntter to open back apoa a wall, 
and are made of cast and wrought iron, from 3^ to 5 inches, proceeding in size hy half 
ihches. 

22686. Bedmand’s patent hinges ccmsist of^ iron rising batts; cv in brass with 
moulded burnished knuckles and concealed joints ; iron and brass projecting butts with 
moulded burnished knuckles, flaps, and ooncealed joints, in three sizes of proportional 
strength, to 4]^ inches projection ; psto hinges^ in iron and brass, projecting 1,1^, 

and 2 inches. losing spring hinges in iron ; and not rising spring hinges, in brass, iron, 
and patent malleable iron, and of single and double action ; these are made flush, the 
knuckle being made to suit the bead of the architrave ; rising swing hinges, which rise and 
act each way ; gate hinges of many descriptions, &c. 

2268c. Collinge’s patent spherical hinges run from 2 to 6 inches, in plain brass, orna- 
mental brass, and cast iron. The gate or strap hinge, from I foot 6 inches to it feet 6 
inches, in steps of 3 inches. Improved gate springs, with hardened joints. Spring 
binges, and also to open both ways, ore made light, strong, and extra strong, for 1^, 2, 2j, 
and 2^ inch doors, in iron and brass. 

22d8d. Among other useful hinges are swing centres, double action, to open both ways, 
known ^^Smith’s patent, Bedmund’s and "Gerish’S, chiefly for 2 and inch doors. 
Hart’s iron rod door springs, from 16 to 42 inches, called No. 1, Ko. 2, No. 3 and No. 4 
qualities, also brass mounted. Circular door springs. Bising and not rising door back 
springs ; spiral door springs ; and patent climax door springs for single and double 
action doors, must also be noted for closing doors. 

2259. J^otigh rpd bolts are those in which there is no continued barrel for the bolt, and 
are for the most common service. Their sizes begin with a length of 3 inches, and pro- 
ceed by inches up to a length of 10 inches; such, at least, are their common sizes. 
Bright rod bolts run of the same sizes as the last ; and, as the name indicates, the bolt is 
polished and finished, so as to make them a better fastening, as far as apf>earance is con- 
concerned. The spring plate bolt is contrived with a spring to keep the bolt up to its 
work, but one which so soon gets out of order that we wonder it is now manufactured or 
used. It is made of lengths from 3 to 8 inches, hy variations of an inch in size. Barrelled 
holts B.TO those in which the whole length of the bolt is enclosed in a continued cylindrical 
barrel, and are superior to all others in use. as well as thu most finished in their appear- 
ance. The common sizes are from 6 to 12 inches, varying by steps of an inch. All the 
bolts above mentioned are sold per piece by the ironmonger, as are those called flush bolts, 
a name given to such as are let into the surface to which they are applied, so as to stand 
flush. with it. They are mostly made of brass, and are of two different thicknesses, viz, 
half and three-quarter inch. Their lengths vary from 2^ to 12 inches, and occasionally, 
as circumstances. may require, as in book-case doors and French sashes, to a greater lengtL 
But for FrendM^ements, what is called the Espagnolette holt, a contrivance whoso 
origin is Frenc|^^Wigh much improved in its manufacture here, is now more generally 
in use. Smith^M^^ weather-tight casement fastenings for French windows, consist of a 
plate formed in^llMge of one door, which when shut is forced half its width into a 
groove in the otbhrdoor. This acts in lieu of the Espagnolette bolt above mentioned. 
Smith’s patent water bar for casements opening outwards has been mentioned in 
pars. 21666. and 2266(2. Jackson’s patent mortise appears to be a late improvement 
upon the round or the flush bolt. Elliott’s patent perfect simplex metal weather bar is 
f^dapted for all sorts of casements and doors opening inwards. It is made in zinc, brass, 
and iron. 

2260. Bulleys, for hanging sashes and shutters, are made of iron and of brass, and with 
brass sheaves and brass axles. Their sizes are from one inch and a half to two inches 
and a half in diameter. M'Adam’s pullers for window sashes, of porcelain or vitreous 
material, are considered to be exempt frim damp and rust through which cords may 
become rotten. He adds to them a method of hanging double sashes with a single weight 
on each side of the window. Johnson’s patent axle pulley for sashes, whereby the 
wheel, axle, acnd bushes can removed for oiling and cleaning ; the two last being 
covered in, are protected from dust and damp ; and the wheels cannot get fixed us in 
ordinary pulleys. Adams’ patent reversible and sliding window, by which the glass can 
bo cleaned from th6 Inside. Solid-frame oilaUe sash pulleys. Austin’s imperial patent 
sash and blind lines are made of flax in four qualities, and his new imperial patent 
flax sash line for heavy weights. Patent braided sash line with a twisted copper wire 
centre, known as the ** patent golden eagle sash line.” A common description is made 
from jute, but it is very inferior to flax, Henry’s patent sash line fastener is easily fitted 
and toe cord readily adjusted. Newall’s patent copper wire cord and wire strand are 
eatensively used for window sash line, hothouses, lightning conductors, picture cord, 
clock SQTCU tent ropes, clothes lines, See ; the advantages, as reported, being that they 

cheaper, mucfi^more durable, equally fleidble, and one-sixth part the bulk. Kewall’s 
patent improYcA tows rope wc do not detaiL 

3A 
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Tablh I. OF KawAix’fi Coppbb Cohos. 


Number .... 

0 1 


u 

li 

2 

8 

4 

8 

6 7 8 

a 10 

Diameter, inch . 

i 






* 




BreaklTig strain, lbs. . • 

Working load, in Ibe. . . 

Lightning 

Oonduotor. 

i2ee 

836 

For Window Soeh Line, 
Hoteonse, Sto. 

860 1 690 1 480 1800 (180 1128 
224 1 168 1 112 1 78 1 48 1 81 

48 

11 

Picture Cord, &o. 

90 1 120 1 128 1 1801800 
22 80 82 80 80 


Brass axle pulleys and hothouse pulleys are supplied to suit. 


Table IL of Iron Cords — Galtanized and Plain. 


Number 

1 

li 

n 

If 

2 

8 

4 

Breaking strain, in pounds ..... 

2520 

1920 

1880 

960 

600 

860 

250 

Working load, in pounds 

672 

448 

326 

224 

180 

90 

60 


Wire strand, 4 and 6 wire, of No. 8, 4, 6, 6, and 7 qualities ; galvanized and ungalranixed* 


2261. The varieties of locks, their contrivances for security, and their construction, are 
BO many, that to describe them minutely would require almost a work of itself. All that 
the architect has to deal with, for common purposes in building, we shall mention. For 
fastening places where particular security is requisite, as strong closets for plate or cash, 
some of the patented locks should be used, and we must leave this matter for inquiry in 
the hands of the architect. Every patentee says his invention is the best. We never- 
theless believe, notwithstanding the boasts of all the inventors, that no lock has appeared 
which an expert locksmith acquainted with its construction will not be able to pick. The 
locks in common use are stock locks, whose box is usually of wood, and whose sizes vary 
from 7 to 10 inches. Dead locks, whose sizes are from 4 to 7 inches, and so called from 
the key shooting the bolt home dead, without a spring. Cupboard locks, of 3, 3J, and 
4 inches in size. Iron rim locks, whose box or case is made of iron, and which are fitted on 
to one of the sides of a door, add whose sizes are from 6 to 8 inches. Of those made of 
the last-named size, there are some, as also of 9 inches, which are used for external doors, 
called iron rim drawback locks. For the doors of all well-finished apartments mortise 
locks are used. These take their name from being mortised into the thickness of the door, 
and being thus hidden. Gerish’s patent cylindrical mortise lock, Barron’s patent locks, 
Bramah’s patent locks, Hodges’ patent lock furniture, Kaye’s patent automatic lock and 
door opener, ov push and pvXl lock, and Chubb’s patent locks. Hobbs’s patent locks “ are 
made for all purposes, from the smallest cabinet to the largest fortress gate.” Hill’s 
patent reversible rim lock has four ‘‘hands” in one lock, doing away with the necessity 
of considering which way the door is to open. Tucker’s new patent flush bolt spring 
lock, self-locking dead lock, and railway carriage flush bolt spring lock; they lock 
themselves when closing or closed. Biggs’ patent tubular reversible mortise lock ; the 
machine-made lock, 6 inches long and ohe inch diameter; the foreplate and striking plate 
are 3 inch by 1 inch, with rounded ends. To these either plain or fancy furniture, that 
is, knobs and esouichsons, are afiixed. Longbottom’s patent adjustable look furniture, 
sian^e and reliable. 

^i261a. Pitt's patent self-adjusting spindle, with his new patent mount and spindle, 
ana Ager’s patent adjusting spindle, all command a large sale. They are all fitted with 
knobs and plates, from china, plain white and bufif, to gold lines, gold bands, flowers, &c., 
and in hard woods, as ebony, maple, satin, rose, mahogany, wainscot, and walnut ; the 
knobs in many shapes : also with plain and fancy brass, brass and china combined, and 
buffalo horn furniture. Also with glass furniture, crystal and amber of varying shapes 
and cutting, with green, black, and opal cut octagons. Above and below them finger 
plates are generally directed to be fixed, to prevent the door being soiled in the places 
where it is mostly canght* 

2262. The difierent sorts of latches in use are the thumb latch, which receives its name 
from the thumb being placed on the lever to raise its latch; the Norfolk4aich, which is 
sunk, and requires a pressure on the lever to raise the latch ; the Suffolk-latch ; the four- 
inch bow latch, with brass knobs ; the brass pulpit latch ; the mortise latch ; and Gothic 
latches. 

2262^ Wishaw's registered improved " telekouphonon,” for speaking pipes, consists 
of a whistle month-piece of ivory, wood, or metal, with an indicator attached topoi|it out 
fcom which one or two or more tubes the whistle proceeds. ThesM pipes are now 
arranged for one or more mouthpieass. Electric bells are named inv^fef yext sectbn* 
The ordinaiy crank system of bell hanging is noticed in 8FBCXFiC]ATiomr,’l|^« 
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SMITHERY AND IROIrttONeiftY. 

2268. Besides the articles already mentioned, the ironnKjogerlhmlshes hcUdfasU^ wcXU 
hookf, door ipnnge of racions sorts, door chains and barrds of hiokou andiron, thumbscrews^ 
shutter fastenings^ shutter bars, sash fastenings, of which there are now many Tariettes 
aj^inst burglary, adjustable silent door springs, braes turn buckles, doset knobs, brasji 
fimh rings, iron drawer handles, brass flush draw handles, brass roUers, bars with latchets, 
she{f brackets, sash weights, with numerous other articles. 

2263u. Bolte, straps, and other exposed iron work are preserved from the action of rnois** 
ture on them by the following mixture : — To two quarts of boiling oil add half a pound 
of litharge, putting in small quantities at a time, and cautiously. Let it simmer over.the 
fire two or three hours ; then strain it, and add a quarter of a pound of fime^y-pounded 
resin and a pound of white lead, keeping it at a gentle heat till the whole is well incor- 

S orat^. It is to be used hot. A composition of oil and resin and finely levigated brick- 
ust is found useful in preserving iron from rust. It is to be mixed, and used as a paint 
of the usual consistence (see par. 1779c. et seq.). Wrought iron ornamental work exposed 
to the weather has been rased with copper and gilt, as much for decoration as for pre- 
servation. The surface of iron may be decorated and highly vitrified, the colours being 
burnt in. Thus the iron can be shaped to elaborate designs and artistically treated ; being 
easily cleaned, it is a permanent material for walls, ceilings, and other parts of a building. 
See the Barfif-Power process, &c. for protection of iron, 1780c. 

22685. Mr. T. Fletcher, of Warrington, has lately (1887), by the use of compressed 
oxygen and co^ gas, with a J-in. gas supply, brazed a joint of a 2-in. wrought iron pipe 
in about one minute. He then tried welding, a process not possible with ordinary coal 
gas and air, and found that a good weld was obtained on an iron wire ^ in. diam., with, 
a very small blowpipe, having an air jet about ^ diam. Larger articles, as boiler plates, 
he thinks could be done perfectly with little trouble and no handling. By this process 
he fused a large hole in a plate J in. thick wrought iron by an apparatus which could be 
carried up a ladder by one man. 


GAS FITTER. 

2264. The work of this artizan may be placed under the head of this section, although 
his trade is now kept distinct. Gas is required by the Companies* Acts of Parliament to 
have a lighting power of 16 sperm candles when consumed at the rate of 6 cubic feet per 
hour. As regards purity, the gas must be entirely free from sulphuretted hydrogen, and 
the maximum quantities of sulphur and ammonia allowed are fixed from time to time for 
London by the gas referees (1885). The pressure of gas usually during the day varies 
H inches to about 3 inches at night. This causes the burners to flare and 
hiss. To regulate this pressure various contrivances have been invented. Carnaby’s 
is for the turning off of any number of lights by working the handle of a dial in the 
master’s ixmm or office. The Stott, Tice, Oakley, and other gas economisers are auto- 
matic, having valves that rise and fall accoi^iDg os the pressure is larger or smaller ; 
they are said to save from 20 to 40 per cent, of gas without diminution of light. A ready 
plan of regulating the supply is to put the tap to the meter at such a point, by trial, as 
will supply the lights in ordinary use. In large establishments this has been done by a 
inan, specially instructed, who alters it according to the lighting up or putting out of tho 
lights. A great saving has been thus effected. The various formulae for calculating tho 
velocity and the pressure of effluent gas are to be found in Clegg, Treatise on Gas Light- 
ing. The most economical working pressure is equivalent to the weight of a colunotu of 
water on the outlet, of about 1 inch. The formula for calculating the quantity dischatf^ 

ie g » 1860d* ; in which g' « the quantity sought in cubic feet per hour; d, the 

diameter of the pipe ; h, the working pressure in inches ; I, the length of the pipe in 
y ards ; and s, the specific gravity of the gas compared with atmospheric air as unity. 


Table of the Dblivbby per Hour through Pipes op the Diameters named. 


diam. 

Tbioknew. 

Length. 

Weight 

Delivery. 

8ixe. 

diam. 

Thickness. 

Length. 

Weight 

DeUvery. 

ins. 

S 

4 

wrought 

iron, 

inch. 
4-]6ths 
]1*S8 imIs 
« 1 

feet. 

6 

t 

owt. qr. IbB. 

0 1 S4 
10 8 

1 1 84 

oubio ft 
90 
160 
850 
880 
500 
8,000 
4,500 
8,000 

ins. 

5 

6 

7 

8 

9 

10 

18 

inch. 

lS-88nds 

r-ieths 

lO-SSnds 

1-half 

17-82ndB 

9-16tbs 

5-3ths 

feet 

9 

9 

9 

9 

9 

9 

9 

owt qr. lbs. 
1 8 84 

8 8 8 

8 0 14 

8 8 5 

4 8 8 

5 16 

7 0 5 

cubic ft 

12.500 
18,000 

84.500 

83.000 

40.500 

50.000 

78.000 


m Lockwood's Trice Book, 1887, art Gas Fitter. 
8 a2 
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2264^. The bain distribution of gas is effected tiirough cast iron pipes Vith sockets 
and spigot ends, whenever the diameter exceeds 2 inches. Wrought iron welded tnbing 
for gas is made from 8 in. diameter, in., and then down by each } in. to ^ in., then 
|, and i in. diameter, in lengths of from 4 to 12 feet, from 2 to 4 feet, and shorter 
pieces nnaer 2 feet ; together with all their connecting pieces, cocks, taps, screws, &c. A 
i inch pipe is used ^ 2 lights, finch for 6, ^ inch for 12, f inch for 2d, 1 inch for 60, 

inches for 70, inches for 120, and 2 inches for 200 lights. In the details of house 
fittings, wrought iron pipes are used when the diameter is, and exceeds, half an inch 
} in. is the least size recommended to be used, even for supplying upper rooms. For 
pipes of small diameters, and for abrupt bend^, block tin and composition pipes are 
fixed. For occasional use, flexible pipes are employed, such as those made of gutta- 
percha, caoutchouc, with or without a wire coil inside, and caoutchouc coated with 
varnish. This last is the safest of the flexible pipes ; the other, though safer when used 
with a wire core, is not impermeable to gas, though a coat of linseed oil may render it so. > 
The first-named is not only permeable, but causes an unpleasant smell, and is liable to 
contraction at any junctions with metal work, allowing of the escape of gas. There has 
lately been patented one formed of two layers of rubber, with pure soft tinfoil, vulcanised, 
between ; perfectly gas-tight under any pressure and free from smell, and very flexible. 
The braided or cloth-covered tube has not come into general use. Brass pipes are 
^lenerally used for the gasalier. 

22646. Under no circumstances whq,tever should either iron or composition pipes be let ^ 
into the plastering, as is too constantly done, or into solid brick or stone work ; for the 
salts in the latter are liable to affect the pipes in a serious manner, and the contraction 
and expansion of their materials may injure the joints; whilst it must always be difficult 
to trace a leakage. When placed in a partition, any gas escaping fills all the spaces 
between the studs, and between the joists of the floors, so that when it comes in contact 
with a light the whole ignites, and the force of the explosion may cause the entire 
destruction of the house. The police regulations of Paris require that gas-pipes in houses 
should be visible throughout their length, excepting when they traverse floors, partitions, 
&c., when the pipe conveying the gas is required to be enclosed in a larger one, project- 
ing beyond the floor or partition, so as to ensure ventilation round it. Copper pipes 
should never be used, on account of the action of the gas on the metal. Gas pipes should 
be laid with a slight fall, on account of the condensation of the gas, and a draw-off tap 
is required to empty it. Gas by itself will no more explode than air, and on issning 
into the air it will, if at once ignited, burn quietly, as at a gas burner. When gas is 
previously mixed with air, the mixture, on ignition, explodes with terrific force. 

2264c. The form ot burner which yields the best economical results is the argand ; the 
bat’s-wing is the next best ; and the fish-tail the worst. A number of small burners 
dispersed will give a better light than collections of them. The argand burner, with 16 
holes, will burn about to 8 feet per hour, according to the pressure ; ordinary street 
lamps, having the bat’s-wing, burn 3 to 8 feet per hour, and are usually contracted for at 
the rate of 6| feet. BronnePs burners afford a steady light, and each is made to consume 
as many feet per hour as may be required. The number of new burners have been much 
increased. Bray’s have a large sale ; Sugg’s are of various sorts for private use and in 
public thoroughfares and edifices. His burners for public lamps affording 20 candle- 
power consume 6 cubic feet per hour; 36 candles, 8 feet; 60 candles, 12 Set; and 60 
candles, 16 feet. The former are two burners, and the latter three burners. The Heron’s 
duplex has two small burners impinging upon one another and so affording a clearer light, 
34 of Bray’s burners burnt 230 feet of gas, 34 of the duplex for one hour burnt 167. 
Hart’s economising burner dates from about 1859. Feeble’s needle governor burners 
save 20 to 40 per cent, of gas. Many of these lights are now supplied with “ non- 
corrosive ” burners made of soapstone. One of the latest inventions (1887) is WehhacKs 
system of the incandescent light; it consists of a prepared “mantle” placed over a- 
Bunsen burner. It is stated that it doubles the illuminating power of the gas ; gives 
a steady, brilliant light ; and saves 60 to 70 per cent, of gas ; there is greatly mminished 
heat, no dirt, and no smoke ; the light rivals the electric light. Another is the Clart^ond 
incandescent gas light, supplied by the Ailolus Company ; each gives a 40 candle-power 
light on a consumption of 6 feet of gas per hour. The Chandler patent degenerative 
gas light has no burner, the gas issuing from a free, open pipe. By the action of the 
air supply and the shape of the burner opening the flame assumes the forn;! of an incan- 
descent sphere, like a ball of fire, brilliant and white. It is adapted for burning 2 to 60 ‘ 
cubic feet per hour, A matchless self-lighting gas burner is in use. It is stated that 
60 gas burners produce 2 gallons of water per hour by the combustion, hence part of the 
damage caused to the walls, works of art, &c. I 

2264d. The oidinary lights are stated to require 4 cubic fbet of gas per hour, but this \ 
is much too large ; 2j and 8 will be found to give sufi^cient li^ht if the burner Js fairly 
near the person ; the high lights of a gasalier are either inefficient for reaffifig 
or working purposes, and often aflfect the eyesight. * 
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2264tf. For lighting l&rge rnom« the solar or mnAight arraiij|ament is Agreeable, and 
it is fitted to promote the ventilation of the room. It is very eostij, not only in its first 
establishment, partly from the necessity of securing the buriiers and pipes from setting 
fire to the surrounding timbers, but also in the subsequent consumption of gas. In rooms 
of moderate height, the heat to the occupants is objectionable. The Wenham lamp is 
somewhat similar, but having a globe under, is better adapted to^aMi^ room. Denham’s 
(formerly Bickett’s) ventilating lamps are also fixtures. The refiectfcg and ventilating 
Clapton light is economical in gas and suitable for public places. The patent Alho^car^ 
bon light is said to save 30 to 60 per cent, of gas, by the gas passing through a white 
composition, which, on being melted by the heat obtained from the burner, gives oflT a 
vapour which is taken up by the gas, thus giving increased brilliancy to the light. 

2264/. As illustrations of the mode of public buildings may be cit^ : L The 

concert room at Liverpool, designed and executed by Mr. A. King; it is effected princi- 
pally by carrying a pipe in the cove of the ceiling, which pipe is pierced with numerous 
holes for fish-tail burners. II. St. James’s Hall, London, and the great hall of the 
Keform Club, which are admirable illustrations of the use ot the stellar and of the solar 
lights. III. The new theatre du Chatelet, at Paris, where the lighting is effected by 
1,300 burners placed above a vault of ground glass, and under a large enamelled reflector ; 
the glass vault forms, in fact, the ceiling of the body of the house, so that the burners 
themselves are entirely hid. This arrangement was also employed for a few years at the 
picture gallery in Suffolk Street, London. And IV. The various passages and rooms of 
the Houses of Parliament, which are lighted and ventilated under Faraday’s principle. 


2264^. Table op Co3£PAri8on op Light-Pjboducpto Materials, by Dr. M. Tidy, in 
Handbook of Modern Chemutry. 


Ligfht-produoing Material 
equal to 12 standard Sperm 
Candles, each burning 120 
Grains per Hour. 

Cubic Feet 
Oxygen 
Consumed. 

Cubic Feet 
Air 

Consumed. 

Cubic Feet 
Carbonic 
Acid 

Produced. 

Cubic Feet 
Air 

Vitiated. 

Heat=:lbs. of 
Water raised 

10 deg. Fahi. 

Cannel Gas 

3*30 

16-50 

2-01 

217-50 

195-0 

Common Gas - 

646 

17-25 

321 

848-25 


Sperm Oil 

4-76 

23-75 

333 

356-7.6 


Benzole - - - 

4*46 

22 30 

3-54 

376-3() 

232-6 

Paraffin - . - 

6*81 

3405 

4-50 

484-05 

861-9 

Sperm Candles - 

7-57 

87-86 

6-77 

614-85 

351-7 

"Wax - - - 

8-41 

42-05 

5-90 

632-25 


Tallcw - 

12-00 

60-00 

8-73 

933 00 


Electric Light - 

None 

‘ None 

None 

None 

13-8 


A table, prepared by Mr. V. B. Lewes, showing the amount of oxygen removed, the 
carbonic acid gas and water vapour generated, by various illiiminants to give a light equal 
to 32 candle-power, is printed in the Proceedings of the JKoyal Institute of British Archi- 
tects, for April 12, 1888, 

2264A. A notice was issued in January, 1862, from the London Fire Engine Establish- 
tnent, stating that, “It appears absolutely necessary that some steps should be taken to 
caution owners of property, particularly in large wharves and warehouses, as to the posi- 
tion and protection of the dangerous gas lights. These remarks may not be conddered 
unnecessary when it is remembered that in many of the most valuable buildings in the 
metropolis movable gas brackets are placed within 20 inches of the ceiling without the 
slightest protection whatever. It may be laid down as a rule that the jet on the outer 
arm of the bracket should never be less than 36 inches from the ceiling over it, and that 
it should be -protected on the top by a hanging shade, and on the sides by stops on the 
swivel joints, which should prevent the brackets moving beyond a safe distance. Attention 
might, perhaps, also be called to the very common and dangerous practice of nailing tin 
or iron on the iljoining timbers. This has long proved to be no protection, and it has 
the disadvantage of allowing the timber to be charred completely ttough before it is 
known.” In some places gas lights are used within 15 inches of the ceiling, and when 
the glass shade has been broken and not replaced, the heat has been known to ignite tbe 
floor Umbers over the plastering. 

2264«. It will not be necessary here to do mote than mention the use of gas in the 
kitchen for boiling water, or for baking and roasting (the app^atus for each, or for such 
purposes, are now supplied in London by the ^as companies at a rent); the baths 
heated by gas, so readily adaptable in places -^here a coal stovS cannot be used ; or the 
several gas stoves for wanning buildings and rooms, &c. See 2279c. 

' 226<l^. ThS megency of efiScient ventilation when is burnt in a room habitually is a 
sutueot of immemslt|^portance. It is principiidl to the neglect of this precaution that 
the bulk of inj^ous effects said to attend tlU use of gas may indeed be attributed. 
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In the case of libraries, the destruction of book-bindings may be assigned more justly to 
tho beat tbau to the chemical action of the produets of combustion. Ko doubt the bi- 
sulphide of carbon, 'which is present in even the most carefully purified ^ases, must give 
rise to the formation of minute quantities of sulphurous acid : and this, in its turn, must 
be destructive to some descriptions of leather — especially Kussian (as noticed in the 
Builder^ vi. 89), but a rapid removal of the products of combustion would almost entirely 
obviate this effect. It seems, however, that the eitcessive dryness and the heat of the air in 
the upper part of rooms where gns is burnt may occasion the injury quite as much as the 
chemical reactions supposed to take place ; the books which suffer most being always 
those placed above the level of tho lamps. Under any circumstances, ventilation should 
take place close to the plane of tho coilings. Even when provision is made for ventilation 
over gas burners, a stratum of heated air is often allowed to stagnate over the openings, 
close under the line of the ceiling; and the area of the openings is rarelv sufficient to allow 
the escape of the decomposed gases. Again, if any sulphurous acid should be produced, 
it will be found also to tarnish the colours of tapestry and hangings, and to turn imitation 
gold ; hence none but the best leaf-gold should be employed in rooms where gas is burnt.' 
The injury caused by the use of such gas as is supplied in London, Paris, Bruxelles, &c., 
is very small compared with the brilliance of the light; and the gas of Liverpool, Edin- 
burgh, Manchester, and some other places having, bulk for bulk, a higher illuminating 
power than that of London, is even less injurious. Mr. Spencer has reported that tho 
quantity of gas leaking from London gas pipes is not less than 9 per cent., or between six 
and seven million cubic feet per annum, which causes the stinking black earth of the 
London street subsoil. No such leakage occurs at Liverpool or Manchester, where the 
joints of the pipes are bored, turned, and fitted to each other, like ground stoppers in glass 
bottles ; whereas in London the pipes are jointed with tow and lead, so that after expansion 
and contraction in summer and winter the perfection of the joints is destroyed. The gas 
then, acting upon the subsoil, forms sulphuretted carbon, which corrodes not only the gas 
pipes, but tho water mains also, and converts them in ten years almost entirely into a sort 
of plumbago, although in pure London etibsoil they last a century. 


ELECTiaC APPLIANCES. 

2264^. For the impoi*tant subject of Lightning Conductors, reference should be made 
to K. Anderson, Thdr History, Nature, and Mode of Apjglication, of which the third 
edition, revised, rearranged, and enlarged, was publish^ in 1887: ^^The numerous 
accidents to buildings fitted with conductors sufficiently indicate the indispensable 
necessity for occasional inspection. The chief causes that detract from their efficacy are 
original defects of capacity, conductivity, and fitting, faulty earth connections, accidental 
injury and mechanical derangements, oxidation of joints and of earth contacts, and 
alterations in the conductive capacity of the ground in consequence of improved drainage.” 
The efficiency of a conductor is in proportion to the sectional area of the metal. Tapes 
are made ^th of an inch thick, being inch, 1 J inches, and 2 inches wide ; ^th of an inch 
thick, being Jtbs of an inch wide ; Jth of an inch thick, being Jths of an inch, inch, and 
1^ inches wide. The conductors should not be less than ^th of an inch thick wnd jths 
of an inch wide, weighing 6 oz. per foot, as recommended by the Lightning Kod Con- 
ference, 1882. The upper terminal should be in the form of a sharp point, or a cluster 
of sharp points. As this point may become blunted, an alloy of 8S5 parts silver and 
165 parts of copper is therefore used for it, at Paris. The earth termination should be 
taken some depth, and into moist ground or water, and have a large area of contact, 
“When this is not to be obtained, a copper plate at least 9 feet square should be carefully 
riveted to the end of the tape and be buried in a well, packed with cinders or coke. 
Professor Fleming has pointed out that the ultimate safety of a conductor lies in the 
proper .periodical testing of the earth connection of the conductor. 

2264?. Electricity for lighting purposes can be obtained by chemical action, as by an 
arrangement of a voltaic battery, and the combination of cells is termed a •* primary 
battery.” A steady light is stat^ to be maintained at a cost not much in excess of that 
from a ** dynamo ” machine. Suc)i a battery may suffice for a small country house, but a 
large number of lamps will rec^uire a batteiy of great bulk ; hence it is more economical 
to produce electricity mechamcally, by converting the energy of the prime motor into 
electric force by the use of the dynamo machine. This motive power is obtained by 
steam, water, or gas, according to circumstances. The engine house would contain the 
dynamos for generating the electric current. The current is then taken to a ** switch 
hoard,” which is a simple apparatus on which all connections are made with suitable 
arrangements, so that either one or more machines can be made to deliver into the same 
conductor. On this board is an instrument for measuring the strength of the current, 
so fixed that it can be read by the attendant by turning the handle of a switch. From, 
this board the mains go towards the lamps, starting as a eabW which minifies into 
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smaller mains and branches until each incandescent lamp is reached. It is of supn^me 
importance in electric lighting that the current should always be unlAnrm at all times in 
each individual part of the work, and be unaffected by ohonees In other parts. The 
compound shunt machine has been devised to effect this arrangmsnt. 

2264m, A source of danger to property is in the mains and &anch wires condacting the 
current to the lamps ; they must be of sufficient proportion, and of a material whose 
resistance is uniform. Copper wire is used because it can be obtained in a purer state 
than any other available metal, and next to silver it is the best conductor of electricity. 
Great attention is reouired to the connectors and joints, and the connections hiade with 
binding screws ; besiaes causing resistance in the circuit, bad contact between a wire and 
a terminal will produce heat. A faulty junction may also upset the calculations made 
for the current to be taken by an otherwise efficient cable ; solder alone must not be relied 
upon, as it may become softened by the current ; it must be mechanically perfect. A 
“ short circuit” is the current taking the shorter path, where, having no work to do, it 
causes fire. The only preventive is a “ cut out” or a “ safety fuse,” described as “ a piece 
of easily fusible metal, which would be melted if the current attains any undue magni- 
tude, and would thus cause the circuit to be broken.” l«Wm arc lights pieces of 
incandescent carbon are apt to drop ; more fires have occurjjed from this cause than any 
other. Electricity, having no smell to betray a leak, shows when it is escaping by tho 
diminished appearance of the lights, caused by the diversion of the system. 

2264n. Even if the cost of electric lighting be higher than that of a private gas supply, 
the extra cost of it for those rooms where the preservation of works of art, books, and de- 
corations has to be considered would be amply returned. The property of not vitiating or 
heating the air will be the salient one which, when fully appreciated, must banish gas and 
«1 fijom the houses of those who consider sanitary excellence the principal feature of a 
beautiful house. (K. Hedges, in Transaciiom of Royal Institute of British Architects, 
1883“4, p. 143). The Electric Ltphting Act was passed August 18, 1882. The Maxim- 
AVeston Electric Company (Limited) supply (Nov. 1887) the new “Watt” system 
of lighting. They claim that they can now obtain six arc lamps of 150 candle-power in 
place of one, as heretofore, from one electrical horse-power. The Pilsen-Joel arc lamp is 
x)f 1,000 to 10,000 candle-power; the incandescence or glow lamps are of 6, 10, 16, 20, 
30, to 100 candle-power, for lighting rooms, &c. To popularise the electric light is the 
only wa^ to make it pay — it must be cheap and efficient. By cheapness is to be under- 
stood, either a small first cost and a correspondingly small cost for maintenance, as in 
the case of a battery placed in the house, or a moderate charge for the supply of the 
curreut, as in the case of a central distributing station. The lamps must be adaptable 
to the present gas fittings, and the cost of the light must be but little, if at all, in 
excess of that of the gas of the district. Though the advantages of this light are great in 
a hygienic and domestic point of view, the public would, in the main, continue to use the 
present methods of illumination rather than adopt any new system which entailed extra 
cost, however satisfied they might be that positive advantages were to be gained by it. 
(P. F. Mersey, On Primary Batteries, Nov. 1887.) The Phmnix Fire Office rules for fixing, 
&c., an installation are those now generally required to be carried out by the fire offices. 

2264o. Although electricity has not ousted gas from the field, as it was at one time 
thought it would do, it has yet made more progress than many people imagine, and no 
architect would design a public hall without fitting it with incandescent lamps. These 
do not give off as much heat as gas, nor do they contaminate the atmosphere. The 
insertion of “ storage butteries ” as a sort of buffer between the machine and the lights, and 
as a means of avoiding the risk of a break-down of the engine, has done much to render 
electric lighting more generally available ; and considerable improvements have been made 
in these “ storage batteries” during the last few years. The battery of the Union Electrical 
Power Light Company, of fifteen cells, will run twelve ten-candle incandescent lamps, 
and occupies a few feet only. A small primary batteiy and lamp combined is invented, so 
that an electric lamp can be placed on the table ; this can be recharged by simply pouring 
into the cell containing the plates the necessary liquid. These lamps will run for about 
three hours — say a dinner time. 

2264p, A method of electric lighting for small arens, wh^e the ^nble and expense of 
fixing up and working engines and dynamos constitute a serious objection, has been intro- 
duced by Messrs. Woodhouse and Raw8on,in which no machinery is required. The^bole 
apparatus is contained in a space of some 5 feet by 6 feet, by 8 feet in height, with a 
perfect absence of smell, noise, or dirt. The light is generated by an “ Upward ” battery. 
The cost for the equipment of an installation to ran eleven lamps (10 candle-power each) 
for two hours, or six for four hours, is 56/. ; while fifteen lights for three hoars, or eight 
for six hoars, is 84/., and so on. The House to House Electric Light Supply Co. is taking 
active steps to promote this means of illumination. 

2264^. There in a new tlectrio gas lighting system, by which gas is lighted, turned ott, 
and extinguished at an^ distance by simply pressing a button, as in ordinary ^eetrio 
'.bells; and at the bmie time the battery may be used to ringing electric bells. 
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2264r. Tiw principle, M applied to all the ‘diffhrant methodh of oonatraction, is 

that the oompletiQn of the circuit of the electric current rings the bell, the medium df 
communication from the distant points being wire of various descriptions, carefully 
insulated. The mechanism is coitfined to the pusJi (the reverse of the crank mtent, 
which has thepu//) and to the bell itself, which is struck by a hammer attached to a 
small and light magnet. The wires are fixed. One bell will answer the purpose for any 
number of rooms. The battery whence the electric power is supplied is, for an ordinary 
house, a small siz-cell battery, about twelve inches Jong, nine inches wide, and six inches 
deep. The positive poles of the six cells are all connected with each other, and also the 
negative po^es, each to brass knobs on the outside of the box. From the positive pole of 
the battery a wire passes, which is connected with each room, and from each room a wire 
passes to the indicator. This is a tablet with openings, npon which are inscribed 
numbers for, or names of, the rooms. The push, a light ivory knob, completes the electric 
circle ; on being set in action by it, the current travels through the wire to the indicator, 
and then by the movement of a balanced magnet the number or name appears, and by a 
light magnet attached to a spring it rings the bell, which can be made to ring until the 
magnet is released by the hand, or a button, which also returns the name or number to its 
place. The wires are insulated by gutta-percha or india-rubber and coils of cotton or 
silk, which, if exposed, can be made of a colour to match the paper or paint of the room. 
The bell pushes and other furniture can be carried out in any decorative character. 

226is, The electric bell system can be adopted for protection against thieves and fire. 
Fop the former, every external door and window may be connected with a battery so that, 
when the circle is complete, the opening of the door or window will ring the bell. In the 
daytime a switch is used to disconnect the communication, so that the doors and windows 
may be opened without ringing the alarum. For the latter, or fire, a thermometer, 
hermetically sealed, into which a platinum wire is fixed, is regulated to any point indicat- 
ing danger, say 100° of heat, and connected with the battery. Should the mercury rise 
to that point, the contact of it with the platinum completes the circuit, the bell rings and 
sounds the alarum. For the sick bed, the invalid has only to give a slight pressure to a 
knob at the end of a silk cord, laid close to the pillow, instead of having to overcome 
the stiffness and weight of the old crank and wire system. 

2264^. Moseley’s patent electric bells are fixed on the system of the battery not being 
in use when the bell is not ringing. 

2264w. The best tithe to commence fixing the bells is stated to be when the first coat of 
plaster is laid on the walls, and before the floor boards are nailed down. The joints and 
connections between the compo tubing and the bells should be carefully soldered, and thh 
iron wall boxes fixed flush with the finished wall, with the screw boles in front perfectly 
vertical. The fixings required are press buttons or pushes, lever action pulls, or bell 
ropes, for rooms used in the day. Bed-head pulls, flexible cords, or pushes, for the 
bedrooms. Pull-out pulls or pushes for front door or entrances. The tubing is 4-inch 
bore composition, let into the plaster, &c., and protected therein by wood, or by larger 
zinc bell tubing. The pulls may be either the “ sunk” pattern, or the “ raised ” pattern, 
which is fixed on the face of a wall or partition. 

We can only here refer to tbe later intvention of the “ telephone.” 


3ect. XI, 

FOUNDERY. 

2265. The very general use of cast iron by the architect induces us to give a succinct 
account of the common operations of foundeiy, or the art of casting metal into different 
forms. To gain a proper knowledge of the operations, the student should attend a few 
castings at the foundery itself, which will be more useful to him than all the description we 
could detail of it ; however, we give a few pa^iciilars not noticed in the previous section 
cm InoK. Some of the articles cast are noticed in par. 2265^. 

226da. Those manufacturers who will attend to the good quality of the irons they sell 
can generally command their own price. Thus, the Low Moor and the iBowliiig bar irons 
continue in possession of the market at nominally high prices, whilst the ordinary irons 
are hardly saleable at remunerative ones. The Welsh iron, known as the SC brands, pr 
tbe Stafifoardshire nvitre iron, are of at least equal quality to the above, nnd there are others 
as good. 

22655. Staffordshire, Shropshire, and Derbyshire affbrd the b?8t irons for castings. 
The Scotch iron is much esteemed for hollow wares, and has a beautifully smooth surface, 
which may be noticed in the stoves and other articles cast by tbe Oavron Oompafiy. The 
Welsh pig iron is principally used for conversion into bar iron. Almost all irons are im« 
proved by admixture Tritn others, and therefore, where superior eastings are required, thpy 
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should not be tnn direct from thesmelting fnmaee, bnt tlie metsl shoold be remeltedin s 
cupola fornaoe/ which gives the opportunity of suiting the quality of thfe iron to its intended 
ui-e. Thus, for deli<»te ornamentHl work a soft and very fluid iron will be required, whilst 
for girders and castings exposed to cross strain the metal will require to li harder and 
more tenacio^. Por bed plates and castings, which have merely to sustain a compressing 
force, the chief point to be attended t-o is the hardness of the metal. Various mixtures of 
different qualities of iron have been recommended as materials for large castings (see Fair- 
bairn’s Applioation of Iron^ ^o, 65). Most engineers are agreed in considering that the best 
course for an engineer to take, in order to obtain iron of a certain strength lor a proposed 
structure, is not to specify to the founder any particular mixture, but to spepify a certain 
minimum strength which the iron shoold exert when tested by experiment. 

2265(7. As noticed in a previous chapter, the ores are smelted by cold and hot air blasts. 
The latter iron makes very fine castings, but is deficient in tenacity, and requires great care 
in its application to the purposes of machinery, and for girder castings, by employing it as 
second runnings from the cupola, and mixing third-class pig iron with the first. On 
account of some defects in it, hot blast iron should be excluded from all such works as 
girder bridges, machinery castings, &c.,and from the preparation of bar iron where great 
strength in the metal is required. It appears that there are no means of detecting hot or 
cold blast irons in pig castings. Whenever great strength is required, air lurnaces instead 
of cupolas should 1^ used, and where it is not connected with too great an expense, loam 
instead of green sand should be used for moulding. 


2265d. Tablb op the Weight op Cast Ibon per Foot Supebficial. (Hurst.) 
The weight of a cubic foot is put at 466 lbs. and 460 lbs. 
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2265^. CoUinson’s Mansfield moulding sand has a wide reputation among the modellers 
of the finest brass and iron castings, arising, no doubt, partly from its exquisite fineness of 
grain, but more particularly from its clay-like adhesiveness and plaster quality, combined 
■with a total freedom from any coarse or gritty particles. It is found under a deep deposit 
of coarse sand, ordinarily known as building sand, and within a short distance of the well- 
known white and red Mansfield stone quarries, in Nottinghamshire. The Isle of Wight 
sands are also used for the purpose. The sand usually employed in casting is of a soft 
yellow and clammy nature, over which, in the mould, charcoal is strewed. Upon the sand 
properly prepared, the wood or metal models of what is intended to be cast are applied to 
the mould, and pressed so ns to leave their impression upon the sand. Canals are provided 
for the metal, when melted, to run through. After the frame is finished, the patterns are 
taken out by loosening them all round, that the sand may not give way. The other half 
of the mould is then worked with the same patterns, in a similar frame, but having pins 
which, entering into holes that correspond to it in the other, cause the two cavities of the 
pattern exactly to fall on each other. The frame thus moulded comes now under the care 
ot the melter, who prepares it for the reception of the metal. 

2265/. In making patterns for cast iron, an allowance is always made of about one-ei^hth 
of an inch per foot for the contraction of the metal in cooling. And it may be also requisite 
that the patterns should be slightly bevelled, that they may be dra'wn out of the sand with- 
out injuring the impression ; for this purpose. of an inch in 6 inches is sufficient. 

2265^.' All casting 6houl(l be kept as nearly as possible of the same bulk, in order that 
the cooling nza^ take place equably. It is of importance to prevent air-bubbles in castings, 
and the more time there is allowed for cooling the better, because, when rapidly cooled, 
the iron does not become so tough as when gradually c^led. It is important in any casting 
to have the metal as uniform as possible, and not of different sorts, for different sorts will 
shrink diffeiently, and thus will be caused an unequal tension among the parts of the metal, 
which will impair its strength ; and, beyond this, an unevenness is produced by such mix-^ 
ture on the surface of the casting, for different sorts can never be perfectly blended toother. 

2265A. Castings should show on the outer surface a smooth, clear, and continuous 
shin, with regular faces and sharp angles. When broken, the surface of fracture should be of 
a light bluish-grey colour, and close-grained texture, with considerable metallic lustre; both 
colour and texture should be uniform, except that near the skin the colour may be some- 
whut lighter and the gmin closer ; if the fractured surface is mottled, either with patehM 
of dark^ or lighter or with crystalline patches, the casting will be unsafe ; and it 





THBOEY OF ABCHITEOTURE. 


, EookHi 




I (till more unsafe if it contains aiivbubbles. The iron should be soft enough to be 
indented by a blow of a hammer on an edge of a casting. Castings are tested tor 
les by ringing them with a hammer all over the surface. Iron becomes more 
and sound by being east under pressure ; and hence cannon, pipes, columns, drc., 
iger when cast in a vertical tthan in a horisontal position, and stronger still when 
with a head or additional length, whose weight serves to compress the mass of 
he mould below it. The air-bubbles ascend and collect in the head, which is 
ff when the casting is cool. Care should be taken not to cut.or remove the akin 
e of cast iron at those points where the stress is intense. The most certain test 
of the goodness of a piece of cast iron is by striking the edge with a hammer : if a slip^ht 
impression be made it denotes some degree of malleability, the iron is of a good quality, 
provided it be uoifwm ; if fragments fly off, and no sensible indentation be made, the iron 
will be hard and brittle. The difference between good and bad iron is shown mainly by 
the breaking ; good iron breaks like a piece of good fir timber ; bad iron will break like 
a carrot, it snaps in two. 

2265i. Malleable oaet iron is made by embedding the castings to be made malleable in 
the powder of red luenmtite. They are then raised to a bright red heat, which occupies 
about twenty-four hours, maintained at that heat for a period varying from three to five 
days, according to the size of the casting, and allowed to cool, which occupies about 
twenty-four hours more. The oxygen of the hsematite extracts part of the carbon from 
the cast iron, which is thus converted into a sort of soft steel ; and its tenacity, according 
to experiments by Messrs. A. More and Son, becomes more than 48,000 lbs. per square 
inch. (Kankine.) Steel is noticed in Book 11. Chap. II. 

2265^. For resisting fire, as in fireplaces, good strong cast iron is the best material. 
The quality of breadth of design can be got by cast work better than by wrought work, 
and each requires its own system of design. The street railing or screen to All Saints' 
Church, Margaret Street, is considered a good specimen. It can be covered with fine 
delicate ornamentation, as done by Mr. Philip Webb. The backs of old fireplaces are 
generally fine specimens of cast work. There are also cast iron fire-dogs. 

2266. The foundeiy of statues, which is among the most difficult of its branches, belongs 
exclusively to the sculptor, and is usually carried on in bronze. The execution of the 
bronze castings, made by the firm of Barbediennc of Paris, is attributed mainly, after the 
skill of the modeller, to the fineness of the sand, w'hich can only be obtained at Fontenay- 
aux-lioses, in France. When new it is yellow in colour, but on account of its cost it is 
mixed in well-ascertained proportions with the old sand, which has become black, the 
mixture forming a good combination for the mould ; other sands are considered to have 
two much silex in them, whereas the Fontenay sand has exactly the proportion necessary 
for the fineness of the work. 

TESTING AND MACHINERY. 

2266a. Ironmasters are, to some extent, averse to testing. A writer has been advised 
to exhibit his knowledge of the subject by simply specifying “ best merchantable iron,” 
and if from inspection it was not found to be good it could be tested. Testing is about 
the only means at the disposal of an engineer to obtain really wbat he wants. Work 
tests mean, tapping plates with a hammer to ascertain if they are solid, in which case 
each tap will produce a ringing sound ; also breaking the corner off a plate here and there, 
of course before the plates are " worked’’ ; and examining the puncbings from the iron, for 
the purpose of forming some idea of its quality. Those from Low Moor and some of the 
Staffordshire brands will stand the punch without the slightest sign of cracking, whilst- 
hard, brittle iron will break up in all directions on the convex side of the punching. 
Good ordinary iron, such as ought to be used in |;irder work, will only show slight cracks»- 
all running with the fibre of the iron. (C. G. Smith, Wrought Iron wder Work, 1877.) 

22666. Granting that it is advisable to carry out tests, and that these tests should be 
realities and not mere forms, it is certainly advisable that some method of testing should 
be substituted for the present plan of testing girders whole. At present, a certain per- 
centage of the rolled joists or other girders for a building are specified to be tested up 
to loads equivalent to those given in Shaw’s Tables,” which correspond to a maximum 
stress of 6 tons per square inch in the material, and should return to their original forms 
without permanent set ; and this deflection test is the only one carried out. But it is not 
t^y to measure a small permanent deflection, say ^ of an inch, with certainty on a 
jSOrfclot joist with such means as are commonly used in the yard, and so it cannot be very 
rt^dly enforced under oi dinary circumstances. But it affords no clue to the properties 
of the material used. It would be much more satisfactory, and probably not more 
expensive or troublesome, if the tests specified were made more like those adopted by the 
Registry societies. The temper teat, for the architect's pui;pose, might be omitted. The 
ultimate extension test is an indication — a rough indioation-r-of the diBculty of the 
ipe|;al; ought to kqow the maximum extension before the material begi|is to ^vs wap 
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locally. Thif» hoverer, it somewhat more difficult to meaenre. It would be snfficient to 
specify that one out of, say, eyery ten joists or angles should be supplied 18 indies more 
than the ordered length, the extra piece cut off, and two strips cut from it (one from the 
web, and one from the fiange in the ease of the joist) tested for tenacity and extension. 
The limits fixed might be, according to circumstances, either 28 to 32 tons tenacity per 
square inch, and 20 per cent, extension in 10 inches ; or 88 to 42 tons tenacity and 
12 per cent, extension. The tests are made by preference at the manufacturer’s yard, in 
the presence of the inspector, doubtful or special cases being sent to some independent 
testing machine. In cases of lar^e orders not less than 2 per cent, of the number of 
plates, &c., hare to be tested in this way. (A. B, W. Kerm^y , ) 

2266c. To test a stanchion, or other cast iron work, especially if painted, it thonld be 
examined carefully all over by a good-sized hammer, having a sharp point at one end, such 
as a scaffolder’s axe. Ply the point or edge of the hammer to any scaly-looking or white 
spots, and follow it on. Some founders are clever at filling up faults with a soft metal, and 
the defects are generally on the face that lies uppermost in the mould. One fault may be 
found that would jeopardise the stability of a building. To test the same for strength can 
only be done by a scientific apparatus now provided at many establishments for the purpose. 

2266<^. Testing Stone. The weight necessary to crush a stone varies -with the state of 
cohesion and baniness of the particles composing it. (See par. 1500 et seq.) The full 
particulars of the quarry and bed of each stone tested should be stated. It is almost 
useless to experiment upon cubes of one inch, as was necessarily done before the powerful 
machines of the present day were invented ; 4-inch or 6-inch cubes are the least sizes, 
especially where large shells appear. Mu'^h care and skill are also requisite in the manner 
of testing. The cubes should all be carefully dressed by rubbing down the faces, which 
should be strictly parallel, perhaps made so in a steel frame. They should all be placed 
on or against their natural bed. The Bath stones tested by Messrs Poole are stated to 
have been placed between parallel iron plates, and the pressure communicated to the 
cubes, having a sheet of lead at the top and bottom, and between the upper or movable 
plate and the upper lead plate was a conical heap of fine sand, which was carefully pressed 
by the upper plate, so as to ensure an equal pressure on every particle of the upper and 
lower beds of the stone. Sometimes the stone is bedded with pieces of pitve, from 
^ to 4 inch thick. Leather has likewise been used {Builder, 1886, p. 561); also mill- 
boarJ. Prof. Henry (of the American Association of Science, 1866) experimented on blocks 
of IJ-inch cube between thin plates of lead. It was found that while one of these cubes 
would sustain 30,00(1 lbs., it would sustain 60,000 lbs. without the lead plates. When 
the blocks were rendered perfectly parallel by a machine, the marble chosen for the 
Capitol, irom a quarry at Lee, Massachusetts, would sustain about 25,000 lbs. to the 
square inoh. Barlow states that the crushing strength of Portland stone ranges from 
about 1,3S4 lbs. to 4,000 lbs. per square inch ; the Institute experiments give 2,576 lbs. 
for 2-inch cubes, 4,099 lbs. for 4-inch cubes, and 4,300 lbs. for 6-inch cubes, proving the 
advantage of testing large sizes. Bennie gives 3,729 lbs., followed by Molesworih ; 
while Hurst gives 2,022 lbs. 

2266a. Testing cement has been described in par. 1864a. The machiues commonly used 
are those by Mr. Adie and Mr. Michele {Builder, xlviii. p. 283); by the former, 
briquettes of IJ inch square can be tested. Reid and Bailey’s is described in Builder^ 
1877, xxxr. p. 1016 ; Arnold’s in Builder for October 22, 1887, p. 679. 

2260/1 The hydraulic press is generally used for testing. This is a closed vessel, with 
its upper surface level, completely filled with water; two openings are made in it, 
which are replaced by pistons of areas 1 and 10 square inches. If a weight of 1 lU be 
placed on the smaller piston, a pressure of 1 lb. will be felt everywhere in the interior of 
the fluid, and the pressure on the larger piston will be 10 lbs. Thus a force of 1 lb. acting 
on the area 1 square inch, produces a pressure of 10 lbs. on the area 10 square inches. 

2266^. Messrs. W. H. Bailey & Co., of Salford, manufacture testing machines, as 
Thurston’s for torsion ; Bramah’s hydraulic, for cement, tensile, crushing and transverse^ 
and for yarn and oil ; testers for tensile, torsion, and compression, and other purposes, 
as paper, wire, cloth, &c. ; also test pumps for steam boilers, kitchen boilers, high 
pressure, gas fittings, water works, &c. ; Professor Thurston’s patent testers for matei^als 
of construction; and Tangye’s patent hydraulic boiler prover. There are many well* 
Itnown American testing machines. 

The following persons and institutions have set up testing machinery for public use or 
for instruction : — 

22604. D. KirkMy, established 1 866, for testing and experimenting on the strength 
of various kinds of metals and their alloys, stones, artificial stones, bricks, concretes, 
temeuts, timbers, Ac. The powerful machinerjr is adapted for any kind of strain— 
namely, pulling, crushing, thrusting, bending, twisting, shearing, punching, bulging, and 
bttcklipg, from iO lbs. to 1,000,000 lbs. To entire manufactured articles, and timbers of 
full eiie, any amount of |>roof strain desired can be applied, or their ultimate breaking 
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stMpgth can be ascertained. The delicacy and acenrai^ of the machine is proved by its 
ability to test cement, canvas, and wire up to the greatest strains required for practical 
purposes. The capabilities for sizes are as follows : — Pulling stress, any length up to 
300 inches. Crushing stress, any length up to 260 inches for columns, &c. For testing 
bricks, six of a sort are required for average results. For stones, thw or four 6-inch 
cubes, accurately ground ; concrete, usually 12-inch cubes. For cement, half a bushel is 
required, and it is suitably made up at the works for testing under nulling or thrusting 
stress. Bending stress, any span up to 800 inches. For comparing the strenffths of full- 
sized timber or iron joists, 10 feet span is recommended os a good standard. The fine 
museums at Messrs. Kirkaldy a works are open to architects and others taking an interest 
in the subject ; and the results of the many experiments on full-sized work of every 
variety of material used in building or engineering operations, since Januaiy, 1866, will 
be seen. An apparatus of simple construction is engraved in his Besulto — into the Com- 
para five Tensile Strength^ d'c., of Wrought Iron and Steel, 8vo. 1862. 

2266*. King's College, Strati. The plant for mechanical testing consists of two 
machines. One is a Kirkaldy machine, 23 feet long, taking test pieces up to 4 feet in 
length ; it exerts a strain of 50,000 lbs., and is constructod to make tensile, transverse, 
compression, and torsion tests. The other is a Thurston automatic recording machine. 
A description of the first machine is given in Engineer, October 6 and 12, 1883. 

2266y . City of London and Guilds Central Institution, South Kensington. The machine 
is a lOO-tons machine, and will take in ordinary tension specimens up to 4 feet 6 inches 
in length. It will take in 6 feet 6 inches in specimens with eyes. It has compression 
and transverse shackles and autographic diagram apparatus. It takes in about 3 feet 
specimens for compression, but will be altered for 4 feet. The Engineer, July 26, 1884, 
shows a nearly similar one. Prof. W. C. Unwin, Machines for Testing Materials, es- 
pecially Iron and Steel, in Journal of the Society of Arts, July 8, 1887. Also, The 
Testing of Materials of Construction, 8vo.. 1888. 

2266ilr. W. Harry Stanger has opened a chemical laboratory and testing works at 
Broadway, Westminster. There is a 60-ton machine by Buckton & Co. (Limited), with 
Wickstead’s patent apparatus for measuring and autographically recording stresses in 
tension, deflection, compression, and torsion, from yj^th of a ton np to 60 tons. Also 
other machines and apparatus for various purposes. 

22661. Messrs. Shaw, Head ^ Co., Queen’s Wharf, Bankside, have a testing machine 
for girders. It is shown and described in Builder, 1869, xxvii. 1020. 


Sect, XIL 

PAINTING, GILUING, PAPEK-HANGING, DECORATING, ETC. 

2267. Painting is the art of covering the surfaces of wood, iron, and other materials with 
a mucilaginous substance, which, acquiring hardness by exposure to the air, protects the 
material to which it is applied from the effects of the weather. House painting was de- 
scribed by the editor at the Institute of British Architects, Transactions, Nov. 1867. 

2268. The requisite tools of the painter are — brushes of hog's bristles, of various sizes 
suitable to the work; a scraping or pallet knife ; earthen pots to hold the colours ; a tin 
can for turpentine ; a grinding stone amd muller, &c. The stone should be hard and close- 
grained, almut 18 inches in diameter, and of sufficient weight to keep it steady. The knots, 
especially of fir, in painting new work, will destroy its good effect if they be not first pro- 
perly killed, as the painters term it. The best way of effecting this is by laying upon those 
knots which retain any turpentine a considerable substance of lime immediately after it is 
slak^. This is done with a stopping knife, and the process dries and bums out the tur- 
pentine which the knots contain. When the lime has remained on about four and twenty 
hours, it is to be scraped off, and the knots must be painted over with what is called size 
knotting,^ a composition of red and white lead ground very fine with water on a stone, and 
mixed with strong double glue size, and used warm. If doubts exist of their still remain- 
ing unkilled, they may be then painted over with red and white lead ground very fine iit 
linseed oil, and mixed with a portion of that oil, taking care to mb them down with sand 
paper each time after covering them, when dry ; so that they may not appear more raised 
than the other parts. When the knotting is completed, the priming colour is laid on. The 
priming colour is composed of white and a little red lead mixed thin with linseed oil. One 
pound of it will cover from 18 to 20 yards. When the primer is quite dry, if the work i* 
intended to be finished white, mix white lead and a very small portion of red with linsesd 
oil* adding a little quantity of spirits of turpentine for second eotonri^ the work. Of Ihid 
second primer, one pound will cover about 10 to 12 square yards, Cfiie work^dhould now 
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down with flno jand paper, and stopped with oil putty whererer it may be neoeseary. If 
the knots stdl shi^ through, they should be covered with silver leaf, laid on with japanned 
gold size. The third coat is white lead mixed with linseed oil and turpentine in equal 
portions, and a pound will cover about 8 square yards. If the work is not to be finished 
white, the other requisite colour will of course be mixed with the white lead, as in the case 
of four coats being used. When the work is to be finished with four coats, the finishing 
coat should be of good old white lead as the basis, thinned with bleached linseed oil ana 
spirits of turpentine ; one of oil to two of turpentine. If the work is to be finished dead 
white^ the very best old lead must be used, and thinned entirely with spirits of turpentine. 

2269. When stucco is to be painted, it will require one more coat than wood -work ; the 
last coat being mixed, if the work is as usually executed, with half spirits of turpentine 
and half oil, for the rec^tion of the finishing coat of all turpentine or flatting. If the 
work be not flatted, the finishing coat should be with one part oil and two of turpentine. 
It would be impossible to enter into the details which are to beobserred in painting walls 
of fancy colours ; all that can be said on this point in instruction to the architect is, that 
when fancy colours, as they are called, which in these days a painter construes as any thing 
but white and a tinge of ochre or urnber, each coat must incline, as it is laid on, more and 
more to the colour which the work is intended to bear when finished. 


2270. In repainting old work, it should be well rubbed down with dry pumice stone, 
and then carefully dusted off, and when requisite, the cracks and openings must be well 
stopped with oil putty. After this, a mixture of white with a very small portion of red 
lead, with equal parts of oil and turpentine, is used to paint the work, which the painters 
technically call second colouring old work. After this, the work being dry, a mixture of 
old white lead, adding a small portion of blue black in a medium of half bleached oil and 
half turpentine, is us^ for finishing, or, if flatting be intended, the former preparation will 
be suitable for receiving dead white or any fancy colour. The same process will serve for 
stuccoed walls, observing that, if more coats be required, the mixture of half oil and half 
turpentine is proper. To remove old paint, see 2275. 

2271. In respect to outside work, the use of turpentine is to be avoided, for turpentine 
is more susceptible of water than oil, and thence not so well calculated to preserve work 
exposed to the weather. Oil, however, having from its nature a natural tendency to dis- 
colour white, that is necessarily finished with a portion of half oil and half turpentine ; but 
in dark colours this is not necessary, and in such cases, boiled oil, with a little turpentine, 
is the best, or indeed boiled oil only. 

2271a. When linseed oil is clarified and cleansed by means of sulphuric acid, much of 
the cohesion in the vegetable property of the oil is destroyed, preventing its forming that 
perfect pellicle which it invariably does upon exposure to the atmosphere during drying. 
White lead should be ground with linseed oil in its pure state; this oil is now largely 
adulterated with oils of resin and pine, as those oils are very much cheaper. Oils are thus 
clarified that the lead, when ground, may appear at once as white as possible ; whereas, if 
ground in pure linseed oil which has had the refuse cast down by means of ivory black or 
powdered litharge, it will at first have a yellow tinge, which is only to be got rid of by 
time ; and hence arises the value of old ground white lead. {Builder^ xiv.). 

22715. The blackness which in the winter frequently shows itself upon exterior painted 
work probably arises from the outer skin of the oil having been rendered porous by the 
sulphuric acid, and the foul, or hydrogen, gas readily fastens itself to the unprotected lead, 
for which it has an affinity, and hence results the mottled appearance of such work. 

227I0. The best linseed oil is obtained from good Baltic and Bombay linseed, cru«:hed. 
Mineral turpentine is sometimes used as an adulteration of that article ; the paint made 
with it dries, and then softens, becoming sticky even under a coat of sugar of lead and 
varnish. Woodwork prepared with bad linseed oil for being stained, prevents the varnish 
from drying : good size is all that is required. To distinguish the good and bad qualities, 
states a writer in the Builder^ xxi, p. 919, pure vegetable turpentine, upon exposure to the 
air, always loses in bulk by evaporation, but gains in weight by absorption of oxygen, 
which makes it more binding in its properties. This peculiarity none of the mineral sub- 
stitutes possess; on the contrary, the mineral i« so extremely volatile that, upon exposure, 
the spirit hU flies off, leaving the oil without anything to assist it to harden, and of course 
increases the evil of the bad oil, instead of counteracting it. The use of varnish in white 
lead work cannot be sufficiently reprehended, on account of the ultimate defect of the 
work. 


227 Nut oil has been stated to be more durable, and to stand the weather much 
longer than any other oil, in paint. 

* 2272. White lead, which is the principal basis of all stone colours, is carbonate of lead, 
generally containing hydrated oxide of load, which is sometimes combined in the proper^ 
tion of one atom o^ nydrated oxide to two of carbonate of lead. It is usually made either 
by precipitation, us when carbonic acid or a carbonate is used to decompose a soluble salt, 
or a aubsalt'Of lead ; or bv axposing pktes of cait lead to the joint action of the Tapour<if 
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ieetk acid air and^carbonic acid. It Is by tbe latter process only that the Maltitl||[f carbo- 
nate of lead is obtained of that degree of density, opacity, and perfect freedom from Crys- 
talline texture which fits it for paint. The last, called the Dutch piwsess, was introduce! 
into England about 1780. White lead is often lar^l^ adulterated with sulphate of ba^t^ 
which may be detected by insolubilitv in dilute nitno acid, whereas pure white lead is 
entirely dissolred by it. Fine lead js now made from %lajg lead, which is treated witii 
nitrate of soda, thus oxidising all impurities except copper. The same effect is accom- 
plished by calcining the lead in an improving furnace, especially when the lead contains 
much antimony. The copper is next removed by a process not yet published, and finally 
the lead is crystallised by l^ttinson's process. The resulting metal is remarkable for its 
fine ciystalline surface and bold columnar fracture. Lead containing ev Aonly 2^ ounces 
of copper per ton communicates a pink tint to the corrosions of white lead, which it is im- 
portjint to remove, 

2272a. The ill effects on the constitution of persons engaged both in the manufacture 
and use of the article have recently (since the publication of the first edition of this work) 
induced the French chemists to find some less deleterious substitute for it, and H. de 
Ruolz has discovered two substances which fulfil the required conditions— viz., combina- 
tion with oil, good colour, property of concealing, dec. The first is an arsenical compound 
(product) hitherto little known, which M. de Buolz does not describe, because, although- 
ino4j||||pv6, it may be made, by very simple chemical reaction, to retake its poisonous 
qualities, and be employed criminally. The second, which he considers well adapted for 
use, is the oxide of antimony, and possesses the following properties : its colour is a veipr 
pure white, rivalling the finest silver white ; it is very easily ground, and forms with oil 
an unctuous and cohesive mixture, comparatively with the white lead of Holland as 46 
to 22 ; mixed with other paints it gives much clearer and softer tones than white lead. 
It may be obtained directly from the natural sulphuret of antimony, and at one third of 
the cost of ordinary white paint. (See Literary (jfazette, Nov. 26, 1843.) If the finishing 
colour is white, nothing but white lead should be employed. 

22726. A new process of making white lead is that of H. J. B. and H. B. Condy, who 
claim the following advantages : I. White lead of the finest colour and body can be made 
within seven days, instead of four to five months, as required by the ordinary process. 
II. Old lead or any description of metallic lead can be uswi, all impurities being removed 
by their process, instead of buying refined pig lead ” for the ordinary process. III. The 
present uncertainty in composition is corrected by the new process, which is identical 
time after time ; the covering properties are better. IV. The colour is preserved in 
Impure atmosphere. V. The absence of danger to workpeople, since nearly all the 
operations are effected by machinery, instead of being handled at each stage in the 
ordinary mode. 

2272c. The other metallic white paint used is Hubbuck’s patent ginc white, known for 
its intense whiteness, its resistance to sulphurous and other deteriorating causes, and its 
harmless qualities to the painter and the inmates of the house under decoration. It is 
requisite that the oil used should be as white as possible, that the brushes and pots should 
not have been used for white lead, or else hare been cleaned with spirits ; and that driers 
and colours with a lead basis should not be mixed with it. Zinc white possesses less 
body than white lead, and great care is requisite that the colour when ground in oil is of 
sufficieDt consistence to be laid on a flat surface without showing through ; for in that 
state any oil in excess will form a slight glutinous coating on the surface, retaining eve^ 
particle of dost brought in contact with iU until it has evaporated. Proper drying oils 
will cause zinc white to diy as quickly as the other colour. With these precautions, a 
few trials will enable any painter who is willing to work zinc white to overcome the diffi- 
culties which appear at first to condemn the invention. It is asserted that in consequence 
of the great durability of the colour of this material, a house painted with it may be 
washed for a succession of three, four, or even five years ; and that after each successive 
washing the surface will be found as clear and bright as when fresh painted. The effect, 
in appearance, of this paint is perhaps better when it is applied as a finish to a coat ot 
pure white laad ; generally it looks letter on new work than on old, as some specimens 
prove ^at it was then apt to turn black. An American discovery consists in subjecting 
the oxide of zinc, in its dry state, to the combined action of friction and pressure, by 
which means its bulk is greatly reduced, and it is enabled to be ^und with a reduced 
quantity of oil, while a greater body is given to the paint. Hubbuck states that 2 cwt. 
of his paint, wdth 6 gallons of oil, covers as much surface as 8 cwt. of white lead and 
12 gallons of oil ; and that it is cheaper also t^an white lead. 

2272(2. Lead colonrs are formed by a mixture of white lead with lamp black ; all 
colours, howevei*, that are called colours have white lead for their basis, chocolates, 
black, brown, and waiuscot only excepted. The femey colours are drabs, French greys, 
peach blossom, lilac, light greens, patent greens, blues, Vermilion, lake, Ao. 

2278* There is a process used ly painters termed which ie executed with 

white lead ground in water, and mixed with size. This is used metead of a coat of painti, 
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but it hM not safioiept body usefolly to answer the end for whieh it is nsnally employed. 
It preyents the oil paint sinking into the wood ; it scales off, and in damp situations its 
coloitf abaovt immadiately changes. The only occasions wherein it is useful are where 
the work is greasy and smoky, in which the use of it prepares better for the reception of 
joints It should, however, never be employed upon joiner’s work or cornices to ceilings, 
where much enrichment is fonnd ; for, of all things, it destroys the sharpness and beaOty 
of the oraaments. Painters are very fond of using it; but their endeavours to persuade 
the azphitect should always be resisted^ except in cases of absolute necessity, namely, that 
in which a fair appearance cannot otherwise be given to the work. The old work should 
be well cleaned and dried, and then the mixture above stated applied. For finishing, the 
white lead is mixed in half linseed oil and half turpentine, and used as stiff as possible ; 
bine black, or seme colour, and a little drier, are requisite. 

2278a. Various prepared paints are employed. One of the oldest is Carson s Anttcorro^ 
$ionpaintt used for out-door work only, such as farm buildings, implements, fencing, dtc., 
all kinds of iron work, brick, stone, compo, &c. It is stat^ to be lower in price, and 
|x> last twice as long as the best white le^. The powder, in which state it is supplied, 
is composed of ground glass bottles, etcorias from lead works, burnt oyster shells, and the 
requir^ matter for the colour that may be chosen. 112 lbs. of this paint requires 7 
gallons of raw linseed oil and 1 gallon of turpentine ; to be mixed over-night ; 2 coats are 
required on paint, 3 on new work; 3 or 4 on brick, compo, &c. ; everything to be well 
ecraped first, and the paint rubbed in well. It is thus more laborious to put on than 
common paint ; it wears out the brushes in a very short time, and as it lasts so long, 
painters will seldom use it. The appearance of a surface painted with it is rough, re- 
sembling that of unrubbed cast iron or freestone. It will blunt the edges of carpenters* 
tools when being sawn or cut through. 

2273^. Oxide of iron faint, of various colours, is a ferruginous paint, for iron and wood, 
made at Matlock. Messrs. Peacock and Buchan hare successfully applied their imjyroved 
coating composition to many iron vessels and life boats, for many years, and it is found to 
preserve the plates, keep the iron cleaner, and to stand the sea air and salt water much 
better than most, if not all, other paints. The Pure Carbon paint protects iron from 
rust, and is valuable for all outside work. When tar is used as a paint, about a pint of 
spirits of turpentine is put to a gallon of tar as driers, or a larger quantity if it be re- 
quired to dry quickly. The addition of yellow ochre will change the black to several 
shades of brown. 

2273c. The Bideford and mineral black paint has been exclusively used in H. M. dock- 
yards, .&C,, for the last forty years. Its superiority is observable in the preservation of 
wood, iron, and canvas ; it covei’S the work well, dries quick and hard, is more durable, 
and does not blister like other blacks, and has a body inferior only to white lead.” The 
Torbay iron paints, made at Brixham, in Devonshire, have been much used in dockyard^ 
&c., for coating materials under water, or in a position to be aflfected by damp. Their 
peculiar characteristics are, great covering properties, 62 lbs. effectually coating as large 
a surface as 1 12 lbs. of lead paint ; economy, durability, protection of iron from corrosion, 
arresting oxidation at any stage, and resistance to sulphurous and other gases. (Hunt, 
Handbook, 1862. Builder, xx. 627.) 

227 8d, The Iron minium paint, by A. de Cartier, manufactured at Auderghem, near 
Bruxelles, is a pure oxide of iron mixed with about one-fourth its weight of siliceous 
clay, and not containing any acids. It is now extensively used in this and other countries 
for painting the ironwork of ships, gas-holders, &c., superseding red lead and other pig- 
ments for such purposes. It is said to be solid, durable, cheap, and, above all, to re- 
serve iron from oxidation, and of hardening wood. It is a dark brown in colour, but 
mixes easily with other colours, such as black, yellow, green, &c. To test its purity, it 
is said to be sufficient to dilute it with a small quantity of water, spreading it on paper, 
when, if pure, the edges of the paper will preserve the special tint of the iron minium* 
If a change of tint is perceived, an adulteration has been effected. 

2273s. Warner’s Buicate of iron paint is sold prepared in genuine boiled linseed oil, of 
ft great variety of colours, for painting iron work. It is said to stand extreme heat and 
damp, and not to be affected by the stronffest acid, sea-water, sulphuretted hydrogen, or 
ammonia ; and to be equally well adapted for iron or wood. It adheres so tenaciously, 
that sheet iron may be bent until it breaks, without the paint coming off The powdw, 
when boiled up with tar, is a veiy cheap preservative for iron or wood. 

7^278f• When visiting Paris in 1860, the present editor was much struck with the 
appearance of the margins of the stairs at the hotel. On examination, they proved to be 
covered with a thickish coat of a hard compound, having rather a glossy surface, and 
somewhat of a light orange tin^. A water-closet which had been out of order on one 
morning was not only repaired, but the seat and riser, the floor, and the wall to a height 
of three feet, covered with this mixture, and reai^ for use by ^e next day. The tiled 
floor of the manuscript Toom at the library of St. Q4n^viive, which had been covered with 
we Mme mixturei wi^rtbeo in various sta^ of obliteration aooording to the traffic. Tho 
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attendant there spoke very highly in feronr of its cleanliness. It is heliored to he eom- 
posed of 10 lbs. or purified yellow wax, 10 lbs. of linseed oil, 8 lbs. of spirits of turpentinu, 
and 6 lbs. of common resin. The wax is dissolved separately in the linseed oil, and the 
resill in the spirits of turpentine by heat, and are subsequently intimately mixed, .when 
they form a p^ty compound. In this condition it is used as priming, being nearly colouro 
less after application. Fluents ground up in oil in the usual way are a<med in the pro- 
portion of one- third of the vehide, and then spirits of turpentine added in quantity 
sufficient to produce the desired amount of liquidity. So soon as the turpentine has 
evaporated, the coat of paint will support rubbing, if not too hard, without damage, but 
it takes some time to become hard. It is put on in one coat, without apparently 

any of the smell or inconveniences attending the ordinary process of painting. 

2273y. Among the modem inventions the following are noticed. Jw^ma paint, which 
is brilhfuit und pure, non-poisonous, without smell, and unchanged by gases. The Sani- 
tary Paint Company manu&ctuses non-poisonous silicate and other hygienic paints and 
colours for all purposes. The Silicate Paint Company manufactures the patent Charlton 
white, for use in place of white lead, zinc, &c., and other materials. Price’s ohesAui is a 
hard drying enamel for metals. The granxtw paint and the silicate eopissa composition 
is stated to he a cure for damp walls. Morse’s “ perfect oil paint ” is put forward for 
incude and outside work, old and new ; and as damp-proof and weather-proof. Magnetio 
oxide of frnw paints of all colours ; a cure for damp walls. 

22734. Paint done upon recently set Portland cement will not stand. The work must- 
be finished in Portland cement compo, and faced with at least half an inch of Keene’s 
cement or, better still, ^ Martin'|i cement, followed at once with paint having plenty of 
boiled oil in it ; the paint must be put on before the cement is thoroughly set, or the face 
becomes greasy and will not take the paint. In ordinary work, the stucco or cement 
must be dry, which may take six or twelve months to effect, or the paint will go in 
blisters, and colours will fly. Pure red lead and good boiled oil should always be the 
first or primuytcoat. 

2273t. Tij^fclestructible Paint Company protected in 1880 the obelisk called Cleo- 
patra’s KeedlHHed on the Thames Embankment, with Browning’s patent preservative 
solution, whicn^pears to have prevented the stone absorbing damp. (See also Pki- 

SEBVATION OF 8 TONE.) 

227^*. Fireproof paints. These are modern inventions. Astrop's patent Cyanite ia 
stated to be nou-poisonous ; a colourless or coloured priming for paint or varnish, or fdone 
aa a staining for wodfi. It is greatly recommended for painting timber as well ad for 
textile fabrics, to resist the action of fire. {Butler, Sept. 15, 1883.) The Anbcstos paint 
does not contain any oil, and wood coated with it has resisted fire. Griffith's Pyrcdene 
^nts aad liquids were used in 1887, in the Royal Jubilee Exhibition buildings at Old 
TraflTord, tmar Manchester, under the recommendation of Professor Watson Snnth. Sir 
Samuel Blane’s fireproof paint has been used at the new theatre in the Strand, built, 1 887. 
for Edward Teriy. 

Distemper, 

2274. The use of disiemper is older than that of oil and varnish. Whitewashing is % 
kind of distempOT, specially when size is used with it. Common distemper colour for 
walls is Spanish white, or whitingy broken into water, to which is added strong size whilst 
warm, and then allowed to cool, when it should appear a thin jelly ; two coats ore generally 
necessary. The old woric should be first washed by a brush with water. This process 
in old publications is called, “ painting in water colours.” It is much used for ceilingi| 
and always requires two, and sometimes three, coats, to give it a uniform 
It is not generally known that walls which have been distempered cannot afterwards be 
limewhitedy in consequence of the lime when laid on whiting turning yellow ; oil colours, 
however, can be applied, and then whitelead is used as the vehicle. Papered rooms 
coloured in this manner, especially over fiock papers, look well, as the raised pattern can 
be seen through the coats of colour. Rooms may be distempered (hv sgam in a day, 
with little dirt When wood is covered with distemper, it is lil1ll|^|p swell with tlit 
damp. Rooms that are to be afterwards varnished are prepaied in two ways : I. By 
applying the intended distemper colour, and then covering it with as* many coats of 
varnish, coloured or uncolourra, as may be required ; but if the wood be not dry, the 
colour becomes hardened and fiakes oflT, II. The colour is ground and mixed ub with 
Varnish, which produces a better result. If the last coat of varnish be appli^ colourless, 

It then forms a glazing to1h« under tints, and its brilliancy will be greater. The use of ’ 
Bise here, again, produces a considerable saving varnish. For new plaster work a 
coaUng of size is desirable. 

2274a. Morses patent Caloarium distemper, or washable non-poisonous water cohmre 
in cold water, doee not require to be washed off previous to re-doing; cbloiiri for inaida 
. work, but not on ontside painted waBs; white for ceilings. It will not 
rub off j IS stated to be one-fourth the cost of lead punt ; ,that one hun dr e d w oigh li wd}: 
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twioe «om 200 to 300 aqum ynids of itimde work, and from 100 to tOO sqtiare 7«rda>ol 
oataida. work. t • 

Mandor Brotl]»t%' aon-poieonoas coloora for dbiempor. Thej recommetid ^ooo i 
poimd t( dr$t*vtLt 0 dissolved in wiHsr orer the £re, adding more water to 

a boekettkl of aiaaio^boiib gallons. A preteatire coat, made of whitang slacked jf/r 
Sold watiiv ad ling the pidm proportion of colour; tken redacO four onneeo of soft so^ 
io^lttlle want^aiae, ana mfz tboron^faly in the (colour, adding it to each baeketfnl of 
stuiH <rhes thin down the whole with jelly siee until it is fit for use. This coat should 
be made nutCh thinner (with sise) than the finishing coat, and it should be laid on etenly 
with a 4at brash and allowed to dry. For the finishing coat, make the colour as for the 
preparative coat, bnt with rather less size and more colour, and omit the soft soap. The 
wails, should always properly dry before being oolonred, unless made with Parian 
cement, otherwise they will not dry of a uniform colour. Menders supply about one 
hundred fine ooloun for Ua|lbus purposes. 

22740. JkkTUoo is a new%ashi&le distemper. 

2274d. Distfmper a,ndJre§co paintii^ are subjects we do not to treat in this section, as 
they would come under “ Decorative Riinting,” a higher branch of artistic skill. 

22753. Some colours dry badly, black especially, and in damp weather they require a 
drier, as it is called, which may be made from equal parts of copperas and litharge, groufid 
very fine, and added according to eircumstaoces. Drying oil is made as follows : — ^To 
1 gallon of linseed oil put 1 lb. of red lead, 1 lb. of umber, and 1 lb. of litharge, and boil 
th^ together for two or three hours. Great pare must be taken that the oil does not 
boil urar, on account of the danger to which the premiss^ would be thereby exposed. 
Thus, im a pot capable of holding fifteen gallons it would not be prudent to boil more than 
one-third of that quantity. To remove old^paiot, varnish, &c., the Electric paint remover, 
as well as the EgypHac^ tlay, are said to be veiy efficacious. The Wellington automatic 
torch for burning ofi 'paiut, and for plumbefs' work, as soldering, is a useful instrument. 

2275«, Painter's is made of whiting and linseed oil, weU beaten together. 


ImUaiion 8 m‘ 

2276. Gramin 0 (or combina, as is termed in some late sp^ifications) and marhlmg, 
or the imitation of real woods and marbles, is done by the painter. Mahogany gmined 
in 1703 is the eai^liest notice the writer on the subject in the Architecture Publication 
^ocisly^s J}ictwnajy had found ; gained wainscot appeared in 1816. Imitlftimi wainscot 
is obtained by giving the painted work a coat in oil of a brownish tone, the colour being 
thicker than usual ; this is then scratched Over by combs of bone, with blunt points, and 
ef various degrees of coarseness, leaving the ground visible. The cross white rains or 
ehaTnps are next taken out with the corners of a piece of soft leather doubled Uj^. ' The 
next process, which in cheap worfc is omitted or carelessly done, is ovtr veining ; this is 
^ffect^ with a wide flat bnish, the hairs of which are long and idende^ dipped in trans- 
parent colour, when the hairs stick together in a sort of lock ; the cross vffus of the 
ivoods are dexterously imitated with this tool, and show the other veins below. Other 
exn^ents have been made to imitate knots, veins, mottles, &c., of various woods. The 
litUo dark spots with a lighter shade round them in maple wood are imitated by dex- 
terous touches wicn the tips of the fibers on the wet pi^ent. Almost every other 
wood, as well as wainscot, is imitated in distemper, for which small beer and water, 
mixed w^ Vandyke brown and burnt sienna, according to the tint required, is found to 
be sufficiently glutinous without the aid of sise, to prevent it smearing during the appli* 
cation of the coat of copal varnish which follows soon afterwards. Graining operations 
are Mways done after the wood has been painted ; in bt'St work, indeed, the coats are 
thicker than usual, to afford a good ground for the combing. Taken with the subsequent 
xarnishing, ^aipsd work is considered to be more lasting than painted work. ^ Certain 
to^i hsra beek invented for performing this work; the grain has been imitated by 
machtnery ; and graified pi^psis have been printed from the grain of the wood itself. To 
save ^e delay eonseqnent on painting and all its annoyances, the editor of this edition 
explamed^ in 1957. g, his system of grmuing on the wood itself; whereby only a pre- 
peratoty sisiiig iAA^eessoiy ; the result is that scarcely any smell of ..paint is perceived ; 
A greater brilliancy in effect is attained ; and the woodwork may be Im to dry until the 
lest tnomeskt. . 

227.00* is painting on a prepared painted sni^ioe, Aii|miiation of the material 

!ik ee I^e talent, of tlie painter will |idmit, and requires no4|etailed explanation. 

' a subs^uentopM^n to both of the abot%|i(roeesses, requires much 

aiuitne use Of good matmal» tlm t^eSt copal tazniefa^ to^3^^ out the colours of the 
quilttilesof varuii^ are mgpiiftetnred, m o»^, fior imitation woode, 
M|«cOpal oaki^fiev grained interior workt mhogany tataieh, darkeif in colour; 
ffi^hM-draiag oOk raraiih, drying inabouk a ho«ie»aii^0lsid.fbr heats in piuirclies, dtc. ; 

V mra hsad^%&0«^ mifnish, used altradsal hin beeM><t|diTed^ paper Tsniiah*. for papen- 

" : . ,, IB 4 
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htmgings, &Q. Where expenee is net an object, t#o or tliree coats ore opplied^espeeiaH^ to 
marbling, each coat being well nibbed down to obtain an even surface and a high degree 
of poliah. To restore the gloss of varnished graioaog, of marbli^, or of varnished |^a|M»rt 
^he whole must be well cleaned, then sieed afresh, and rerarnished. Baft ongWaf 
»lfmr of the work can never be ihlly reproduced, as the vamieh darkens by thns* Brun^ 
iHok black varnish, a q«ick drying jet blaidi, is used for gssfteSf iixm work, Com 
cabinet varnish, and a white, a b^wn, ha^ varnish, and French polish, are ns^fos 
cabinet-makers* work. A water dotting varnish renders pawhangings washable without 
imparting a gloss. These varaiebes are all as made by Manw Brothers, Wolverhampton. 

2276c. To clean varnished work, soap and water applied carefully with a sponge, and 
the use of warm woollen cloths td dry the work, ie very efficacious. The steps of wooden 
staircases, painted, seined, and varnished, labt a very long time, and neither dust nor 
dirt adhere eo easi^ to such work as to paint. woods, especially wainscot, are 

prepared for receiving coats of varnish, by being first sized to prevent thte rise of the 
grain which ensues wlmn the slightest quantity of water touches it. When to be p(^ish|^, 
they are well smudged over a short time previou'tly with Russian tallow. A preparation 
called Letkicium is said to remove paint from wood in twenty minutes, doing away with 
the necessity for burning it offi A h^/po^itro kali has been introduced for the same purpose. 

227 6d, ^nd paper, glass paper, foptr, and emery cloth, of various degrees df 

fineness, are employed to rub down wbA to a surface. It is made by the pulverised 
material being plac^ in fine sieves, and by a gentle motion distributing it by hand over 
the paper or cloth prepared for its reception. 

2276s. Stame, as substitutes for paint, the tints resembling oak, mahogany, rosewood, 
walnut, and satinwood, cause the natural ^rain of the deal on which they are applied to 
appear. The wood is then sized and vamiahed ; their durability is stated to bc at least 
three times that of piint in interior work, and only at half the cost. This is StSphenV 
preparation. Naylor’s stain is said not to require sizing, and to stand exposure to the 
weather. Swinburn’s -TSranaparent staining and anti-dry-rot fluids are cnemically pre- 
pared, and show the natural ^rain and feathery appearance of the wood. When sized ant^ 
the prope^amish used^ they are ssid not to fade or blister by exposure to the weather. 

2279f^fander Brothers supply permanent wood stains in dry powder, which tire in- 
stantly sdiuhle in boiling water and perfectly fast in daylight ; they are provided in boxes 
of 1 oz., 2 oz., 4 oz., 8 oz., and 16 oz. A pale copal varnish, or a dark hard-drying oak 
varnish, should follow in two coats, put on in a warmish room, free from dust KaflkoUth 
is a uew patent priming and stain ; it is considered to he best used as a first coat of paint' 
tc^iftrood, to impart durability to all oil colours, and that tlie paint does not blisttr. It is 
Yerj useful to prepare walls for paperhangings. 

2277. In the outside work and stairs, the process of sanding is frequently adopted. It 
18 performed with fine sand thrown on the last coat of paint while wet. Cement work is 
generally coloured with its own cement mixed up with water. Roman cement, or black 
cement, as it is sometimes called, must have a wash or two ; and while Portland cement 
is declared not to require anv colouring, certain it is that in London not many yeard 
pass over before its dirty look urges a colouring or painting process. The process of 
painting the artificial cements, snch us Parian, &c., is noticed m pars. 2251/, ai^ 2273A 

Gilding. 

2277a, Gilting is of two kinds, burnished, and mat or dead, gilding. The former is 
seldom used in architectural decoration. The latter is done in oil-size on woodwork; in 
water-size on plastering. The gold leaf of various thicknesses, but generally about 
of an inch, is called *' single,*’ ** double,” and ** thirds,” and of tints, if furnished in books 
of 25 leaves, each leaf ^ng 8| by 8 inches, or in ^e book 18 inoMs and | of an int^ 
superficial, covering about 1 foot of plain work. It should not be too thin nor have too 
much alloy. Gilding oii.niftal is effected bv first giving it a coat of paint or smns 
other substance to prevonpoxidation. Gold, ahsolntely pure aod of extra tbieknesft, was 
applied to the inmwork of the great tower at Westminster ; and Aouhle gold leaf, pure^ 
was used in the reading room of the British Museum. It has been SUUd, that if jtwft 
before commencing to gild, each leaf of the book be slightly rubbed over with wait, 
sufficient only to cause the adhesion of the gc^dt that gilding in the open tur^^eyen in 
windy weather, may be done without the loss of a leaf, as the stickiness of the goM-eise 
trill overcome that of the wax, and no put be blown away, as is generally the case. * 

ti277h. A gold pmnt^ patented by B. BesseaW, is now much us^ wMw, l^tlm highW 
Improved manufacture of bronze powder, is jmatly reduced in price hi Esglaad, 
though vmy muck is still purchased from the Gennen dealers. As an impalpah&iiMt^lia 
powder, its apj^ication to plaster, wood, is effected by using a camel’s hair 
which is di{^»d Into a little of the powder and rubbed np in a email portioa of 
parent gummy varnish, it adheres to the sux&ee^ For uU outdoes 

requiree to be varnished oyer toy^bftter preservutknu . v 
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2277c. With painting is often connected the practice of paperhanging bj the same 
artiSeer^ The Tarious sorts of paper used for lining walls may be descriM as follows : 
Slock prihled by hand, a process now seldom done. Machine printed, of great variety. 
Flocks, the pattern being^formed by a wo6l ground to a fine powder and fixed to the 
paper by a sticky oiL Raised flocks; patent embossed flocks ; imitation leather, of which 
the new Coriacene is an example. Woollams and do. were the original makers of 
non-ar$eniml papers. They are also manu^turers of patent ' embossed flock pap^ 
embossed imitation leather paper, and raised flock papers for pamting over. Arsenical 
green in printed papers is considered injurious to health, from its flaking off in light 
particles, and floating in the air, when it is taken into the lungs while breathing. 
This colour giay be at once detected by placing a few drops of ammogia on it, whereby 
the green will be changed into a deep blue. 

2277d. The methods of manufacturing marble, granite, and wainscot wall papers, is 
well described in the BwAder for 186d, p. 912, and which need not be here enter^ upon. 

2277s. It may be mentioned that papers are printed 12 yards in length, such a leng^tb 
being called a piece^ and 1 foot 8 inches wide ; hence 1 yard in length contains 5 ieet 
superfleial ; therefore, any number of superficial fltet ditdded by 60 (the length 36 x 1 ft. 
8 ins.) will give the number of pieces wanted for the work ; I piece in 7 or 8 is allowed 
for cutting and waste to common papers, and any odd yards are allowed as a piece. 
French papers contain about yards superficial par piece, being of various widths. In 
best papers this allowance for waste is not enough. Borders are 12 yards or 36 feet in 
each length, each being technically a dozen, A ream of printed paper of 20 quires of 24 
sheets to the quire, is equal to 28 pieces of paper, or each piece couUins 17 sheets. 
6atin papers should be hung over a lining paper. The paperhanger has to provide and 
hang materials required for covering damp walls. 

2277/. Walls of rooms should always he stripped before the new paj^r be put up, a 
process usually attempted to be shirked, even when charged in the estimate. In bad 
common plasterer’s work the setting coat often comes off in parts with the paper and has 
to be repaired. The walls are commonly prepared for papering by a coat of clearcole^ 
or similar material, and for better work by rubbing down, 

2277 g, Faperhangers* paste is made of flour, a little alum, and single size. 

2277A. Tectormfn is stated to be a sanitaiy decoration for walls ; it is a fine textured 
calico painted, with the patterns printed thereon. The dado filling is made in 22, 27^ 39, 
36, and 4d inches widths. The filling 22 inches wide is either in plain oil colourf^cr 
colours varnished, so that it can be washed with soap and water. The material is ap> 
plied in the asnal way as a paper ; it checks the inroads of damp into a room. Ltnerusta- 
Wdlton, formerly known as Muralis^ the Sunbury wall decoration, is impeismoable 
to moisture, and has other advantages. Muraline is one among the many washable 
papers. A Sanitary paper is made of non^absorbent materials, and being printed under 
a great pressure, dae colouring is pressed into, and thoroughly incirpoiwted with, the 
fibre of the paper. These papers are well adapted for sick rooms, and can be washed 
with cold water. The Duro-texttle is of this character, and is made 24 inches wide. W. 
CocAe & Co.’s golden lustre silk paper hangings are stated to be free from all impurities. 

Other Decorative Appliances and Drocesdes. 

2277t. Distemper and Fresco painting. Sgraffito^ an ancient Italian process for external 
and internal plaster work. Fargetry^ or modelling in wet plaster, as carried out in the 
half-timbered buildings of the 16th and 17th centuries. Modelled fibrous plaster work, 
for ceilings, &c. Marble mosaic floors. Tde paving. Artistic joinery in dados, doors, 
panelling, &c , in all woods. Chimneypieces in marine and wood. Beal wood veneering 
in iieu of painting and paperhanging. Xylatechnigrnphy, % new and permanent process 
for decorating woodwork in lieu of painting or graining, ftadeke's compressed wood 
pulp. Stained glass and leaded lights. Embossed and painted modern leather, and 
Spanish leather, far walls, screens, &c. Tapestry, imitation painted or printed, for wall 
hangings, staffs for curtains, fhmiture coverings, &e. woodwork (par. 217^.). 

Marguiiry (par. 217^.}. Colour decoration, apjfiied to walls, continually fails. ^ Mr. 
*Qeat(m has mveated Cloisonni mosaic, a material that will take colours on the principle 
of cloisomiA Work, which could be applied in panels 6 feet by 3 feet. It is a metal Itniog, 
filled in with a coloured material, and wai^ble. 
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VENTILATION OF BUILDlNOa 

2278. Though this aud the following section can scarcely he said to come legitimately 
under the heading of this chapter, the sulgeots are so intimately connected with each of 
the sections, and hare been relerred to occasionally in their description ; and as, moreoTer, 
the architect is expected to make himself fully acquainted with these subjects, this place, 
then, appears to be suitable for the consideration of them. 

2278<i. Whedier ventilation be left to chance, or whether any special apparatus be erected 
for the purpose, foul or vitiated air must be got rid of ; while fresh air, adapted to the 
purposes of respiration, must be admitted in sufficient quantity, that is, at the rate of about 
4 cubic feet per minute for each individual in the apartment. The force or impetus of the 
incoming air ought slightly to compress the air of the room and assist the effiux of the 
vitiated air; and this, in its turn, ought to be so heated as to have a ceitain amount oi 
ascensional power. Mechanical means are sometimes necessary to expel or witlidraw the 
air, such as tanners, bellows, pumps, &c. ; but for general purposes it is more convenient, as 
well as economical, to trust to the natural method of getting rid of vitiated air, that is, by 
making certain ventilating tubes or openings at the highest point of the room, towards 
which the hot air tends to flow. 

22786. Some authors have divided artificial ventilation into two branches, called plenum 
and vacuum. By the first, fresh air is forced into the interior of a building, and the 
vitiated air is allowed to escape by openings contrived for the purpose By the second, 
vitiated air is drawn out of the building, and fresh air finds an entrance through channels 
adapted to the purpose. 

2278c. As the velocity of a falling body in a second of time is known to be eight times 
the square root of the height ^the descent, in <^||||||aof a foot, so the velocity of dis- 
charge per second, through tubes or be briefly stated as equal to 

eight times the square root of the difiTerence iofU^PCfanT two columns of air, in deci- 
mals of a foot. This number, reduced one-fourth for friction, and the remainder multi- 
plied by 60, will give the true velocity of effiux per minute. The area of the tube in feet 
or decimals of a foot, multiplied by this last number, will give the number of cubic feet of 
air discharged per minute. The height of a column of heated air must be calculated from 
the floor of the room to the top of the tube where it discharges into the open air. Where 
several vent tubes are employed, they must all be of the same vertical height, or the highest 
veut will prevent the efficient HCtion of the lower ones, so that there might be a smaller 
discharge through two tubes than through one only. 

2278rf. When several openings are i;nade above the level of the floor of a room, the 
highest one may be the only one capable of acting as an abduction tube, the other lower 
openings often serving as induction tubes, discharging cold air into the room instead of 
taking it out, and, in doing so, it may lower tlie temperature of the hot vitiated air and 
prevent it from escaping, thus not only causing the bad air to be breathid over again, 
but filling the room with unpleasant draughts. But if the highest alduction tube be too 
small to carry off the requisite qu ntity of hot air, the tube next below it in elevation at 
any part of the room will act as an abduction tube. If the lower openings (to be provided 
with sliding valves^ for the admission of fresh air be too small in proportion to those for 
the escape of hot air, a current of cold air will descend through one part of the hot air 
tube, and the hot air will ascend through another pirt of the same tube. In order that 
\eDtilating tubes or openings may be effective, the lower opwng for the admission of 
fresh air must be at least as large as the upper ones, and larger if possible. Tredgold re- 
commended that the lower should be about double the area of the upper openings, and be 
so subJivided as to break the current (Tomlinson, Warming and VmtilaXwii. 
1850.) 

227^. It must be noted that all noxious gases do not rise, and therefore that in a few 
exceptional cases ventilation must be effected at the floor level. Taking atmospheric air 
at 60^ Fahr., and under a pressure equal to SO inches of mercury as 1,000, then hydrogen 
gas equals 6,926 ; nitrogenous miasma, about 075 ; olefiant 978 ; sulphuretted bydro^n 
gas, 1,178; earkinic oxide, 957; and sulphurous acid, when anhydrous, 3,000, On th^ 
contrary, enrburetted hydrogen gas, or marsh miasma, is as light as 555 ; gnd common cc^ 
gas ranges between 514 and 420. Thus above or below the tempernture of 60'^ the con- 
ditions of the diffusion of geses vary in a marked manner, and it ia on this account that the 
foul air of sewers, &c., exercises a more extended action laterally in hot weather, when it 
is able to diffuse itself more easily through an attenuated atmosphere, than in cold weet^« 
when the greater density of the atmosphf^ |Bd the eomparatrvely higher temperature Of 
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the glran from the recepiteclei mentioned* enable the fonl air to rise rerticaUj 
with greater eaae than to sjpread laterally. In a room* the carbonic acid emitted by the 
lights and by the breach of its ocenpante ^ing of greater specific gravity than atmospheric 
air* would* at the ordinary temperature of the air* tend to aocnmulate m its lower strata ; 
but the temperature of the products of respiration and of combustion is usn illy so much 
in excess of that of the air, that they are enabled to rise through it* and to accumulate in 
the upper portions of the enclosed room until some change in their tern pern ture takes 
place. The foal state of the air in the lower portions of a public building on the day 
following a crowded meeting may be due to the change of temperatnre during the night* 
and the retention, by closed doors and windows, of the air so rendered impure. In 1 866 
General Morin read a pnper to the Paris Academy of Sciences, again urging as a funda- 
mental principle the exploded practice of drawing off Titiated air from the stratum nearest 
the floor* pure air being admitted near to the ceiling. 

227fi/; Our limited space will not permit us to do more than very briefly retire th«5 
chief principal methods of ventilation; the Application of any one of them must be left *o 
the ingenuity of the architect. He will find that all piibli** buildings, aud even all private 
bouses, from the highest to the lowest riass, must be spontaneously ventilated* for if any 
trouble be entailed* it will be neglected. The means for ventilation must be cheap, easily 
procurable, always in place, self-acting, and not liable to get out of order. Such an inven- 
tion is the Arnott ventilator, when placed as cl ise to the ceiling as practicable, forming a 
direct communication between the room and the chimney. The chimney has been made 
the means of securing a ventilation by a separate and rarifled air channel. Thus, besides a 
mere chanuel left in the wall adjoining a flue, Boulton’s patent combined smoke and 
air flues, of terra-cotta, for 12, 10, and 8-inch chimneys, are effective. Boyd’s patent flue 
plates are similar in principle. Chowne’s pitent »iir-syphon, consisting of uzvinverted syphon 
tube, acts upon the principle of the air moving np the longer leg, and of entering and de< 
scending in the shorter leg, without the necessity for the applic-ition of artifleial heat to the 
longer leg. This, however, does not appear to be always proved in practice, for whether 
the current in the longer leg be ascending or descending, depends chiefly upon differences 
of temperature within and without a building; but as the brickwork of chimneys often 
gets heated by the vicinity of the kitchen flue, or even by the sun shining upon it during 
the day, an ascending current is more likely to be sustained than a descending one, since 
brickwork will retain its heat for some hours. 

2278^. The system adopted by Br. Beid, at the House of Commons, was that of admit- 
ting air into a chamber underground, where it was (arid is still) purified by being washed 
while passing through a stream of water, and then through canvas, whereby other im- 
purities are extracted. It then rises to the floor of the apartment, which is pierced with 
many thousand holes, and passing through them is then further distributed by meens of a 
hair-cloth, ascending towaids the ceiling at aliout the rats of one foot per minute. This 
air is, in cold weather, warmed below ; and in warm weather it is cooled with ice. T^e 
object is to keep the air in all seasons at a uniform temperature of 64°. The air is often 
cooler in the House than that outside it From the ceiling it is carried rapidly away along 
a tunnel to feed the great furnace which creates this current of ventilation. The com- 
plaint is made that it carries with it from the floor the fine dust brought in by the 
members’ feet which, being inhaled, sometimes affects those in the House. The method 
adopted by Br. Reid to warm and ventilate St. George’s Hall, at Liverpool, is detailed in 
the Civil Engineer for 1864, pa^ 136. The ^stom employed from 1736 to about 1817 at 
the old House of Commons, which was e^|p|p|||y ventilated, was by a fan placed over it 
for extracting tlie heated air, its rate of ijfin(iV||p liiiiii[ dependent upon an attendant, who 
received his directions from a person wit|m|Hl| House. The common revolving wind- 
guard placed at the top of a chimney to ilMMI a suction, whereby the smoke may be 
drawn out, it of the same system : as is also Howartb’s patent revolving Archimedean 
screw venUlator. One of the latest systems of effecting the regularity of working such 
fans or screws is by the aid of the high service water supply ; a flow of water impinging 
upon the blades of a wheel turns the extracting ikn, and the water is conveyed to a lower 
reservoir, to be used for domestic or other pur|K)se8. 

22786, The opposite system, that of air being forced into aj^rtraents by mechanical 
tneang, such as the fan driven by st^am power, is practised with ^reat success at iihe 
Reform Club House, the General Post Office, and many other buildings, public and 
private, and especially in factories. The fan is regulated to a velocity of between 80 and 
100 feet per second. Br. Van Hecke’s system of warming and ventilating, as arranged 
at the new French hospitals, is effected by means of a home- power engine, working a 
fan, which drives the external air through lon|; subtermneous channels into lour warming 
apparatuses, whence it ascends into flues, which conduct it into all the wards, passing 
tbroQp;h reg^ting air gratings in the walls, la each ward are two or more escape flues 
■carrying the vitiated air above the roofs. 

2276i', The Maekmam air for veatilating, cooling* and drying, has given good 
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resulta. One of 14 inches diameter, rerolring 1,000 to 1,600 revolutions p« miatl^ 
mored 1,600 to 2,600 cubic feet of air per minufe. One of 24 inches diameto, rerrtvfn^ 
600 to 900 per minute, moved 8,000 to 6,000 cubic feet of air. Another of 48 inches 
diameter, revolving 300 to 600 per minute, mored 18,500 to 80,000 cubic feet of atr peflr 
minute. 

2276>t. The Boyle wetmn of rentilation of vrorkhousei and hospitals (1882), by self- 
acting air pump rentimtor (perfected Oct. 1887) and the air inlet brackets, is um at 
St. George’s Hospital for the extraction of the foul air and admission of fresh air, which 
is eflToct^ without draught, and is put forth as ** the simplest, cheapest, and most efficient 
system of ventilation that is at present in existence.” 

2278/. Another system prevails to some extent. The ventilation is combined with the 
method of warming, be it a church or other room devoted to a public purpose. This is 
effected by means of flues for extracting the air in the building being connected with the 
furnace of the apparatus. Such is the principle adopted by Messrs. Haden and Co., of 
Trowbridge. It has been in practice with success at the Royal Polytechnic Institution, 
London, for ventilating the lacige theatre since its erection in 1838. After the Are is once 
lighted, all its coromunicatiotas with the outer air are closed, and that of the extracting 
flue opened, which then supplies the fire with air brought down from the upper part of 
the theatre. Fresh air is admitted to the theatre only through the ordinary doors and 
openings. 

2278to. As regards ventilation by windows, or the natural method, as it is called, as no 
system of making a sash working upon a horizontal axis, such as French casements, can 
wisely dispense with stay-bars, even when made to open and shut by means of a wheel 
and axle, our attention may be confined to lights hung on pulleys, or on hinges, or on 
centres. The first of these three clashes is the common lifting sash. Wind-boards at 
top and bottom to prevent the effects of direct currents have been suggested; and 
machinery has been fitted to open both sjishes simultaneously, so as to ensure the desired 
circulation of air through apertures at pleasure, or that shall not be altered without a 
key. This improvement has lately been successfully managed by the “ patent counter- 
balance rack slips,” which also do away with the use of lines, pulleys, and weights. In 
double windows, however, as in the lavatories at Middlesex Hospital, a roller has been 
placed between the two pairs of sashes, which move reciprocally, like the double bucket 
action ; so that when the inner top sash is lowered the outer bottom one is raised, and 
the reverse ; and the extension of this idea to the lights of water closets has been 
advocated. It has aUo been suggested that, in the usual windows, the horns of the upper 
sash styles should appear above the top rail, so that the window could never be tightly 
shut ; but the benefit from this plan is confined to periods at which the window is n6t 
closed by shutters or by roller-blinds. The same objection applies fo the use of sneb 
perforated glass and other contriA’ances as are mentioned in par, 2231a. It is stated that 
no draught is felt by the use of these inventions, as the air passing through the perfora- 
tions is diffused equally and imperceptibly. We must notice that it will be found that 
the air is always passing into the apartmSut, and that when the wind blows towards the 
glass, the extra supply of air sent m is undoubtedly felt by the occupants, but some- 
times not appreciated by them. Another method consists in the admittance of air either 
by a space left between the top bead (the horns, as before, stopping the sash from 
home) and the head of the opening, or by such a space over the outer bead, to communi- 
cate with the box formed by the inside Imiog and the architrave or other dressing, thb 
latter being either pierced with holes oH^lmached slightly from its grounds. Anothel* 
method much practised is to make the is^e bead to the lower sash of a greater height 
than usual, say about two in''lies; thus the sash is raised a little and clears thb 
meeting bar, fresh air will be admitted at the meeting bar and not admitted at the lower 
part. Old sashes may bo so treated ; even a bar of wood about three inches high, fined 
with baize, its length iwing the width between the sash reveals, can be put on the siH 
when the sash is raised, and the sash shut down upon it. This admits fresh ' air at the 
meeting bar sufficient to ventilate the room without draught. 

2278». Of the second class is the common hopper to a window, framed with or without 
side lights. In this are included all henhouse sashes that are hung from the top, which 
may be made to open simultaneonsly ^ means of ratcheted stay-bars dropping intb 
toothed wheels fix^ on a continuous axis, worked by a wheel against an endless screw. 
When double '^^indows are used, as in ’very cold climates, or when it is desirable to shut 
out noises, the upper portions of them snoald be made to open by the action of opening 
the inner window This scheme has been adopted in the hoepital of the Wieden eoburbi 
and also in the Imperial stables, at Vienna, with success ; its action is not deseribed, but 
the outer window is presumed to be fixed, the heads of it forming a hopaier, whi<ffi 
opened or shut by lowering or raising the inner window. ' 

2278(7. To the third class belong pearly all the modem $n§^tsh mtonts 
ventilation, which coasift of one or more pUmos woi^pg like a Jalousie lath a SM- 
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eontHt axif. Of ^ IM priaeipal adaptionaof the tyaUni to aa obtba wiadow, Harwopd’o, 
sliova hi fy. 8#te.,-attd wovMd hj an eadloM screw, is the simplest ; there is another 
armiigement of tins hind by Maekrc^, where the 
action is sim^ to that of a carriage window ; 
the saeh nms ia a groove, and beii^ tamed bj 
rneaASof ai toothed pivot working amnst an end- 
less serew, it can M kept at any desired height. 

The methed indicated by Jk^, 808., adopted at 
JCiddlesex Hospital, seems more simple and more 
cconomicaL By turning the handle to the points 
in the plans A, B, and C, the glased louvres are 
simultantohsly opened or shot to those limits. 

2278p. VeotiUtioB is effected on the principle 
of the extracting valve, aS advocated by Br. 

Amott, which is a plate of metal hinged to the 
lower ^ge of a metal box next to the room, and 
on the other open to its chimney. The draught 
of the flue tends to car^ away the air of the 
room, when the cnrrrent is upward ; should it l)e 
downward, a silk or mica flap is driven against Fig. mb. rig.8oea. 

the plate, tending to prevent the ingress of smoke. However useful this contrivance 
may be, its result in cubical consumption of air is necessarily small. A cowl with 
vertical, or horizontal, or slanting jalousied sides has also been employed, 
with or without an Archimedean screw, at the top of a flue, to exhaust 
the air of a room. The simplest means of the admission of air to a room 
is a bole in front of which, on the inside, should be a board inclined to 
throw up the current of fresh air, as Jiff, 8086. Another well-known 
invention is Sherin^ham'a inlet ventilator. An opening is made in an ex- 
ternal wall for the introduction of air, and a metal box inserted, which is 
a sort of hopper, having at its month a valve, so hung as to direct the 
current of air towards the ceiling, whereby no draught is felt by the 
occupants of the apartment. Somewhat similar is Hart’s ventilator, the 
f.iCd being of perforated einc. Such articles are also made with a box to 
contain charcoal as a purifier of the air before it is admitted. Lwker’s 
patent ventilator, consisting of a tubular piece of pottery fixed in the 
wall, into which on the inside is placed another tnbe, perforated all round 
with small holes, the inner end being closed altogether. This second tube is pushed in or 
out, according to the quantity of air required. 

2278^. Amongst the earliest of other and Inter systems is Watson’s double-current venti- 
lator, consisting of a tube divided by a diaphragm, and rising from the ceiling to the 
external air ; it was intended that the air should circulate, as shown in Jiff, 808c., by an 
ascendii^ and a descending current. It has 
been said that this result only occurs in rooms 
that are perfectly closed, and that the two tubes 
generally serve as exhausters ; but our own ex- 
perience is more favourable to the eff.ctive 
working of this invention. Somewhat eimilar 
to this is Jiff, 808d., called the Shaftesbury 
ventilator, which appears to have been applied 
in small tenements with success, probably for 
the very reason that the rooms in such cases are 
generally kept as close as possible ; for it has 
been necessary to conceal the opening at the 
ceiling by an ornamental rose, and to put at Qt 
an air grate with large openings. At times, j 



Fis. MS&. 





I imiiiiiL ^ 


m 


fit. SOSA. 




Fig. 806#. 


however, jthe rush of eold air is vevy great through this tube into the room ; to remedy 
this, tho ttd G may be connected with a horisontal tube or box about 8 feet long; and 
•omHwlmt laq^ than the tube H ; each end of tbi« box is open, but filled with very 
fine vkngHWef the result t^ieou has genarally proved sntiafsetoiy, A modification 
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^ preeedfzkg i^^tion i« fuiopted bj HeKiunel Two ooneentno tube* ato M 9«od. 

t}.at the inner one is iooger thaa its sQFelope. This ItppaxisMu* 
shown in fy, 8O80., nearly answers its purpose, according to certain 
authorities, and certainly gives, in some cases, a result tfiaiwould be 
satisfactory if its regularity were not affected by atmospheric, influences. 
The openings require to be coyered, so astoprayeiit the a<bnissiaD ^ 
of rajn. A square turret, diagonally divided, as shown in 80^., 
is known as Muir’s ventilator. The inventor calpnlates npon utilising ' 
the slightest current of air, *as he snppoees that when it arrives at. 
one of the sides it will enter, descend, and force an equal quantity ot 
ibul air to dischaige itself at the other sides. The report of MM. 
Blondel and Ser upon the London Hospitals in 1862, states broadly that 
none of these methods gives a satisfactory solution of the question. 

2278r. H&n^man's dfdipkragin ventilator, 1$88, is prepared for use, 
for open timber roofs and for ceiled apartments. Air pressing in on one 



side shuts a 
through an oil 


re on the windward side of a middle d^iaphragm, passea 

„-ilce in it, creating an upward current in an air trunk, 

which draws out the foul air in the room through other valves on the 
lee sidef^ When there is no wind, the valves on both sides of the diaphragm open 

freely for the exit of the heated air. , 

2278s. The system of Mr. Tobin (of Leeds) for pro* 
viding access of fresh air into a room is now extensively 
used, and sometimes under other names. It was pro- 
mulgated by him about 1874, and although the prin- 
ciple is of an earlier date, it is to his endeavours that 
it has become recognised as a most valuable auxiliaijr. 
The principle is that of a tube carried up &om the llo^ 
against the inside of an external wall to a height of 
about 7 feet. Fiff. 808y. shows a section of the tube on 
this principle, from Dr. Corfield’s Laws of Healtk^ p. 41. 
The bottom of the tube is made to communicate with 
the outer air and the top is left open. This tube may 
be made of planed deal or metal. The top is by eome 
manufacturers covered by a piece of coarsely perforated 
sine to prevent articles dj^pping down the tul^. Others 
put in a coarse canvas bag to filter the air as it passes 
through into the room. A regulating valve is also some-' 
times proyidedyj^t this is boat avoided, as wheis 
rig. 806(7. once shut it is not always opened again. A ** de- 

flecting shield” is often added to the top to prevent the wall decorations from being^ 
marked by the dust often in the air passing in. Inlet brackets are also made, which) 
are short tubes placed high up, but their eflScacy may be doubted. They are also 
called “vertical tubes” and ^ air inlets” by some manufacturers. E. H. Shorland, 
of Manchester, claims to have used “ vertical pipes for ventilation ” long before they were 
introduced by Tobin. The opening on the outside of the wall should be protected by 
a grating : a patent automatic air washer, for washing the air by a spray, is adapted by 
some to this system, as also the introduction of gaS lights for warming the air. 



Tablb op Cubic Fbbt of Am Dischabgbd pbb Minute through a Vbntiiator, 
HAVING kil Abba op Oim Squaeb Foot. (Hood.) 


Height of 
Ventilator, 

Dlflerenoe between Temperatme In Room and the Exterfllk 

Ak, in Degrees. , 

in Feet 

A , 

JO 

15 

20 

26 

80 

10 

jHIjll 

164 

200 

235 

260 

284 

15 


202 

/245 

284 

318 

324 

20 


232 

285 

330 

868 

404 

25 


260 

818 

368 

*410 

450 

80 


284 

847 

403 

450 

498 

85 


306 

867 

416 

486 

6»1 

40 


329 

403 

465 

518 

570 

45 

248 

348 

427 

403 

561 

8 O 5 

50 

280 

867 

450 

618^^ 

579 

685 ' 


The 0|>eninM for the inlet of fVesh air must be smaller than thoia iot escape of thw 

heated air, ouarwise ||iere will probably ho a deaecndlug carreol of eM, aira«> thh saM 
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tube the aeeeudin^ current ef hot air. It ie proved that all inlete should adinit 
the air in an upward direction. 

2278^. The Molui uxt^apray ventilator is patented to supply a constant circulation of 
pure air entirely under control. It is adapted for all public edifices, aawell as houses, 
stables, fi&e., and for use in hot climates. Ice can be u^ to cool the fresh hir, and a gns 
furnace can be attached to warm it. The air passing through the apparatus is cleanped 
from dust and all impurities. The consumption of water is stated to be small, and the 
total cost of ventilating and warming a large apartment for nine hours does not exceed sixo 
pence. The company has also an exhaust roof ventilator, a waterproof 'downcast shaft ship 
ventilator, an automatic invisible roof ventilator, a chimney cowl, and a ventilating sti^e. 

2278<». F. H. Smith, patentee of the automatic syphonio aspirator system of ventilstion, 
which produces ventilation without draught by supplying air to the room by ducts at the 
floor level. The exit for the vitiated air is placed in the ceiling, and consists of two tubes, 
a large and a smell one, parallel to each other, between the floor joists. In the ease of 
top rooms the two tubes may be coneentrical. The larger tube carries off the foul sii^ 
while the smaller one forms an induction tube for cold idfi^its outer extremity being open 
to the outer air, the inner one opening under the rim of the foul sir tube. The pt^inoiple 
was applied to the hot island room ” of the fonDtains of 1884 Exhibition, rSc^Upng the 
temperature from 1 10° to about 70°. The Son ventilators, extractor, and chimney cowl 
are stated to be the cheapest and most effective used with the eo/i inlet. The Jems 
system of ventilation (Liverpool) is an exhaust and blower type, dependent on mechani- 
cal action for its motive power. The action of the ventilator produces a partial vacuum 
til each stroke, and with the graduated pipes fresh air is brought into rooms without 
draughts, and may be warmed as it enters. The system has l^en applied at the new 
County Sessions Courts, at the Town Hall and Council Chamber, and at the Conserva- 
tive Club, all at Liverpool. Its application at fife former building -is described, with an 
illnatration, in the British Architect of December 2. 1887. Westmorland’s patent im- 
proved automatic ventilator combines an iron breast trimmer and fireproof hearth bearer 
(1885), to carry the air from a ceiling up into a smoke flue. The ventilating and warmii g 
arrangements of the new portion of Eton College (1888, A. W. Blomfleld, architect) have 
heeu carried out by J. Weeks & Co., by air passing over hot water coils, and the foul air 
carried off by ducts at the ceiling of the passages to a shaft having a series of gas jets to 
secure an updraught. 

2278 «, Where gas lights are much used in apartments or buildings, it is desirable to 
carry off the products or combustion and heated^ air by a tube placed over the light, 
whereby its heat assists the escape of the impUre air. An ordinary gas-burner is calcu- 
lated to vitiate, to the same degree, three times the quantity of air that a man does in 
the same time. This plan was first effected by Professor Faraday, The improved venti- 
lating sun-burner, with its self-acting valve for preventing a down draught, as manu- 
factured by Strode and Co,; Rickets’s ventilating globe- light; and others, all tend to 
produce the desired result. 

Table op Quaktitt op Atr Required per Hour to make up for Vitiated Air by 
Forms of Artificial Illumination. 


niumiuator. 

Conramption of 
niuminating Material 
per Honr, 

Air Required. 

Gas jet ----- 

4' 

\ cubic feet 

f 

760 cubic feet 

Gasjet - - - - - 

6i 

' n 

830 

Talw candle - - - - 

! 

[ of an ounce 

124 

IVax candle - - - - - 


»» 

267 .. 

Oil lamp - - - - 

} 

»» 

276 

Petroleum lamp, slit burner - 

H 

ounce 


„ round burner 


1 

544 „ 


2278to. The Commissioners for Barracks and hospitals, in their Rsport^ 1855, p. fid, 
&c., state that for such establishments the diffhrent systems adopted ip the Parisian 
hospitals apoear to be too expensive and too complicate!^ Those which they ap|>rove 
consist of induction, and of flues for exhaustion, each of two sorts. Induction, — Open- 
ings with an aip-brick in the face of the wall, and a wooden hopper near the ceiling, 
placed at an angle of 45°, covered with sino pierced with holes from ^ to | inch in 
diameter. A plate of sine or gidvanised iron, hung at the bottom and work^ by a string, 
•i^hgnletes at pleasure the admission of air, the size of the cmening being calculated at 
an mehisquare for each 80 cubic feet of space in the rH>m, where Aere is not a special 
provision fat fresh air to pass round the stove ; when there is such provision, the size for 
ojioBiagl^ be one half less. JI. Openings with ^n air•b^i(^k^in the face of thi 
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an4 a tttiak or tul>A leading the air to a eaee behind the store^ thiit ‘warm aif 
,juay rieo in a tube to a loffer-boaixlad opening at the ceiling, the eim of the talm 'being 
helonlated at an inch square for each 100 cubic fbet of space in the room. 

<2'27&r. BxhaMiifm. — h Flues of the warming apparatus extract the bottom lajexs of 
air In the room. The experiments made between 4.30 and 6.80 a.m. in April, 1863| 
showed tliat the volume of air extracted was on the average 0,000 to 10.000 eubio feet 
by each 6ue, the rapidity being at the rate of 6 to 5^ feet ; by which numbers the section 
of the flue would be 0*446 English feet. II. Tubes from the ceiling to the roof, the stse 
of the opening beim* calculate at an i< ch square for each 60 cubic feet for an upper 
story, and for each 66 cubic feet for the stor^ below it, and for each 60 cubic feet for the 
•lower story. The rapidity of the current is regulated by the difference between the 
intern'll and external air, by currents, dec. When the temperatures are equal the current 
is feeble, when the reverse occurs it is strong. The volume extracted (under the above 
conditions) was 8,600 to 9,000 cubic feet, the rapidity being tit the rate of 8 to 3| fefit. 
4Bo that the greatest effect by the combined s} stems onlj lakes 8,000 to 10,000 cubic 
feet by each flue on the average, and this irregular result is sometimes annulled; more- 
over, tl\3 currents may reverse the action of the flues, and enter by th© exhausting tubetf. 

2278y. Other aj/stems.— In the new buildings at Guy's Hospital, as also at the Lunatic 
Asylum at Derby, Sylvester’s method was carried out. Here the air arrives by a large 
inducting flue, capped by a cowl which utilises the action of currents of wind ; the air 
■passes undergrouiid in contact with hot- water pipes, rises in flues, and enters the room 
at the coiling; it escapes by exhaustion holes in the skirting of the opposite walls, and 
rises to the roof by flues continued by plate iron tubes to an exhausting flue, which sur- 
rounds the smoke flue of the warming apparatus. The inventor calculated for abont 
4,000 cubic feet per bed per hour, and stated that in the winter about 4,300 had been 
obtained generally, but that once about 2,200 only were gained. 

■ 2278r. The methods of ventilation adopted in France are required to produce effects 
absolutely free from perceptible currents of air. The report pranced by MM. Blondel 
and Ser, l>efore noticed, mention Duvoir-Leblanc’s system, in one portion of the hospital 
Lartboisi^re, as drawing away about 2,500 cubic feet per bed per hour, half of whi<^ is 
supplied by the doors and windows; and the method of MM. Thomas and Laaren«, 
vbich givea 3,200 cube feet per bed per hour, and is not found always sufficient to 
remove every trace of odour. They consider that Dr. Van Hecke’s. system, used at th© 
Baujon and Necker hospitals, leaves much to be desired. They require 3,600 cubic feet 
per bed per hour ; and perceive that in order to obtain anything like such a result, 
recourse has necessarily been had to large exhausting flues, or to mechanical means, such 
as the fan. 

Tabls of Aib Kequibed per Hour for Each Phbsok. 


Prepared by Herr von Fragstein of Berlin (Builder, xliv. 1883, 66). 


cubic feet. 

Drawingrooms - - 700 to 1,000 

School rooms and libraries 450 to 600 
Sii*k rooms, ordinnry - 2,100 to 2,600 
Sick rooms, wounded and confined 3,500 


eubio feet. 

Sick rooms, epidemic dis- 
eases .... 6,800 

Theatres - - . 1,400 to 1,7^0 

Assembly rooms - - 1,060 to 2,100 


Each person is considered, in England, to require from 3 to 6 cubic feet of air pn* 
minute, equal ta 180 to 300 cubic feet per hour. At Finsbury Teehnicul College 
about 11 cubic feet of air per minute is provided in the class rooms, and 60 cubic feet 
per minute in the chemical laboratories and draught closets. 


Sect. XIV. 


WARMING OF BUILDINGS. 

2279. Heat, as required in architectural structures, results from raising the tempera- 
ture of the air by means of various contrivances so arranged as to take advantage of the 
laws which govern tne traosmission ot heat. A body capable of affording heat gives 
out caloric by two methods; these are radiation and conduction. Radiation is diffused 
throngh the air at an immense velocity without materially raising its temperature, tiut 
immediately warming solid bodiei exposed to its influence. Which tn turn give out the 
acquired heat slowly; the redder the fire, the warmer is the radiant heat. When the air 
in a large apartment is to be raised in tempmture, the metkod of heating by contact Is 
employed ; this is sUscted by volumes of air eoming In contact with a heated surlhee, 
and, liecoming rai si n tem^rature, are put in motiog, and communicate the heat 
receive to sunromillUftbodiea. 

' 22790. In Y»i||yfl^tain full advantage of heating anrfaces^ tb^ ht nso* 
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porti<>ttdd to tUo'ettbic'foft of Air. required to be warmed. A siiiftll eoriiace, if raised to a 
very great temperatiure, vill heat a large quantity of air if means are tkken to pass it 
jrapldly firom contact with the heated surface. It is better, in all respec^ to liavea large 
surface maintained at a mild temperature with a gradual change of air. In genera], if 
the temperature of the heated body is above that of boiling water, i.e. 512®, the air in 
.contact IS rendered unhealthy. Ventilation very greatly assists the endeavoors to wann 
successfulW a room or building. 

2272^. The method of warming classed under radiation and conduction may be farther 
.arranged under the following heads 1. Open fires^ including grates and store grates of 
every sort, having ordinary dues or chimneys ; this is warming by radiation. Warming 
by conduction is efiected by, II. Clow fireB, as fumaces, cokles, &c., and the Cabin, 
Arnott, Vesta, Gill, Chunk, Dumpy, Nott or American, laundry or ironing, caloric, 
ventilating, Ace. stores; and by Gas, as the atmopyre, asbestos, calmrifere, cylinder, and 
gas heating apparatus ; haring metal or brick flues continued some distance fTorn them 
f.r the purpose of heating. III. Hot water on the low temperature system, with pipes 
al)OUt 3 or 4 inches in diameter. IV. Hot water on the high temperature system, with 
pipps about 1 inch in diameter. And V. Steam, both on the high and low pressure systems. 

2279c. The principle of erecting one chimney to serve for all the fire places of a house 
is liable to reiy unsatisfactory results, unless such a system be carried out as that 
exhibited at Osmiston Manor, near Derby, by its architect, H. J. Stevens, and described 
at the In*>titute of British Architects in 1851. All the rooms in Fair Oak House, Isle of 
Wight, are warmed by means of one shaft in the middle of the house, heated by a large 
open fire in the basement. Around this shaft is a thin enclosing case of brickwork, in 
cement, leaving a space between to receive the cool air, which is then warmed by the 
heated shaft, and is admitted into the several apartments through perforated cornices, 
the supply being regulated by a valve. Obstacles presented themselves which rendered 
it necessary to adopt the cornice and not the floor as the place for the admission of the 
warm air. The arrangements are stated to have met with a decided success ; the plan 
and details are given in Builder, 1860, p. 329. In a series of small dwellings where the 
one shaft system was tried, its complete failure necessitated the new formation of all the 
fireplaces and flues. 

2279d. I. It scarcely enters within the province of this work to describe the best form 
for an open grate. The point has been tak* n up of late years by manufacturers, and very 
many excellent forms adopted.. The result is that iron at the back and sides has been 
greatly discarded, and fire-lumps substituted, whereby greater heat is thrown out with the 
same quantity of fuel, Tne fire-tump grates for cottages, bedrooms, schools. &c., have had a 
laige Bale. But It has also been found that too large a surface of the firedamp tends to con- 
sume the cqal too quickly, consequently it is now chiefly confined to the back of the grate. 
A length of bar equal to about 1 inch for each foot of length of room, and the height of the 
front half an inch for each foot of breadth of the room, are dimens'ons found to produce 
pood proportions for average purposes. The depth of the part in which the fuel is placed has 
been greatly decreased, a^nt 9 inches being ordinarily suflBcient at the bottom, and en- 
larging upwards at the back, so as to present a good heating surface in the front, and at 
the top, of the fuel. The height that the lowest bar should be from the hearth is a 
matter of greater uncertainty ; we advocate that it should be as near to 12 inches as 
possible, in preference to the 6 inches which the grates are now usually made. We have 
had grates raised from the latter to the former height with greatly increased results. 
Advantage has been taken of the fire-clay stoves, since the period of their invention by 
Count Humford, to combine the back and sides with air flues of the same material, which, 
becoming heated, impart their heat to the cold air supplied from the outside, admitting 
warm fresh air to the apartment. . These stoves were first adopted by Gundy. Numer ous 
forms of slow^combuetion gmtes have been introduced of late years. The Carron, 
Musgravds, and Barnard, Bishop Co.’8 Norwich stove, are among many others <■£ that 
description. The registered Economiser grate and fire-brick book, manufactured by Nelson 
and ^nt, of Leeds, on the principles advocated by T. P. Teale, in Economy of Coal in 
House FireSf has a door to the ash-pit to dose the draught ; the sides and ba& of the fire 
are of fire-brick, while above the fire the back slopes formird and over it to near the mantel, 
when it again slopes back to the back of the chimney; all this being in firebrick and 
channelled where above the fire. It is considered to give perfect combustion of fod, with 
c •mplete radiation and projection of the heat produced, the form of back ensuring the 
greatest possible oonsumption of smoke. It can be readily fixed by any bricklayer. 
The Marlborough grate (Garland’s patent), with adjustable canopy acting in place of a 
rogister door, fire-brick sides and Wkon the same principle with Economiser; when 
the fire in not need, the canopy can be let down to shut up the flue opening, like a register. 
Kadiatfon of heat has been materially assisted by Sylvester’s arran^mant of the ends of 
the fire bars pnqjecting into the room forming a hot hearth ; and also by Joyce. Dr, 
siioks-Ooiisnminf grate, and the application of a solid l>ottom to a grate, 
producing ^e 9uil;!d;e?*4 fire,** are p'^iuts cf coosideration fbr the househoUler rather 
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■ or tho architect. The Gaston Tentilating air store is largely used in hosj^ltals and 
ariee. The Math kester grate, manafactnred by E. H. Shorland, of HHDchester, for 
^ schools, hospitals, Hsylums, &c.» is* used by the Bank of England at its branch 
estpflishments. It is called a patent first class smoke consuming and wamv air generating 
|MMte. Heat is not only given off by radiation, but warm air can be supplied to rooms 
^hove or a ^joining the one in which tlie grate is fixed ; in 1882 it was stated to possess 
ieUrly 8<) per cent, more heat -giving properties, and to be nearly 100 per cent, better as a 
smoke consuming gr^ite, than others tested at the time. The Wkarncliffe patent warm 
a r ventilating grate. Grundy's patent warm air ventilating fire grate, in which the 
heating surface is stated to 1^ greater than any other. Eeeve, Eatcliffe & Oo.’s Cosy 
grate is the only open fireplace in which the products of combustion are filtered 
tnroogh a red>hot wasteless purifier, and theiefore is a smoke consuming economical grate. 

2279e. n. The varieties of close stoves are very numerous, but the principle upon which 
they depend for their efficiency is in all cases nearly the same. This may be stated to be 
the heating of metal plates by the combustion of fuel in actual contact with them. The 
quantity of heating surface in the room wherein the stove is placed can be materially in- 
creased, and nearly the full effects of the heated products from the fuel obtained, by 
lengthening the smoke fioe ; but the longer the fine the less is the draught of the fire, 
which is further lessened by its becoming choked with soot ; thus a 8-inch pipe attached 
to a small stove, burning coal and in constant use, has been found so completely filled up 
with soot in the coarse of a week that a stick half an inch in diameter could scarcely be 
passed through the hole left in the centre. The now common American cooking-stoves 
are on this principle. The principle of the Arnott stove is that of consuming the peculiar 
fuel recommended for its use vtry slowly, and the detention of the heat in the stove. The 
addition of a descending flue to some of these stoves is an advantage when it is desired 
to place the stove in the middle of a shop or warehouse. Franklin’s calorifere, or the 
VHse stove, having a descending flue, was fonnerly much used. When this system has 
been adapted to flues carried under a stone floor (after the Chinese fashion), it has been 
found to warm most efficiently an office and principal staircase with a mere handful of 
fire, at a cost of about 30s., while by another apparatus the cost was 18/. (Beaumont, 
Hints for preventing Damage by Fire, 1835.) This is an elaboration of the common method 
of warming greenhouses by the brick or smoke flue, through which the smoke and flame 
travels from the furnace. A fire-clay casing for the fuel is also combined with some of 
them. Haden’s apparatus has been mentioneJ (par. 2278'.) for warming largo buildings ‘ 
and equally efficient is that by Grundy, which is algo much used for churches and large 
buildings. The Tortoise stove is a late production for a small room. 

Gas stoves are of various sorts. There are many of iron make, which render the air 
unwholesome. Wessels patent heat dissemin itor (about 1860), made of copper, has proved 
of value even in rooms kept closed. Ritchie & Co.'s Lux-cahr new patent apparatus for 
heating and ventilating large buildings by gas, requires no flue, and has no smoke nor 
smell ; the principal parts are made of copper. It was much used in the Bank of England. 
S. Clark & Co.’s patent Syphon stove is a condensing gas heating, similar in principle, 
2279/. The high temperature stoves, such as the cokles, the Srrutt or Helper stove, the 
Sylvester’s, and others, all used for warming extensive spaces, consist of large metal plates 
or surfaces of brick or stone, heated in or by a furntwe or fire, the air to be warmed being 
caused to impinge upon or pass between them, and then carried^mlong in tubes to the 
several rooms or floors where the heat is required. The hot air pipe furnace is us^ for 
the same purposes, whereby the flame and smoke passes along the inside of the tubes. In 
Davison and Symington’s furnace for obtaining heated curreuts of air for manufacturing 
purposes, the cold or fresh air is driven by a fan at a ^eat velocity through the pipes, 
which are placed in contact with the flames. Any cessation of the blower may be expected 
to cause material injury to the pipes. 

2279^^. A writer explaining the common American system of warming houses by hotair, 
says that the whole comfort of the result depends upon how the atmospheric air is heated. 
The various plans are effected by a furnace, from the dome of which pipes are coiled and 
twisted about so as to gain the utmost possible radiating surface, and the air is brougi t 
in contact with them as it passes through the chamber. To get cheaply a great amount 
of heat, t^’e castings are made ve^ thin, the air chambers and hot air pipes small ; 
whereby the result is, that a hot desiccated poisonous air is discharged into the room, in- 
jurious to the lungs, and causing headaches. Where the air chamber, however, is Ur^, 
the furnace very wide and shallow, and its dome high, with the radiating surface largely 
extended, and external cold air shaft spacious, this mode of heating is excellent Eo 
apparatus of its kind ever surpassed the old Boston furnace, first invented by Chilsoo, 
and since so greatly improved by his successor in New York. In the ‘‘JBoynton fhmace,” 
BB it is called, the shaft bringing in the cold air is very large, frequently 4 feet wide 
2 feet or more deep, and the air chamber and tin ^ipes therefrom are aliCof considerable 
SUB6. In the air-chamber a small jet of water is kept playing to restore the i^ral 
noisture to the air. Anthracite coal is used, a ton of which, for an oidlnafy honser* 
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would be a eoificieiit rapplj for nearly three weeka« Ko other firee, excrat that of the 
kitchen ran^, is ueaally seen in houses possessii^ this apparatus. (Builder^ xxiii. 6S2.) 

The heating of houses by warm air, and the suostitution of gas for general faeati^ and 
cooking purposes, advocated by a method adopted by Mr. A. £. Fletcher, was considered 
in the JowmoJU of Jan. 1888 A brick chaml^r in the basement contains a stove in which 
coke is burnt ; air is brought in from the outside, and then conveyed by means of pipes 
to the entrance-hall and ground-floor rooms, thus warming the whole bonse, with the result 
of a considerable economy of fuel. Then asbestos gas flres were used in the rooms, 
gas cooking ranges in the kitchen, with great avHntsges of le^s dust, cleaning grates, 
lighting fires, &c. This is hot all new (see par, 2279^). Many persons have for years 
found the advantage of the hall and staircase being warmed, if not (*arried to too great 
a heat, bat only as an auxiliary to open fires, and the upper floor kept ventilated. 
Gas flres are not to be depended upon as successful. Gas cooking stoves are useiul 
in many cases, but much depends on the domestic even then. 

227^A. 111. The circulation of hot water in pipes is caused by the unequal density of 
the fluid, arising from the difference of temperature in the ascending and desceneJing 
columns of water connected with the heating reservoir ; and its velocity is governed by 
the height of the columns ; Bramah, in appendix to Tredgold, Heattvg. A boiler (the 

conical ” boiler is considered the best form by some manufacturers, while others prefer 
the ** saddle-back ”) heats the water, which, as it becomes warmed, rises and passes out 
through the flow pipes ; these are laid at a very slight inclination, to assist the current. 
When the water has arrived at its furthest extent, it enters what aro termed the return 
pipes, on its way back to the boiler, which it enters at the lowest pot, to be re-heated, 
to rise, flow, and return as long as a Are is kepi up. A rough calculation has been made 
that for every 60 feet of 4-inch pipe 1 square foot of boiler surface is required. The 
self supplying cistern and its expansion box must be placed somewhat above the highest 
level at which the hot water is desired to rise, yet not so high that the pressure lu the 
pipes will affect their joints. It should be covered, and have a pipe to allow the vapour 
OP steam produced by over-heating to escape into the external atmosphere. With this, the 
low temperature system, the heat of 212°, or that of boiling water, cannot be exceeded. 
Jeffrey’s patent Radiator^ for hot water or steam, in single or double •loops or coils, is 
ornamental. 

2279f. IV. The high temprature srstem was introduced by Perkins, and is frequently 
called by his name. Water is placed in a coil end range of piping of small diameter, her- 
metically closed, so as to prevent all communication with the external atmosphere. A 
coil, being at least one-sixth of the whole piping, is heated by the action of ti e fire in 
immediate contact with it, by which means the temperature of the water in it can be 
raised easily to 300° or 400°; but then the same objection applies to the air warmed by 
pipes so heated as to that from high temperature stoves. As water expands with heat, 
allowance has to be made by the addition, at the highest point, of a larger tube to receive 
the surplus, which varies from 10 to 12 feet per cent. ; one-tenth of the spuce of piping 
may thus be allowed for expansion. After the pipes are fixed, they are very carelully 
filled with water, so as to expel all air, through a filling tube situated at the bottom of 
the expansion tube, and when sufficiently full they are hermetically closed. The danger 
to be chiefly apprehended from this apparatus is that, if leakage takes place, the loss of 
water causes red-hot vapour to be formed, with the possibility of setting fire to any wood 
to which it may be attached. There is now no doubt but that wood, subjected to a 
eoDBtant current of greatly heated air, becomes very liable to combustion. 

2279Ar. When heating surfaces of great extent are required to be obtained by the appli- 
cation of hot water or of steam, Walker’s system will probably be found to be the most 
effectual yet introduced. It must be sufficient here to describe it as consisting of a 
number of small iron blocks, each block having square perforations passing through it for 
the current of air from the top to the bottom, of very thin metal. The blocks are en- 
closed in a correspondii g perforated iron box, leaving 1 inch for water or steam allround 
each block, which he^ts the metal forming the blocks By this veiy compact arrangement 
160 feet of heating surface may be obtained in a box measuring not more than 2 feet cube. 

2279/. The rules for finding the area of hot yrater pipes for any sieed apartment are in 
all respects essentially the same as will be ^iven for steam, excepting the mean tempera- 
ture of the pipes: for steam-pipes 200° is given ; but kl0° to 160° may be taken as that 
of low temperature hot- water pipes. From data obtained by Hood» Rmetical TVsa/tss, 
Srd edit., 1860, it appears that water in a pipe of 4 inches diameter loses *861 of a degree 
of heat per minute, when the excess of its temperature over that of the surrounding aie 
is 126°; and also that, under the same condition, one foot of tnich a pipe will heat 222 
cubic of air one degree in the same time ; whence he deduces the following nile : — 
Hulti^y 126 by the di&renoe between the maximum proposed temperainre of the room 
and that of the extsrual air, and divide this product by the diflbrence between the teni- 
perature of the pipes and feh^ proposed for the room ; then the quotient is to be multi- 
plied by the number of cuUc leet of air to be warmed per minute ; and the product 
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hy 222, will give the number of feet, in length d of 4 inohei di^metei;, 
ref^uired to produce the same efTtot ; thie len^^ is to be multiplied by 1*23 er fay 2» for* 
equivalent lengths of pipes reepectively 8 and 2 inches in diameter. 

' y ) 

2279SI. In making arrangements for heating by tteoMt tre need not describe the ron 
struetion of the furnace and boiler, or of the ^imney. matters which are perbajm betton 
arrai^ed by the engineer fitting up the apparatus, m steam for warming purposes is nuwty 
sd^^ except where waste steam can be brouitbt into .use, as in factories and workshops^ 
using steam power. The thicker the metal of the pipes the better for greenhousee >and. 
suchTlike places ; for buildings, the thinner the better, consistent with htrength ; say ab6ut 
|ths of an inch in thickness. Provision must be msde.fbr the expansion of pipes, botli 
for steam and water, of about one-eighth of an inch for every 10 feet of length The 
pipes should be plaoeBt liear the floor, and as close as possible to thh apertures for the 
admission of fresh air. !Flm pipes should be laid with an inclination to the boiler, so that 
condensed water from the steam shall be returned to it; and they should be carried at 
once to the highest part of the building and dessend to the lowest. 

2270a. To form some idea of the iM^uisite area of piping for any desired buildings, the 
qnantitj of cubic feet of air required per minute must first be ascertained. In order to 
ascertain this, attention must be given to the loss of heat by ventilation, and the direct 
influence of cold external walls, glass windows, &c. From the first cause there will 
be a loss of heat proportioned to the quantity of the air withdrawn per minute: if 
4 cubic feet are supplied to each individual per minute, then there will be for 
each individual 4 cubic feet of air conve} ing off a quantity of heat equal to the differ- 
ence between the heat of the external air and that of the room.” Thus, if the heat of the 
room be 70® and that of the external air 60®, then the withdrawal of 4 cubic feet of air per 
minute must lead off a quantity of heat equal to the difiereuces between 70® and 60®, or 
20®. Fi'om the second cause there will also be a loss, as heat is transmitted very quickly 
through ^lass ; the quantity of air cooled in a given time being simply proportional to the 
surface of the glass exposed to the external air, and, consequently, will be-constant, what- 
ever variation of temperature may take place. The rule given by Tredgold, J 67, is aa 
follows: — “If the area of the surface of glass be multiplied by 1*6, the product will bo 
the number of cubic feet of air per minute which will be cooled from the temperature of 
the room to that of the external air;” and to this loss will also be added that arising from 
each door and window (independently of occasionally opening and shutting tho former) ; 
this was calculated by the same author, § 65, to be equivalent to 1 1 cubic feet per minute, 
the difference of temperature between the iutornal and external atmosphere being 6U®. 

2279o. From a combination of these circumfctances, assisted by various experiments, 
Tredgold, § 68, deduced the following rule : — If the number of people the room is in- 
tend^ to contain be multiplied by 4 (or the quantity of air allow^ per minute), and 
added to 11 times the number of external windows and doors (as 11 cubic feet of air is 
parsed through each per minute on an average), added to times the area in feet of the 
glass exposed to the external air, the sum obtained will be the quantity, in cubic feet, to 
be warmed per minute. The next operation is to find the area or surface of piping 
Which will warm this quantity of air. The mean temperature of a steam pipe at the ordi- 
nary pressure is 200®. The temperature of the air supplying reatllation is to be known 
at theexU^me ease of cold, which for the day may be taken at 30®, but for the night way 
be assumed in this oountiy at zero of Fahrenheit’s thermometer; the temperature 3o be 
xnaintamed at the same season of co d is also to be settled. Then, Tredgold, § 44 , gives the 
following rule: — Multiply the cubic feet per minute of air to be heated, to supply the 
ventilation and loss of heat, by the difference between the temperature the room » to be 
kept at and that of the external air, in degrees of the thermometer, and divide the product 
by 2*1 times the difference between 200 and the temperature of the room. This quotient 
will give the quantity of surface of cast iron steam pipe that will be sufficient to main- 
tain the room at the required temperature. According to Dr. Amott, 1 foot of super- 
ficies of beating surface is required for every 6 feet of glass ; the same for every 120 fbet 
of wall, roof, a^ ceiling ; and an equivalent quantity for every 6 cubic feet of air with- 
drawn from the apartment by ventilation per minute. (Tomlioeon, p. 124 .) 

2279^. “The Metropolitan Building Act, 1866,” requires that: — The floor under 
every oven or stove ubm for the purpose of trade or manufacture, and the floor around 
the same for the space of 18 inches, shall be formed ot materials of an kicombustible and 
non-conducting nature ; II. No pipe for conveying smoke, heated air, steam, or hot water, 
shall be fixed against any building on the face next to any street, alley, mews, or public 
wa^ ; (HL A pipe for conveying hot water, or steam, at low pressures is now not re- 
quired to be kept clear of ccmibustible materials) ; IV, No pipe for eanveTing hot water 
shall be placed nearer than three inches to my combustible material ; and v. No pipe foT 
conveying smoke or other products of combustion sh^l be fixed nearer t^ao auts mohea 
to any combnetiUe material ; w‘th a penalty not exceeding 2QL fof non^comptiance. 
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BPECIFICATIONS. 

^ 80 . fhe importance of an accurate apecificatioa or d( aoription of the matmrialii and 
work to be need and performed in the execution ot a building, ia almoat aa great aa the 
preparation of the des'gna for it. The frequent coat of works abore the estimated auin, 
and its freedom from extra charges on winding up the accoonts, will mainly depend on the 
clearness, fulness, and accuracy of the specifications ; though it is but justice to the archi- 
tect "to state that extras arise almhst os ofteiLfrom the caprice or change of. mind of his 
emplojhr daring the progress of the work, as from the neglect of the architect in making 
the specification. A specification should be made in all cases of ilew designs, additions, 
or alterations in reference to designs, which, the more they are gii^hn in working drawings 
by the architect, the better will it be for his employer, no less than for the artificer. , 

2280a. When the drawings have been brought to suit the client’s tastes and require^ 
ments, the architect commences to prepare the working plans and details. Before thiisa 
jire (^mpleted, he should take up the specification. The primary and main object of a 
specification, is to give, fully and clearly, all necessary and nseful written explanations and 
instructions for the exeeution of the work, and for making due preparations for the 
efieetiug of a definite and clear bargain between the person or company accepUng an ofler 
and the contractor offering to execute the work. 

^ 2280A To write out a document fulfilling all these requirements, going into every 
particular, and describifig fully and accurately each different part of the work, must 
paturally cause a lengthened document. But a line must be drawn between running to 
nn almost absurd length and being too brief. The former may occasionally cause the 
speciflcatiou to be neglected, as the builder or his foreman has seldom the time to refer 
gften to it The rotation of the various paragraphs is a very important matter. It was 
formerly, and ia now, much the custom to divide the specification into trades, which system 
arose when separate contracts were taken for different branches of the work ; but at the 
brdsent day, when it is so general to have one contractor to c^vrry out the e itire work, it 
has occasionally been attempted to write a specification in a form more quickly and easily 
consulted than by referring to paragraphs in several trades respecting some one single 
portion of the work. 

2280c. Some architects have written the main portion of the details on the drawings 
theiuselves, detaching them from the general and specific work, particulars, and conditions ; 
but the drawings are not always at hand to refer to, if there be no “ office ” on the 
building, 

2280<^. In many large towns it has become the custom to relegate this important part 
of an architect’s busine^B, especially of a young one, to a “ quantity surveyor.” By doing 
this, he loses that grasp of construction and of details which the preparation of a spwi- 
tication, as of quantities, so greatly help& The man who originally draws the working 
plans can with much greater facility write out the specification for the execution of the 
same than the man who, so to say, has first to learn his lesson. It should bear the im- 
press of the artistic feelings of the designer, which the quantity surveyor can never give it. 
ifiadf item is usually taken separately, and should be clearly describe ; simple language 
should be used, without abbreviations ; all such words as proper, properly, sufficient, 
with others, should be agiided ; involved sentences, had punctuation, and faulty grammar 
should not appear, and uEffi sentence should bear but one meaning; but, regarding the 
haste with which specifications have to be drawn up, these are sometimes unavoidable. 
Sketches made in the margin, of difficult bite of construction, as well as of ornamental 
details, may be copiously used, especially if the detail drawings are not fully prepared. 

2280tf. Specifications are now usually lithographed, which saves much trouble and risk 
in examining each copy that may be required, 

228Q/. It is advisable that the agreement with the artificer or contractor should 1»6 
diawn up by the client’s solicitor, who, no doubt, will seek the assistance of the architect. 

2280^. It is impossible to frame a set of directions which shall be applicable in all 
cases of buildingH, Something like a list or skeleton of the component parts of buildings 
are given in the following pages, from which the architect may select such as are suitable 
to the particular case whereon he may be engaged. This is not carried into the repairs 
«nd alterations of houses, because, with difference of application, the same system can be 
wrfed forward in such eases without difficulty. Chapter III., Usn of MamfiiALs, on 


22S0A The following pages have been rewritten* condensed, and added to as necessary. 
^ urge amount eff informatioB as to the manner in which materials used and put 
k eontaioed therein. There are several books on the subject, one of which, 
Buwta^’H 8vo. 1870, should be on the student's shelf. 
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22$0t. Among the Acts of Birliament, &c«, to which the attention of th# tteehite^t and 
of the builder baa to be directed, are the following. Towns and several other places, 
and the London p irishes, &c., have their own local Acts and bye-laws. 

Metropolitan Building Act, lSd5, 18 & 19 Viet., c. 122. Amendment, 1860„28 & 21 
Viet., c. 62. Amendmei^ 1869, 32 &; 38 Viet, e. 82. 

Metropolis Management Aot, 1856, c. 120. Amendment, 1862. 

Metropolis Management and Building Acts Amendment Act, 1878, 41 & 42 Vict.,e* 32. 
Amendment Act, 1882, 45 Viet , c. 14. 

Metropolitan Board of Works, Bye-Laws, after 1878. 

Public Health Act. 1876, c. 65. 

Knight’s Annotated Model Bye-Laws of the Locfil* Government Board, 8vo., 1883, 
is usefhL 

OBNBRALLT. 

2280 A The contractor to supply all requisites ; to provide all materials, new and of 
the best quality ; to execute ana complete in the best and most workmanlike manner all 
the works set forth in the specification and drawings, to the satisfaction of the architect ; 
to give notices to, add pay fees and charges of all local authorities and officers, as district 
surveyor, paving board, for hoarding, water, gas, and such like (the rights as to advertis- 
ing on hoarding to be reserved, or not to be allowed as on some estates, and as to the 
gravel and sand that may be found on the site ) ; to provide a watchman ; to insure from 
in the natnes of the builder and the client; to provide and maintain on the site an 
office for tlm Clerk of the works, furnished, and for the custody of the drawings and papers ; 
to afford acoOSs for the architect, his representative, clerk of the works, and the client, to 
the premises; to remove all dirt and rubbish ; to sweep out and scour all floors, and clean 
all glass, and to deliver up the building and premises in a satistactory state at the con- 
clusion of the works, or at a specified time (it is not very clear when a house is ** com- 
pleted ”) ; as to the use and posswsion of the documents, and of making copies ; to keep on 
the building a foreman of the wdlis ; to carry on the works, and to complete the same ; as to 
unfit workmanship and materials, and works not in accordance with the directions ; as to 
day bills ; all disputes to be settled by the architect, or arbitrator agreed to before signing 
the contract; sum to be allowed for contingent works ; as to sxireties, time of payments, 
&e. Besides the above, it would be well to refer toj^e Heads of Oonditions of Builders* 
Contracts,” sanctioned by the Royal Institute of Brrobh Architects, 1882. 

EXCAVATOR. 

2281. To take down any old buildings and impediments that may be on the site of the 
new works. If any old materials are to be used again, he is to clean, sort, and 
stack them for re-using in such parts of the premises as may be directed. The 
rubbish, as well from these as from any superfluous earth that may come out of the 
basement and foundations, if not wanted for any purposes, he is to cart away, either 
wholly, or to such part of the premises as be may be directed, as well as all 
rubbish that may accumulate in executing the works. To reserve any clay dug 
out, and to thoroughly burn it with small coal into ballast, as directed. 

To strip the surface soil to a certain depth. To dig out for basement story (where 
one is to be), for the foundations, areas, drains, floors, and all other works requisite. 
To beat down to a solid consistence the ground forming the beds of the trenches 
for receiving the foundations and walls, and after they are in, he is to fill in and 
ram down the ground ; to letel, and to do such other rdAgh groundwork as may 
be necessary for forming the sectional ground lines shown upon the drawings. 
To pr^re for concrete in foundations. To cover over the ground under paved 
or tilea floors (except where the tiles are laid on joists) with broken bricks well 
rammed and grouted with liquid mortar. This layer is to be made of sufficient 
> tAlickness to receive 6 inches of concrete, which is to be properly rammed and 
^iV^red with a layer of 2 inches of flne concrete, finished with a level surface. In 
‘bfleements no earth is to be left nearer than 9 inches to any floor or other timbers, 
Mch cavities being by the specification to be filled in with dry lime core. If water 
caniiDt be supplied by any public company, a well may have to be provided, as in 
next section. To leave the ground free all useless soil or materials. 

"Roadway a/nd Paths. Remove the top soil from the intehded lines of the roads ; 
spread over the site a stratum of coarse stone ballast, or of brick rubbish, 12 inches 
deep ; cover the same with coarse gratrel, spread, beaten, and polled down until 
hard and solid, forming the width wiui a curve to each side, ahd rising . . . inches 
in the middle. The Paths to have a stratum of coarse stqne ballast (or burnt 
brick ballast where such is to be obtained), or of brick rubbish, 4 inones deep ; 
cover the same with 8 inches of flne red graviel, well beaten ll6wn and rolled 
until solid, and to be formed to a curve rimng . . . inches in tbe centre. 
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To hole out otpu^p out and remore all soil and water which may hs neeessaiy for 
laying the foundations, whether arising from springs, drains, cesspools^ rain, or 
othelwise, and to bo answerable for all accidental dmage that may occur whilst 
the foundations and walls are carrying vp ; as also, when buildings aijeln, ” 
damage that may occur to neighbouring buildings. 

nniCKULYKR. 

2282, The hrichmrk is to be executed with the very best hard well-burnt grey 
^or kiln-burnt red stock bricks, or such others as may be directed), to be laid 
joints, and so that every courses shall not exceed inches in height 

When better bricks are used for/ociny external walls, they are to be specifi^ (as best 
marie stocks, second marie stocks, Suffolk white bricJu, as the case may be), in 
which case it must be specified that no headers of the facing are to be cut ofi^ 
except where absolutely neeesqary to form good bond. Fronts so faced are to be 
either carried up with a neat fiat parallel ruled joint, or to be afterwards tuck-joint 
pointed if a finished face is wanted, though the latter is not altogether a sound 
practice. In old work the joints have to be raked out, the brickwork washed, 
stained, and tuck-joint pointed. No place or samile bricks to be allowed in any 
part of the work. 

The mortar is to be compounded of well-burnt stone lime and sharp clean grit or 
drift sand (if the work be of importance), to be ground in a pug-mill, ur otherwise 
to be well tempered and beaten with woodeii beaters, and to be in the proportion 
of one heaped bushel of lime to two of sand. (The use of sea sand is sometimes to 
bo avoided; and road scrapings, unless very well washed and screened.) 

When the earth foundations are bad, concrete should be provided ; it is to be formed 
in the proportion of six parts of Thames or other unscreened clean ballast, and one 
part of fresh-burnt Dorking (or other) atone lime, beaten to powder on the premises, 
and unslaked. They are to be thoroughly mixed in small quantities at a time, the 
lime at mixing being slaked with as small a quantity of water as possible. The 
concrete, after mixing, is sometimes stated to be dropped from a stage, but this is 
a bad practice. The thickness may vary from 4 feet to 18 inches in height, accord- 
ing to the quality of the earth or soil, and the width about six inches on each side 
wider than the wall. 

Damp course. The brick or stone walls and partitions to be covered with a continuous 
layer of asphalte at least | inch thick, poured on while hot, at above the level of 
the outside ground as finished. A continuous layer of 6 lb. milled lead has been 
used,. Taylor’s patent vitrified stoneware, of 1, 1^, or 3 inches thick. A course 
of Bangor slates in cement 3 inches lower than the general level of the ground 
floor (and whore else as needed). See j7ar. 18866, et aeq. for methods of obviating 
the rise of damp. 

English bond is preferred by many to Flemish bond ; for good work, the brickwork 
should be specified to be flushed up at every course with mortar. No bats to be 
allowed except for closures ; and for sonnd work every fourth course to be grouted 
with liquid mortar, and in the foundations every course, or at least eveiy second 
course. The walls, chimn'^ys, their shafts, piers, and other works, to be carried up of 
tlie height and thicknesses and in the manner shown and figured on the several 
Ians and drawings, together with all brickwork requisite for the completion of the 
ouse. When the work is within a district under bye-laws^ of a local board, and 
not required to be of special solidity, it will4>e well to describe that the thicknesses 
of the walls, their heists above the roofs, and other matters, shall be conformable 
to the regulations. 

Work to appear without a stone or plaster facing requires rubbed and gauged arches 
for all the external openings in the principal fronts, of 9 inches in dept|l (0^ More 
according to their span), accurately cut, and set closely in front, in back^at^ on 
their sofites. To the other openings the arches will be plain arches, closely set; 

, those which appear externally to bo tuck-pointed on their outside fiace% Over all 
lintels, in external walls, should be provided uncut accurately formed arches. 
When/flscios are formed of brick, their projections must be named ; also all oomioes 
formed by arrangements of bricks ; but a drawing should, for the latter, appear 
. os the drawing or specification. 

Any tno^ldsdJbrieha are to be carefully made in accqrdanM with the detail drawings, 
and to be trimmed up before they are placed in the kiln. They are to be made a 
little than the other bricks, so that the beds and joints maybe rubbed true 

before they ast laid ; they are to be set in fine mortar, and (before the scaffolding 
if etruekl, they are to be rasped, rubbed with gritstone, and the arrises to be made 
^ |if ^straight true as Stonework. 
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Work into tko exterior and interior faces of the walls (if required), erotses, diaMN, 
xigzags, or other patterns ; and form bands, string-eourses, dec., with white, bla^, 
red, or other bricks, as shown on the elevations, £e. The red and black brh^ are 
to laid in blue-black or other mortar, or the joints to be raked out and pointed 
with the same. 

Shafts of chimneys carried up above the roof, out of the common way, must be referred 
to drawings; otherwise what relates to them and their flues is described as 
follows with cow-dung mortar (or point the inside of all flues with 

a flat mortar joint), and core the chimney flues, and flnish the shafts with salient 
courses 6 inches (or more) in height, with double vlaintile creeeing thereto ; for 
each flne provide and flx a laige-sixed chimney-pot (of cement, plain or moulded ; 
or of earthenware, or ornament, as may be necessary) ; the upper courses of the 
shafts above the creesing to be laid in cement. 

Parapets not coped with stone or cement are flnished with double plaintile creasing, 
and a brick on edge on top, or as shown on drawing, all laid usually in cement. 

Where weather is to be provided against, as in upper courses and elsewhere, the 
laying in cement must be deserib^. 

Turn trimmers of 4-inch brickwork to all the fire-places for receiving the stone, marble, 
or cement hearths throughout the building, except where, as in basement stories, 
the hearths lie on fender walls, or on the ground. 

TiU’^Lreh or fiat. The .... to be covered with 3 courses of plain tiles set in cement, 
the tiles to be first well soaked in water. 

To basement stories, or the story on the ground, describe piers 9 inches square, or 
continued walls 9 inches thick, to carry the sleepers whereon the joists of the fl<x)r 
or the courses craving stone are to lie ; the cavity, if small, may bo filled with 
dry lime core. "V^ere the piers or sleeper walls are high, arches may be formed 
in them to save material, afford ventilation, and sometimes access throughout the 
cavity. 

Build 9-inch sleeper walls to support ends of joists of wood floors abutting upon paved 
floors (as in a church), and build half-brick honeycomb sleeper walls on one brick 
footings, 4 feet apart, under all wood floors in basement, or on ground floor when 
not excavated under. 

Foundations to piers of arches to be in brickwork of bard bricks, laid in cement, and 
every course throughout the foundations to be well grouted. 

Bed in mortar aU bond timber, wall or other plates, lintels, wood, bricks, templets, 
stone, or other work connected with the brickwork. All the door and window 
frames to be bedded in and pointed round with lime and hair mortar. Execute all 
requisite beam-filling. 

When the building faced with stone, or stone dressings are used ; to the above must 
be added — back up and fill in solid with brickwork aU the stone work and iron 
work that is set in the brickwork. 

If cornices, fascias, &c., are to be run in cement, then — prepare and fix brickwork, 
and such Yorkshire stone slabs and other materials as may be necessary for forming 
the several external cornices, pediments, strings, sills, and dressings to openings, 
in cement, as shown on the drawings. 

Brick reUeving arches that are visible are to be formed of three or four courses of 
red and black bricks, alternately or othenfise, as shown, or as the architect may 
hereafter direct. 

Turn arches in cement (if wanted) for canying entrance or other steps. Provide all 
brickwork for stone steps. Turn vaults of brickwork (describe thickness not less 
than 9 inches) over the intended cellars, according to the drawing, and properly :ut 
all groins of intersections. The spandrels to be filled in with solid bnckwoik up 
to the level of the internal crown of the vaulting, the whole grouted with liquid 
mortar. When the centering is struck, the sofltes of the vaultings are to be evenly 
and fairly cleaned oflE^ and pointed. 

Construct round the building a dry drain or area, as shown on the drawing. Bam 
down the ground at the bade thereof as the work is carried up, and provide such 
Bta^s of stone, slate, or iron wall-ties from the building as may be necessary foi 
maintaining such wall in its place, and as will not carry the oamp to the mail 
wall. Such dij area may probably require a drain if the soil be very wet. 

Trains for draining the premises, as shown on the plans, to fall into a main sewei 
(or cesspool, as the case m^ be). The principal drains to be 1 ft. fl in. and th( 
smaller ones 12 inch, 9 inch, 6 inch, ana 4 inch diameter, as €he cose may require 
of glazed sod^eted stoneware pipes (state manufacturer), at depths as figured oi 
^e drawings. Provide all neeeseai^ ben^ and junetions, ill thi pipes to b< 
jointed in cement, and the drains to be properly connected with the sewer (or cess 
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pool). The outlet of the drain to haye a galyanized iron Hap to shut flush all 
roand. The feet of all rain-water and waste pipes are to brought on to the 
grating of a syphon trap, or to be let into it under the grating,^ as nuy be pre- 
ferred. The lead soil pipes to be carried into syphon traps, The main drain is 
to be yentiiated by a lead pipe carried np abo^e the roof and clear of all openings 
and chimneys ; and at or near its connection with the sewer hbonld be placed on 
** interceptor ** with a syphon trap, for the purpose of readily cleaning ^a 
drain if it become stop^. This chamber should also be ventilated in like 
manner to prevent fonl air ascending the drain. 

‘When foul water cannot be carried off to a public sewer or running stream, ce$8po^l9 
must be formed to receiye it, and made water-tight, if possible, or allow absorp^ 
tion by the earth. They are usually 3 feet 6 inches to 5 feet clear diameter, circular 
ou plan, steened round with hard stocks, in half a brick thick, laid dry till within 
18 niches of the top, which 18 inches are to be laid in cement. If the water- 
closets be far apart, each may haye to be proyided with a cesspool, and apart from 
the building. Cesspools (and also wells) are sometimes domed over in brickwork, 
with, an eye or opening for access, a circular stone being let into tho opening ; or 
the cesspool be covered with a Yorkshire stone slab. 

Wells, when above 6 feet in diameter, to be steened one brick thick ; and when less 
than that sise, in half a brick, laid flat, paved at bottom, and domed over as for 
cesspool. 

Execute walls for carrying the columns of the portico as shown on the plan, all piers 
or cross walls for receiving the landings, and brickwork to receive the steps. If 
the portico be of large size, describe discharging arches above the architrave in the 
space o^'e^ intercolumniations, and from return columns to main walls. If a pedi- 
ment, back up with brickwork behind the tympanum of pediment quite up to under 
side of raking cornice of pediment. 

For fence walls, their footings, thicknesses, heights, and lengths are to be mentioned, 
and of what bricks they are to be built. If anything peculiar in their form, a 
drawing should be given. 

Brioknogged vartiti<yt}8 are described as with grey stock bricks laid flat in mortar, or 
on edge, filled in between the timber quarters, ties, &c. 

Strong ol^ts for plate or deeds require a description of thickness of walls and brick 
arch and paving, and usually 4-inch walls brought up for holding the requisite 
number of slate or iron shelves. A fireproof (and perhaps burglar-proof) door 
may be required to be named ; and if the room be large, an inner grated door may 
be useful. The same of wine cellars, whose bin walls and slate shelving must be 
mentioned. 

When tho building is to be heated with hot air or hot water, then : — build furnace 
room where shown on plan, with flues as necessary ; or, build channels for hot water 
pipes under floors; the channels to be 2 feet high by 12 inches wide in the clear, 
resting upon 8 inches of concrete and a double course of Bangor duchess slates to 
form channel floors ; the sides to be half a brick thick in mortar. 

JPaving with britk^M described to be either of stocks, paving bricks, malm paviors, 
or clinkers, which may be laid flat, or on edge, in sand, mortar, or cement, and 
either straight-coursed or herring-bone. Paving with iiUs is usually in mortar; 
the tiles either 6, 8, 10 or 12 inches square. 

All sjdags, ramps, and chases to be cut where wanted ; the two former to be robbed 
where necessary, and the latter to be pargetted. 

Brick ovens (one 10 feet wide and 8 feet 6 inches deep will bake twelve bushels of 
bread, and one 8 feet wide and 7 feet deep will bake eight bushels, and so in pro- 
portion) are to be constructed with Welsh lumjps or fire-bricks for ((jpe-place, 
domed over, and hooped with iron hoops. The bncklayer is to provide tl^e bars, 
plate door, bar to the archway of door, and other ironwork, and to carry up a 
proper flue £h>m the fire. This is often a separate trade. 

An Iron oven, capable of baking two bushels of bread, to be set in proper brickwork. 

Coppers and stevnng stoves to hi set neatly in brickwork, the latter in gauged brick- 
work with tile top, aud flues carried up therefrom, Set the kitchen range for 
kitchener) according to its requirements ; and set all fire-grates at back and sines 
well backed up with brickwork in cement, and cemented at top to prevent soot 
getttag down behind the grate. 

Cwumns to porticoes, or fronts, which are to be coated with cement must be described 
of such diameters as the drawings require, with entablature, &c., as the case may 
bo, carried up in cement, 

Fctf stMis, betides what may be applicable iW>m the fietegoing directions, two air^ 
fuss are to be constructed to each stall and loose bcaL.9 inchee square, and carried 

do2 
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up over the racks within the thieknen of the brickwork, oommuricating at their 
tops with the external air, Ond seoored from the penetration of the rain. 

Dung-pit vsalh^ whose dimensions depend on the siae of the stables. 

Xhtst’hin, to contain 30 feet cube, to be of half-brick walls in cement. The deal top, 
and corer hinged with water-joint hinges, and with de^ slides and door in front, to 
be provided by the carpenter. Morreirs patent cinder-sifting ash closet is adamod 
for outdoor use. The ** galvanized iron dust-bin,*' which is easily emptied in 
towns, has much snpersedfd the old wood or brick dast*bin, with its inconveni- 
ences and smells. They are non-absorbent, and are made 24 x 20 x 37 ins. high 
at back ; also 27 x 20 x 37 ; also 30 x 20 x 37 (see also 1007d). DMt ahaafit are 
now used in artisans’ dwellings ; one is so arranged as to prerent the passage of 
foul odours into the building should the hopper be left open. 

In cases of ttnderpimivg, the bricklayer is to cut all holes for the needles, and to 
remove the old work, and to bring np the new work in cement on concrete 
foundation; and, finally, drive in the cast iron wedges for bringing the wtrk to 
a solid bearing. 

Hollow walls for exposed situations. The external walls above the plinth line are to be 
built with a hollow cavity in the middle of about 3 inches, haring courses of 
bonders or through stones not more than 1 foot apart in height, and of various 
widths, but never more than 2 feet 6 inches apart. At the level of the top of the 
plinth a course of thick slates, or of thin stones, is to be worked on the walls, 
closely bedded in strong mortar under all the voids or flues thus formed, and a 
small aperture, 9 inches by 6 inches, is to be made for the admission of air and to 
carry on any moisture that may hare been driven in ; openings into each of these 
fues are also to be made between the joists of the different floors for ventilation. 
Other methods of building such walls are described in Chap. 111. Sect. 11. ^ar, 
1902c. 

Tsnce wall. The site to be enclosed with a 9-mch stock brick wall in mortar, 

. . . feet high, with brick footings 6 inches high, with two 2^inch set-offs on each 
side of the wall, laid on concrete 9 inches thick and 2 feet 6 inches wide, the 
bottom being . . . feet below the finished surface of the ground. The top of the 
wall to have a brick on edge course set in cement (or other coping, to be specified^. 
Provide (according to the extent of the job) a certain number of rods of briokwoTK^ 
at a price per rod to be named, for such extras as may be ordered in writing by 
the architect; if the whole or any part thereof should not be wanted, a deduction 
to be made on settling the accounts. 

To build all the walls level, except otherwise directed ; to be answerable for all 
damage that may occur to the work, by settlements or otherwise, during the timo 
of budding, and to rebuild or make good the same as the architect shall direct ; 
and, further, to perform all such jobbing work as shall be necessary for completely 
finishing the building. To provide good sound and sufficient scafolding, which is 
to remain for, and to be altered for, the mason, carpenter, and other artificers that 
may have occasion to use the same. A specimen brick of every description, 
splayed, moulded, for facing, &c., to be submitted to tlie architect for his approval 
before tbe commencement of the work. 


SIATSB. 

2283. To cover the roofs with the best strong Westmoreland, best Bangor, Tavistock, 
or other slate and size to be named, each securely fixed with two best strong copper 
nails. To be properly bonded, especially at the eaves and heading courses, with 
slates ont to keep the bond uniform ; the bands and diapers to be formed of Car- 
narvon or Westmoreland green, or other coloured slates ; or courses to be laid of 
slates cut to a notched pattern. No slates to be laid lengthwise. A little latitude 
may be allowed as to the exact size of the slate to be used. By specifying sizes, 
other than Countesses and Duchesses, there would frequently be less delay and less 
expense in covering. 

If roofs are covered with tiles, either pan or plain^ the description for the former 
will be either laid dry, or bedded in lime or hair, or pointed outside or inside, or 
on both sides ; or if glazed pantiling, to be so described, laid to a 1 0-inch gauge on 
stout fir laths, with hip, rid^, and valley tiles, filleting, cutting to splays, beam 
filling, painted T nails, hip hooks, &c. PUAn tiling n described to be of good 
Bbund tiles, laid to a close gauge on heart of oak doable laths, combined with 
ornamental tiles, to form patterns, as shown; every tile to be pegged with « good 
English-oak peg, and laid in mortar to a 3-incb lap. The hip a^ ridge tiles to be 
set in cetnent» with T nails dipped in melted h6t pitch, in all the joints, fiftrong, 
•imilariy pitched* wrought Iron hip hooks, FiRetin^ of cement, with strong cast 
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iron naili for forming a kej driven into the Bralla or other brickwork at intervals 
close enough to seeiw the same. Cover the rufyes with socketed roll Stafford- 
shire ridge tiles set in cement ; the tiles to be grooved for cresting (if any). Cover 
the with proper lapping hip tiles or rolled hip tiles. Provide ornamental tile 
cresting (if any), and fix same on ridges where shown on elevations. 

Fillets (other than lead flashing) against the brickwork, where requisite, of gauged 
stuff or cement, formed on nails driven at intervals to form a hold. Fillets of 
brick or stone may be built up with the wall, level or raking; and if they should 
be prefeiTed, they must be described in the bricklayer’s or mason’s works. 

If the slating be required to be rendered aiivtight, it must be described to be pointed 
on the inside with lime and hair mortar; but this pointing, from the expansion 
and contraction arising from heat and cold, may soon fall out. The slater to be 
answerable for twelve months for his work. 

All the slating is to be rendered up perfect on completing the building, and all job- 
bing work to be performed that may become necessary as the work is carried on. 

Provide slates to form damp-proof course in walls ; and for the bottoms of hot water 
pipe cliannels (if any). 

Slate slabs are now much used for sinks, cisterns, steps, skirtings, sills, covering to 
bay windows, mouldings, doorsteps, liningSj chimney-pieces, trusses, lavatories, 
nosing to steps, &c. ; they must be described. 

MASON. 

2284. The stone to be used in a building generally depends of course on the place where 
it is to be built, unless, without regard to expense, the employer determines on 
the use of any particular sort. Chap. II. Section U. furnishes the means of describ- 
ing the best of its sort. In London, Portland stone is most used. Granite or 
other hard stone is used where great strains and pressures occur, or where use and 
wear, and the action of the weather, indicate its ompWment. 

Having described the sort of stone selected to be of the beat quality, free from all 
vents, shakes, &c., the next direction is, that it shall be throughout laid in thedirec- 
tioQ of its natural bed in the quarry ; and if the whole building is of stone, many 
of the following particulars will be unnecessary. Where the building is only 
faced with stone, then the . . . fronts (describing them) are to be faced with 
Portland (or other) stone, ashlaring in courses to fall in with the courses of brick- 
work ; the stretehera of such ashlaring being 4^ inches deep and the headers 
0 inches, with bond stones running through the whole thickness of the wall in the 
pro^rtion of ^ of the face, to be introduced where the piers allow. No quoins 
to show a thickness of less than 12 inches. The whole to be cramped with gun- 
metal cramps, the mason flnding the same and properly running them with lead. 

Where the building is of brick with stone dressings^ then — To provide and set a 
Portland stone (or other stone or granite) plinth all round (or part, as the case 
may be) the building, , . . feet . • . inches high and 8^ thick, in stones not less 
than 8 feet in length, the vertical joints to be cramped with T cramps not less 
than 12 inches long. Describe whether joints are to be close or channelled, and 
whether ashlar is to be rusticked (rock worked). To provide and fix at the angles 
of the building, as shown upon the drawings, solid quoins of Portland (or other) 
stone [describe _ whether close, chamfered, or channelled joints, and whether 
rusticked] of the length and height shown. 

Kentish Itag, The Kentish rag to be of the best quality, from the quarries at 
Boughton, sound and free from hassock, laid in random courses, galleted and 
pointed with dark mortar. A sufiicient number of bond stones to be built in, 
one through stone (at least) to each yard superflcial. 

Bath Stone, To be the best Bath stone from Sumsion’s, Pictor’s, or Bandail and 
Saunders’s Combe Down quarries (no Farleigh Down stone to be used), to be laid 
on its natural bed in all cases, and cleaned off when set. All plinths, bases, and 
other work for a height of 4 ieet above the ground level to be of Box Ground 
stone. 

Ra/ndom walling of local stone. The stone for the walls generally is to be brought 
from . . . (state the quarry), that for the foundations (unless brickwork is used 
for them) to be of lam site: all those in the visible surface of the walls are to 
be carefully hammered, scaboled, or sawm (as the quality of the stone and nature 
of the work may require). All stone used in the main walls of the building to be 
of go<^ scantling, and no vei^ thin stone will be allowed in any part. 

Walls with ooncrets cores. The external face to be built up in courses of hammered, 
scabUed, or sawn stone. The internal face to be built up in sawn (or other) ashlars, 
or in rough brickwork, iu English bond, o^ rubble if it is to be plaster^, Thu 



THEORY OF AROHITEOTURE. 


' Booe II 


i2B4a, Masok. 

body of the walls to be filled in with strong concrete^ composed of 1 part of 
ground stone lime and S parts of clean sharp gravel, filling in interstices. A t 
every 2 feet 6 inches in height a double course of bricks is to be set in mortar, 
and at every 8 feet 6 inches in height a bonding through stone, from 10 inches to 
1 foot 3 inches deep, is to be fixed. Small stone ehippingsmay be mixed with the 
gravel forming the concrete. ' 

Regularity in the ouoin stones is not desired, but they may be worked and set in any 
reasonable scantling so as best to bond in, and harmonise with, the intermediate 
rubble. The upper beds of the stones to be laid with a slight inclination outwards, 
and as close as their nature will allow. Every precaution is to be taken to avoid 
risk of the settling of ihe work from imperfect beds and open joints. The work 
is to be carried up regularly all round the building. In the case of a church with 
a tower, the walls of the latter are to be specified to be built up very slowly and 
without b»-ing bonded into those of the church, but are to have slip joints or chases 
worked in them for f^'rming the connection ; this is in all ciises to be so free as to 
allow for the settlement of the masonry without injury to the work in the church 
walls ; with tliia exception, no part of any wall is at any time to be raised more 
than three feet higher than another, during the progress of the works. 

The walls of the towir of a church are to built quite solid, and inverted arches are 
to be turned under all the large apertures therein. All flat headed apertures are 
to be covered with York (or other) lintels, of thickness proportionate to the width 
of the opening. 

A oomtee and hlocJcing course^ scantling ... by ... , moulded, to be provided 
according to the drawings, the bed to be such that the weight of each block of 
stone in the projecting part shall not be equal to that on the bed by one-fourth of 
its cubic contents. The same to be executed according to the drawings ; to have 
proper sunk water joints, and to be channelled and plugged with had at all the joints. 

StringHiourses to be . . . inches by . . . inches, throated and bevelled on the upper 
face, and the joints plugged with lead. 

Blocking course^ as shown on the dr.iwings, . , . inches high, . . . thick on the bed, 
and ... on the top, plugged with lead at all the joints, with solid block at the 
quoins, returned at least 24 inches. 

The quoifw, jambs, string-coursfs, hoodmoulds, buttress weatherings, copings, and 
dressings generally, to be strictly worked according to detail drawings, and to be 
dragged, chopped, tooled, or rubbed (according to the quality of the stone) so as 
to he truly worked in every particular. 

All the tfojcery and mouldings to be set out full size, and cut and set to the right 
jointing, as approved by the architect or the clerk of the works. 

Foes the wails of . . . with Minton's glazed (or other) tiles, value . . . per yard 
superficial, to be. secured with cramps of stout copper wire inserted in holes in 
edges of the tiles. 

All the paving tiles to be of the best quality, free from blemishes ; to be set in 
Roman cement, and to have all cement removed from their face after the work is 
finished ; the f dges of the tiles to be rubbed, where necessary, to ensure neatness, 
and care is to be taken that the tiles are not injured by the workmen after they 
are laid. 

The base mouldings of the tower, jambs, and arches of the windows and doors 
throughout the ouilding, and whatsoever parts are tinted . . . upon the elevations, 
are to be of tooled or dragged masonry. 

The plinths, eaves, string courses, and the labels over the windows and doors, are to 
be of Ketton (or other suitable) stone, finished with a drt^ged or tooled face. 

The coping of the gables to be of Bramley Fall (or other stone that is not porous), 
worked as shown, and the apices of the (here enumerate which) gables to be 
surmounted by crosses worked in Ketton or other stone, according to drawing, set 
with copper dowels, ' 

Balustrades ^ be provided of the heights and sizes shown on the drawings. The 
balusters to be wrought out of one stone, allowing at least one inch of joggle at their 
ends into the plinth and impost All the vertical joints to be well plugged with 
lead; the imposts to be cramped with cast iron (or bell metal), and the whole to 
be securely fixed. The half balusters to. bt worked out of the same block of 
stone as their adjoining pedestal. 

Columns and pilasters, with their pedestals, capitals, bases, plinths, dee., and an* 
tablature, to be fixed as shown on the drawings. The columns and pilat^ters to be 
monoli ths, or not to be in courses of more than , . . blocks of stone. The architraves 
to be from those resting on the columns or pilasters themselves, and these 

as weu M the frieze and cornice to break joint over the architrave. 'The archi* 
traves, if lilooks of stone can be supplied large enough, to be in one block from 
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centre to centre of column, mth return architrares in like manner. The irhole o^f 
^e entablature (a« well as the pediment, if any) to be executed with all r^uisite 
jogglee and cramps (and if a pediment, the apex to be in one atone). The pilasters 
(if any) to be bonded not less than . . . inches into the wall, against which they 
are pla^ in every other course. The sofites of the ^rtico to be, as shown on 
the plan and sections, formed into panels and ornamented. Proyide and let into 
the top of the awhitrave good and sufficient chain bars, with stubs on the other 
side for letting into every stone composing the architrave. 

The caps and biuea to piers to be in large stones. The caps and bases to dwarf 
shafts (if any), and the corbels under wall pieces or other roof timbers, to be well 
pinned into walls, and sunk and dowelled to receive shafts or timbers. 

If a p^tico is shown, to provide and fix of solid . . . stone . . . steps round the 
portico, scantling ... by ... , properly back-jointed and worked all over; and 
within the portico to provide and fix a complete landing of stone, at least 4 inches 
thick (or less, if a small portico), in slabs, as shown. The joints of the steps and 
landings are to be joggled and run with lead. If the portico be very large, it is 
not necessary to make the frieze solid, but concealed arches should be turned in 
the space from column to column to support the superincumbent weight of the 
cornice and pediment. If the columns are fluted, it must be mentioned. When 
a pedimentf the tympanum may be described to be faced with ashlaring. 

To construct and fix dreaainga and ailla to the external windows and doors, as shown 
on the drawings, with all such throated, sunk, moulded, carved, rebated, and other 
work as may be necessary. 

To deaciibe mU generally : — 

Sills to . . • windows of . . . stone, 0| by 6 inches. To . . . windows moulded 
and of . . . stone, 14 by 8 inches. To . . . windows of Aberdeen granite, 
finely tooled, 14 by 9 inches. To . . . windows of . . . stone, 9 by 6 inches. 
All sills are to be properly sunk, weathered, and throated, and at each end 
to be 4 inches longer than the opening. 

The tower and apire to be carefully carried out in accordance with detailed drawings. 
The spire to spring from squinch arches or from the solid broaches (or as the 
case may be), and gradually reduced towards the top, each stone to be wrought and 
cut to its through bed and inclination of its plane, the parts (as shown) to be 
solid ashlar and carefully tai.ed and bonded. The bands, mouldings, cornices, 
strings, &;c , to be worked as shown, and continued round ; the storm lights to be 
formed with solid sills, heads, &;c. ; the vane to drop through the finial and to be 
securely fixed. The windows of the tower and the storm lights of the spiro to be 
grooved for louvres of wood or slates (or to be fi.lled in with thin slabs of stone 
with ornamental piercings). 

Turn relieving archea over all arches Of nave, chancel, &c., formed of different 
coloured stones, arranged as directed, and form bands, diapers, ^crosses, &c., of 
same where shown. The stones for parti -coloured work to be Pennant, Caen, 
Temple Quiting, Red Forest of Dean, Silver Grey Forest of Dean, Red Mansfield, 
Whinstone, or Blue Warwickshire stone (or local stcne, if of suitable colour). 

Provide shafts where shown of Derbyshire, Devonshire, Purbeck, or other marble, or 
of alabaster, serpentine, Aberdeen or Peterhead granite (or other material as 
may be selected), to be well polished, and to be sunk, dowelled, and secured into 
caps and bases. Shafts in angles of doorways (if any) to be of any suitable dark 
stone (if necessary) to contrast with the jamb. 

All omamentSy carving, enrichment of capitals, of columns and pilasters, and of such 
as may be shown in the entablature, ts to be executed in an artlst-like good style. 
Models from theworking drawings are to be made at the contractor’s expense, and 
the whole to be"* executed to the satisfaction of the architect. The Order may, 
however, be described if the working drawings are not sufficiently made out. 

PHntha and base mouldinga to the portico, as shown on the drawings, to be wori^ed 
out of (describe stone) . , . stone of . . . by . . . scantling. 

Finish the chimney shafts with mouldii^B as shown in the drawings, or with sunk 
moulded und throat^ copings, , . . inches wide and . . . inches thick. 

Dan^ coarse. All the walls to have Yorkshire stoned inches thick and 4 inches on 
eimh side wider than the serefal lowest footings, in slabs of one length across the 
width of the footing. This wns ah old custom. 

Balconies to a house : — A balcony landing of Portland stone, . . . inches thick, 
inoulded on the edges and the pieces carelully joggled together, and run with lead, 
to be provided with holes cut therein for the iron railing. The said balcony is to 
be tailed into the wall, and securely pinned up. 

to the doorways must be described as to scantlings. All eittP^sl steps should 
bo weathered. 
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For A h<uik staircase, esrry up and conutruet a staircase from tbe Imeement to the 
principal floor, with sdid Yorkshire qaanyeteps 18 inches wide and inches 
high, properly back-jointed and pinned into the brickwork ; cnt holes for tne iron 
balustrades. N.B. This sort of ataircase of Portland will serre also for back 
stairs of upper flights That from the l^semeot may also be made of granite 
street curb, 12 by 7^ or 8 inches. A staircase muy, for cheapness, be made of 
Yorkshire stone p^iog 8 laches thick, wrought with fair tooled edges, and securely 
pinned into the brickwork. 

Mncipal staira to be of Portland stone ^as may be), to extend from principal to , , . 
floor, with steps and sqwe (or semicircular, as may be) landings, entirely of solid 
stone, tailed 9 inches into the brickwork, with moulded nosings and returned 
nosings, and also at the back. The sofites to be moulded to the shapes of the ends 
of the steps. The landings to be 6 inches thick, with moulded nosings and joggled 
joints, run with lead, to be inserted at least 4 inches in the walls, but such as tail 
into the walls, as Steps, must go at least 9 inches into the walls. When the under 
sides of the steps of the geometrical staircase are not moulded, the nosings are 
returned so as to fall beyond the upright line of the succeeding tread ; in this case 
the Boflte or string is plain wrought. 

The steps to the sanctuary and chancel of a church to be of rubbed Portland, Red 
Mansfield, Ilobin Hood, Craigleith, or other hard stone, or of marble, in lengths 
of not less than 18 feet, very carefully set and bedded, pinned, joggle jointed, and 
run and plugged with lead, and back-jointed to receive tile paving. 

Tam the entrance hall and principal staircase, together with (any passage, &c.), 
with the best . . , marble, and border according to the pattern drawn. The back 
staircase (and such other parts as require it) to be paved with Portland stone 
2 inches thick, laid in squares, and with a border 8 inches square. 

Whore staru fosis are used in a front, it is well to place along the front two pieces 
of parallel square Aberdeen or other good granite cvrh^ 12 inches by 0 inches, cut 
out to receive the bases of the columns and story posts. 

Pave the scullery^ larder, pantry, passages, lobbies (and other such places as may 
require mention), with rubbed Yorkshire stone inches thick, laid in regular 
courses with close rubbed joints 
Fave the bottom of the atr drain with Yorkshire paving. 

Yards may be paved with 2i|-inch Yorkshire paving, or such other as the place 
affords, as in common use. The same to basement stofles. 

Taoe^ (if a church) the entrance passage, porches, &c^^here coloured on plan^ 
with Minton’s (or other) encaustic tiles, one third (or or less) being figured, 
combined with chocolate and black tiles, value . , . yard superficial, manu- 
facturers* prices. Pave the chancel (usually with richer tiles) with tiles yalue , , . 
per yard superficial. 

The tiled, fioor (when laid on joists); Spike fillets to joists at 3 inches below their 
upper surfaces ; fill in between the same with inch rough boarding. The vacnity 
to be filled up with pugging of concrete flush with the upper surfacp, flttished with 
a layer inch thick ot Roman cement smoothly floated to receive tiles. 

Dairy to be paved with , , , stone (or marble) in regular courses, , . . inUbes thick. 
Provide a shelf or dresser round the said dairy of veined marble (or slate) 1 inch 
thick, and a skirting round it 6 inches high. The dresser to go into the wall 
1 inch, and to be supported on veined marble piers 4 inches square. 

To fit up the wine cmar with bins, as per drawing, with 2*inch Yorkshire stone 
shelves (some prefer siate), fairly tool^, support^ on half-brick uprights, all set 
in eUmeut. A cellular hexagonal brick has been patented by King and Smith; 
of Weedon, to be used to form the wall of a vault ; each is hollow and open 
at the inner extremity, so that each brick becomes the receptacle for a bottle. 
They are made of three different sizes. 

To provide and fix a warm loth of veinod Bterble ; rendered waterproof by being pro- 
perly set in Dntch tarras>*End plugged and cramped with ooiij^r atthe joints, with 
all requisite f nishing. A marbtewtep round two sides of thtMkth, Out aU boles 
necessary for laying on the water. A bath, Jf a fixture, may be figiilarly made of 
elate, which is of countfe much dlkapea, 

“Wtoe yirders are used, describa fisees of gfi^ite street oarb, or 8-in. 

^ Yorkshire st^e, as oorbeli or plates, each .... long and .... wide, to receive 
the ends of the iron girders, 

V^hste ehmneye project withoufc'anpport froiA below, corbels must be described pro- 
portioned to the weight they have to carry. The best sorbsl-, however, is the gra- 
dual projection of the work by iuvwted Steps, adiirii, if there be height to hii^ 
Jtiiem. should always be the mode of execution. 



Chap. UL 


BPECIFIOATIOIW, 




2284<f. Masoh. , ^ , V ♦ 

C^lar should ksvo in each of them three pieces of Portland or other suet 

stone 18 in. wide, 18 in. long, and 9 in. high, cut out to receive the hinges anc 
alsp the rim of the look, ' 

The QOmmoMBt Mm»ei/-piece8 that. can he descrihed are of Ij-inch Bath stone, 
jambs, mantels, and shelves, 6 inches wide; with slabs of 2-inch Portland stone, 
20 inches wide, and 6 inches or a foot wider on each side than the width of th< 
opening. Those of butler’s and housekeeper’s rooms would be of a bettsr quality, 
A fciichm chimney is described as jambs and mantel (in one piece) of 2-10011 Port 
land stone 10 (or 12) inches wide, with a slab of 2J- inch rubbed Yorkshire stone, 
if used with a wood floor ; but sometimes the whole width of that side of the 
kitchen is paved. 

"Where marhU chimney-pieoee are to be placed, they are described to be provided of 
a given yalue of such marble as may bo determined, or working drawi^s and 
workmanship may be referred to. It must always be provided in the specification 
that the slabs are included, and that the price is, or is not. to include the carriage 
and fixing. Marble, wood, and icon chimney-pieces, with grates, fenders, tile 
borders and hearths, &c. en suite. 

All fireplaces idiould have back hearths 6f 2J-inch rubbed Yorkshire stone. Pront 
hearths of ftope, or of Portland cement, or of marble. 

JSinhs of rubbed Portland or other stone, 7 inehes thick (describing the size required), 
sunk ins. deep, with holes cut for the grating and socket-pipe, and fixed with 
all requisite brick or stone bearers or supports, complete. A sink of earthenware 
is now to be obtained. An improved patent combined sink and wash-up tub is 
specially adapted for kitchens, sculleries, cottages, artizans’ dwellings, &c. It is 
made of galvanized or enamelled iron. Housemaids’ slop siuks in earthenware or 
in plain or enamelled slate are made, to suit any position. 

Sink stones to drains to be provided w'here shown on the plan. 


Flint work. Flint walling is of the following descriptions Bough, or as the flints 
are dug ; random, or broken without any regard to regularity ; split, so that they are 
true ,on the face and oval in form ; or, split and squared, by which neat and square 
work is produced. The walling is to be built in the soundest manner with . . . . 
flints (state which of the fouisiescriptions is to be used) laid in mortar compounded 
of quick-setting stone lime and coarse sharp sand, free from loam ; bricks, tiles, 
pebbles, &«., may be bedded in the centre or core of the wall. The long flints 
to be selected and laid as through stones, and the string-courses, &c., to be laid en- 
tirely through the thickness of the wall, so as to give additional bond. The woilc 
to be kept as dry as possible during the construction, to be protected by boards 
in wet weather, and to be covered in as soon as possible after completion. No 
grouting to bo used. If the walling is faced with half-flints, care is to be taken 
in laying them to keep their upper surfaces as level as possible, to prevent rain 
driyjng into the centre of the wall ; firmly pin up tbs lower bed with fragments. 
The^«/s of the masonry generally are to he where exhibited on the drawrngs, and 
thpMMit is to be left perfectly cleaned oif, all necessary joggles, joints, rebates, 
sunk, weathered and throated works, grooves, chases, boles, back joints, 
And fair edges, that msj be necessaiy in any part of the work, and all jobbing, 
though not partioularly mentioned under the several heads, is to be performed that 
may be requisite for the execution of the building, and all the work is to be well 
deaned off before delivering it up. The whole of the work is to be warranted 
perfect, and any dixpuge that may occur to it by reason of frost or settlement 
withiii two ytfars tji^fter the completion of the building is to be repaired, under the 
architect’s diiection, at the sole expense of the contractor. 

All mortar is to be of the same quality as that described in the bricklayers work. 
All croimps to be of copper ; iron cramps not to be allowed (se^ par, 2286 ). Lead 
joggles, attd. ff lyh slate dowels sejlkiu cement, to be inserted in the joints where 
directed. The contractor is to provide lead to nm the cramps and joints. 

In stables, granttsahould be provided to receisve tlw heel-posts if cast iron be not em- 
ploy^, the piers of gafcea^ hinge aed spur stones, the latter, of granite, if 

to be.had, jhojild deaeribed, Jne ctt'ps aftd 'buses of the last ran be noted 
only^with refereb# to the ,j(^wiiigs jof them. The paving of ^Mes and the» 
courts is described thus ; Prepare the ground for paving (stating where) with go^ 
and sufficient hard materials, and wve it with Aberdeen granite paving, properly 
dres$ed and sorted* 8 inches de^ and 6 inches wide at the top and bottom thereof. 
The whole to be laid witli good ciirr«ite upon a layer 4 inches at least in thickness 
of good rough graveli the }oiDt% of theenrface to be run with stone lime and nve? 
aand grouting. It is to be v^ell rammed, and the contractor is to relay, at his own 
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expense, all such parto as may sink within eighteen months of the work being 
complete. 

To provide and dx titter the contract .... cubic feet of ... . stone, including 
plain work and setting thereto, also .... superficial feet of 2^-inch Yorkshire 
paving, laid in regular courses ; and in case the whole or any part of either or both 
should not be wanted, the quantity not used or directed shall be deducted from 
the araouDt of the consideration of the contract after the rate of ... . per foot 
of cubic stone and .... per foot superficial for the Yorkshire paving, in eluding 
the workmanship and fixing thereof. 

Where the work is within the metropolitan district, or within a town, a sufficient 
hoarding must be erected for enclosing the premises during the execution of the 
works, which is to be removed and carried away when they are complete. So, also, 
all shoring is to be provided, if the works be alterations, or the adjoining buildings 
may be injured by carrying them into effect The shoring is to be performed in a 
safe, scientific, and workmanlike manner, of the several fronts, floors, or otherwise, 
as the case may be. 

T'or a stone building : — To provide, fix, maintain, alter as occasion may require, and 
finally remove, the necessary double square framed scaffolding^ travelling cranes 
and other implements, and utensils and plant necessary for the performance of the 
whole of the works ; and perform all the requisite sawing, lifting, hoisting, setting, 
and other labour that may be necessary for the carrying out of the whole of the 
works. 


Carpkntbb and Joiner. 

2285. To provide all materials requisite for completion of the buildings. The oak is to 
be of English growth and perfectly sound ; the timber is to be of the best Bantzic, 
Eiga, or Memel yellow fir. No American, Swedish, or Scotch fir to be used in 
any part of the building. All the fioors and joiner’s work are, except where other- 
wise directed, to be of the best yellow Christiana deals. The timbers and deals 
are to be cut square, entirely free from sapwood, shakes, large knots, black outsides, 
and all other defects. If any part or parts of the joiner’s work should shrink or 
fly within .... months from the finishing and fixing the same, the contractor 
is to take down, make gf od, and refix the same, together with all works that may 
be affected thereby, at his own expense. 

Provide and fix ... . cubic feet of Baltic yellow fir timber, with all labour thereto, 
beyond the quantity necessary for the work herein described, to be used in such 
additional works as may be directed by the architect ; and if the whole or any 
part thereof should not be ordered, the same shall be deducted from the amount 
of the consideration of the contract, after the rate of ... , per foot cube. All 
additional fir, if any should be ordered, is to be taken at the like price of ... • 
per foot cube. 

No joistSt rafters, or quarters are in any case, unless particularly so directed, to be 
more than 12 inches clear distance from one another. 

Provide and fix, ease,* and strike all centring tiud, turning pieces for tha wdts, arches, 
trimmers, and other works. Provide all temporary shores that may be necessary. 
I*vovide and fix all necessary templets^^ linings, blocks, stops, casings, beads, 
springing fillets, angle staffs, grounds, linings, backings, furrings, cappings, and 
other finishings incident to carpenter’s and joiner’s works, together with all ne- 
cessary grooving, rebating, framing, tonguing, housing, beading, mitring, framing, 
and other workmanship necessary for completing the works. 

Provide casing for all the stone dressings, to secure and protect the same from injury 
daring the execution of the works ; any accident arising from neglect in this respect 
is to be made good at the expense of the carpenter. 

Bond imber, 4 inches by 2^ inches all around the walls, except 
by the chimneys, to be lapped together, where joints occur, at least ttp^S^nd 
to be properly spiked together. One tief Is generally enough for bal|^nt8%y. 
Two tiers in the other floors, unless very lofty. One tier in the Vw story. 
These are now dispensed with, hoop iron bond being used, und party^ipls may 
be so bonded, if thought proper, for a greater security against fire. 

All wood, or patent, hrichs to which the finishkgs are to be fixed 

All lintels^ and filling in lintels necessaiy to the several openings ; each to be 4 inches 
high, of the width of the brickworkf end Ifi inohee longer wan the opening. Two 
snmll lintels will do if the width of the sofite be considerable, and arches, as 
directed in the bricklayer s work be turned, 

Eor Abound or, rather, l^ement floors, walls a^brought up for reoeiving ask 
5 by S inches, on which fir joists 4| by 2J ire generally the scan^ogs employed 
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Fbr Wall plates, 6 inches by 4 inches \ girders ; joists according to the 

kind of floop ; tnmmprs and trimming joists ; all which, with their requisite 
scantlings, will be found in Practical Carpentry. (201 3 et seq.) 

Cmdliiig to the and such parts as may be necessary to form panels and coffers 

on the under sww for the ceiling, if such be practised. State if the girders are 
to be trussed. Cock down all girders on the wall plates. Pin bridging joists to 
binders with f-inch oak pins. o - 

Wall plate$ to roofs should be at least 6 inchw by 6 inches. The different timbers 
of the several sorts of roofs are described in Practical Carpentry, and scantlings 
given. (2027* srg'.) Ceiling joists to be described. Hips and ridges rounded 
for lead ou^ht to be 10 inches by 2 inches. 

The trusses oj" roofs are to be framed as shown, and of timbers of the scantlings re- 
spectively figured (or as here specified). They are to be mortised, tenoned, arched, 
notched, moulded, chamfered, and stopped, as shown on the detail drawings ; and 
to be bolted and strapped with wrougnt iron straps, forged with ornamental ends; 
all bolts to have washers and nuts, notched as shown. 

The curved ribs (if any) to be put together in (three) thicknesEes, so as to break joint, 
to be wrought all over, and the joints to be tongued. These (three) thicknesses 
are to be screwed close together with long screws, and bolted with -J-inch bolts be- 
tween each joint. The centre thickness to be tenoned into the timbers on which 
it abuts. Tongue a bold 3-inch bead to underside of same. 

The hartvmer-heams (if any) are to be cogged down upon the wall plates, and framed 
to the ribs, and bolted, as shown. The principals are to be notched and tenoned 
to the hammer-beams, and well spiked to ribs, and tenoned together and pinned 
at top. The collars (if any) are to be firmly tenoned into and spiked to principals. 
The purlins are to be notched down and housed into the principals on each side, 
and spiked. The king-post, or queen-posts, are to be framed in the usual manner. 

All the tiwhers of the roofs exposed to view are to be wrought, and the angles 
moulded, or chamfered, or stop chamfered. 

All roofs (if ex]^osed to view) to be hoarded above the rafters with J-inch wrought 
matched y jointed boarding, laid diagonally, and securely nailed to rafters and 
covered with (asphalted) felt (or specify, to lath on the top of rafters and plaster 
between the same). Lay battens 3 inches by 1 inch over the boarding or laths, on 
the back of every rafter, and on the battens lay 8 inch by 1 inch slating battens 
(Or double -oak tiling laths if the roof be tiled), fixed to a proper gauge for the 
sized slates required. 

Where close boardina is used, it should not be less than | to an inch thick. If battens 
for slating, they should be 2| inches wide ; the first should be nailed with eightpenny 
nails. Provide lear boards. On many accounts the Italian method of laying the 
rafters horizontally as so many purlins is to be preferred. For the boarding not 
lying lengthwise towards the gable, any wet that may find its way on to it from 
defective slates or lead, is not apt to lodge against; and rot the edges. 

Flats, — Wail plates usually 6 by 6. Trimmers and trimming joists against chimneys, 
and where skylights occur, l^inch yellow deal boarding, listed, free from sap- 
wood, laid with a current of if inch to 10 feet lineal, with 2^ drips to beading 
joints, of lead rolls to longitucUnal joints, and inch yellow deal risers not less than 
4 inches wide next the gutter. 

Gutters to the roof, or roofs, are to be as shown on the plan, with inch yellow deal 
bottoms on strong fir bearers, and laid with a current of 1^ inches to every 10 
feet ; 24 rebated drips, and at the sides to have j-inch deal lear boards, 9 inches wide. 
Gutter boards are rarely more than 1^ inches thick. Gutter plateSf if any, to be 
described, but they should never be used without Support from below. 

Trim for trap doors^ size as shown, if any, leading to the inside of the roof 
Dormers thereto on to roof, with all necessary framing. 

CkeekSt doors, beaded stops and linings, and ironmongery. Boarding for slating or 
lead to top and cheeks, as the case may be. 

Dormers may be Similarly described for windows in the roof. 

Quartered paeiiiions, vdiere shown on the plan, with heads and sills 4 inches by 4 
inches. Ties above the doors 4 inches by 5 inches. Posts 4 inches 3^ inches. 
Br^es or stmts 8 inches square. Quarters 4 inches by 2 inches, and three tiers 
of intertiea, 1 inch by 2^ inches. In cases where partitions are to be tmesed for 
oarxying either their own or some additional weight, reference must be made to 
drawings. 

Baftenksg to external walla, usually from | inch to Ij inch thick; their widths 2J 
inches, fixed from 7 to 12 inches apart. If bond timber is not used to nail them 
H or fixings^ to bo U t into the wall. 
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Bracketing and cradling is usually, for oomices, coves, ^o., ioch thick ; for cuts 
blatures, circular sohtes, and waggon-headed ceilings, 1| to 2 inches thick* 

All bearers to be fixed and provided as shall be necessary. 

Weather boarding, }-inch or 6 boards to a 8 -inch yellow deal, wrought or wrought 
and beiided ; or 1-inoh or 4 boards to a 8-inch deal. Louvre or L^ffer boarding 
of 1-inch deal, wrought two sides and splayed. 

Warehoxise posts must be described with their relation to the weight they are to carry 
(see Beams AND Pillabs, 1635, et seq ), the caps 3 feet long, with splayed ends, 
so that the posts may not press into the girders; and iron dowels should pass 
through the girders to cat<^ the bases of the posts in the floor above. Fir stor^ 
posts are usually about 9 inches square. 

Water trunks are made from 4 to 6 inches or more square, of J-inch to 1 j-ineb 
deni; to be pitched and fixed complete, with hopper heads and shoes, wall hooks, 
hold- fasts, &;c. 

Bark paling is of the following varieties: 4-feet oak cleft pales, 2 arris rails and oak 
posts ; 6-feet oak cleft pales, &c. ; and 6 feet oak cleft pales, 3 arris rails and oak 
posts. Described oak plank at the bottom, and oak capping at top, if required. 

Floors. 


i-inch white (or yellow) deal, rough, wiih edges shot. \ These ma; 
J-inch white (or yellow) deal, wrought, and laid folding, j for bett 
1-inch white (or yellow) deal, rough, with edges shot. 

1-inch white (or yellow) deal, wrought, and laid folding. 

1-inch tsAftodeal, wrought, and laid straight joint and splayed headings, 
Ikifll^h white (or yellow) deal, rough, with edges shot. 1 

Ifljlh while (or yellow) deal, wrought, and laid folding. 

1 J-inch white (oryellow) deal, wrought, straight joint, and splayed ( 
headings. J 


These may be of battens 
for better floors. 


I Alsoof bat- 
r tens. 


Also of battens. 


14-inch white (or yellow) deal battens, edge nailed, and tongued headings, 
ij-inch yellow deal batten (or clean bciten), dowelled with oak dowels, with 
mitred and glued borders. 

Warehouse floors. 


l^-inch yellow deal, rough, edges shot. l|-inch deal, wrought, and laid 

folding. 1 ^-inch ydlow deal, wrought, and straight joint, and splayed headings. 
2-inch yellow deal, rough, edges shot, and 2-tnch yellow deal, wrought, and laid 
folding. 2-inch yellow deal, wrought, and laid straight joint, and splayed 
headings. 


All these last may be ploughed, rebated, and feather-tongued. 

Put to ... . floors (or to the whole, if desired) sound boarding of j-inch rough deal 
fixed upon fillets, to receive the pugging. (See 2287«.) 

Floors of inlaid ox parquetry work to be specially described according to drawings. 
In churches, the floors under the seats are usually of wood, and require rebated and 
- chamfered oak margins,^6 inches by 4 inches, laid flatwise, where they abut upon 
payed floors. These margins are to be mortised or dowelled to voceive bench ends, 
and the wood floors to be kept 3 inches above the tile floors on whicl^^they abut. 
^0 woodb'ock tiooxs. 


Skirtings. — J-inch (or |-inch) deal square. J -inch (or 1 -inch) deal tofiki. i-lnch 
(or l|-incn) deal square; or 1-icch deal square skirting, rebated Wd backed 
plinth, witn fillet nailed to floor, li-inch deal torus; or 1^-inch deal torus 
skirting, rebated and backed plinth, with fillet nailed to floor. If any of these, as 
to stairs, are raking, and to be scribed to steps, they must be so described, and if 
ramped or scribed to moulded nosings, or circular on plan. 

Dado*, nailed to ground: }, 1-inch, and l^inch deal keyed. !}■ inch deal keyed 
ploughed and tongued, or feather-tongued, if required. Mention if they are to be 
scribed to steps, circular on plan, and wreathed, or ramped. Dadoes are now made 
of framed wainscot, in panels, &c., according to drawings. 

Wainscoting, with fascia and skirting. — l-inch deal, square framed ; and perhaps 
dwarf, l^inch deal, square framed ; and perhaps dwarf. 1 ^-ineh deal, bead 
butt (or moulded), or b^d flush. The number of panels high to be specified. 
State if any to be made raking, or to have a beaded or moulded espping. 

PartUions of deal for the division of rooms. 

1-inch deal board, and braced with J-iuch panels. 1 

l^inch deal, braced with j-ioch panels. I These are seldom made. 

!• ^ inch deal, rough, and lodged edges shot J 

li ^wch deal, wrought both sides, and ploughed ; or tongued and beaded, 

1: 4neh, or J^inch, square fram^. 

ij-inch, bead but<^ m^ded and square; or bead flush and squm or moulded 
both sides. 
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2-inch, f^nare framed ; or bead butt or moulded and «qnare ; or bead flueh and 
square ; or moulded both sides; or moulded and bead flash ; or bead flush and 
bead butt ; or bead flush on both sides. 

Grounds . — Those of J-inch deal, of 1-inch deal, of Ij-inch deal, of l|-inch deal, and 
whether circular; also l-inch, IJ-inch, and Ij-inch skeleton grounds {par, 2166). 

Do&r oases are usually about 5 by 5 inches for basements ; should be of oak in 
preference to flr. They flt,or are fixed, into the brickwork, and should be tenoned 
(the tenon being pitched or set in white lead) into a stone step or threshold ; any 
wood sill soon rots. 

Door linifias. — These are either plain, the commoner sort ; or framed, for better work. 
1-inch deal, single rebated ; or double rebated (that is, so that the door may hang 
on either side). 

IWnch deal, single rebated ; or double rebated, 
ij-inch deal, single rebated ; or double rebated. 

Either of the foregoing may be beaded on the edge. 

Framed door linings and sofites for doors are — 

l|-inch, square fiumed in one panel and double rebated: and bend bull or 
moulded : and bead flush. 

l|-inch, square framed in one panel and double rebated: and bead butt or 
moulded : and bead flush. If the panels in the linings are to be raised, to cor- 
respond with panels of doors, they must be so described. 

Framed hack linings are — 1-incU deal, two panel square ; and bead butt. 1-inch 
deal, three panm square; and bead butt. 1-inch deal, four panel square; and 
bead butt. If there be more panels, or they are splayed on the plan, or if bead 
flush, or of a greater thickness, they must be so specified. 

Window haoks^ elbows^ and sofites. — l-inch deal, keyed ; or framed square. 

1 J-inch deal, fram^ square ; or moulded or bead butt ; or bead flush. 

1 J-inch deal, square framed sofite, with one edge circular. '1 Applicable to bay win- 
1 i-inch deal, square framed sofite, with two edges circular, j dows. 
itinch deal, square framed sofite, moulded, or bead butt. 

l}-inch deal, framed square; or moulded ; or bead butt: or bead flush. If any 
of these are splayed, fancy moulded, and with cappings, or are circular on the 
plan, they must be so specified. 

Shutter boxings, -l-inch deal, splayed boxings ; l-inch deal, proper boxings ; IJ-inch 
deal, splayed boxings ; Ij-inch deal, proper boxings ; ij-inch deal, boxings with 
circular head ; l-inch (or 1 J-inch) deal, boxings for sliding shutters, with pulley 
pieces, beads, fillets, and groores, complete. These, if to be double hung, must 
be so described. 

Shutters to windows. — j-inch deal, ledgjed or clamped ; and may be in two heights, 
l-inch deal, clamped ; and in two heights ; or clamped in two heights, one panel, 
bead butt, and square ; or one panel, bead flush, and square ; or bead butt. These 
may be described of IJ-inch deal and of 1 J-inch deal, but the back flaps need not 
be more than one iuch. The additional panels in height, projecting mouldings 
(if any), and any other yariations, must be mentioned. 

ShiUterSf sliding f hung with lines and weights. — l-inch (or J J-inch) deal, two ^nels 
square ; 1 J-inch deal, bead butt and square (or bead flush and square) ; l^inch 
deal, bead butt and moulded (or bead flush and bead butt). If of 1 J-inch deal, if 
more panels in height, if circular on the plan, and if patent or other lines are to 
be used for the han^ng, they must be mentioned. 

Outside shutters. — IJ^nch deal, three panels, bead butt and square; or bead 
flush and square. 1 J-inch deal, three panels, bead flush and bead butt ; or bead 
flush on both sides. 1 J-inch deal, three panels, bead butt and i^uare ; or bead 
flush and square ; or bsad flush and bead butt. These may be circular on plan, 
or contain more than three panels in height. 

Staircases. •^l-inch yellow deal, steps, risers, and carriages. IJ-indi deal, steps, 
inch risers, and carriages. 1 j-inch deal, steps and risers glued up and block^ to 
close string moulded nosings, and two fir carriages, l^inch deal, steps and risers 
mitred to cut string, and dovetailed to balusters. 1 J-dnch deal, steps to winders, 
mitred to out string, and dovetailed to balusters, one end circnlar ; or both ends 
circular. The risers may be tongued to the steps ; or feather joint^ ; or of dean 
deal. 1 J-inch deal, wrought steps, risers, and strong carnages, S-inoh deal, 
wrought steps, risers, and strong carriages. Ij-inch Oak. treads and risers 
mitred to string and dovetailed with fir carriage (with solid quarter ends to atepa 
if reqidved), aleo curtailed step and riser (2187, st ssg.)t returned moulded cmd 
mitr^ nos^s, circular (if nteessaty), with out plain (a^ circular) brackets. 

Sousings to ends of stm and. winders, and the same to monlded nosings mnd.^ircular 
ends, are to be speemed. 
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String hoard$ to Haircasea to receive the ceilings of stairs (called strings). — 1-inch 
deal, framed ; or framed, rebated, and beaded. Ij^inch deal, framed string board ; 
or sank and bea'Ied. 1^-inch deal, framed string board, sunk, bca^d, and 
moulded; and mitred to risers, l^ineh deal, wreathed outside, string glued 
upright, rebated, and beaded; and sunk; and moulded. The string may be 
glued up in thicknesses ; and also plain or moulded circular cuttings or ramps. 

1- inch (or lj>inch ; or Ij^ inch; or 2-iDGh) deal, plain wall string; and these may 
be moulded. 

The principal staircase to have li-inch pitch ^ine (or other) treads, with rounded 
nosing and hollow moulding under same, and inch risers, glued and blocked to fir 
carriages ,* the ends of the steps to be housed into I J-inch wall strings, and 2-inch 
outer string boards, sunk and staff beaded, and finished at the top with a boldly 
moulded capping, framed at the bottom and corners into 6-inch square newels, 
with moulded finials, bases, and pendents, as drawing. Boldly moulded oak 
Aandrait, 4 inches wide and 6 inches deep, with l^-inch square oak balusters, stop 
chamfered. 

The landings to be formed by joists resting upon boldly moulded stopped beams, as 
shown on sections. 

' Handrails to staircases, — IJ-inch (or 1 J inch ; or 2 inch) deal, plain wreathed. 
These may be moulded ; as deal moulded 2j-inch handrail ; or 2 J-inch handrail, 
ramped (or circular where required) ; or 2|-inch handrail, wreathed and twisted. 
Spanish (or Honduras) mahogany (or wainscot) moulded handrail. To be de- 
scribed with all necessary ramps, circular and twist, or with scroll and twist to the 
curtail step. Mention if grooved for balusters, circular, or sunk for iron cores, 
mitred and turned caps. 

Halusters and newels. — Deal square framed newels ; or chamfered. Single and 
double turnings to newels to be mentioned, as also pendent drops, when used. 
Deal square bar balusters ; or dovetailed. Turned balusters, according to drawing, 
or selected from manufacturers’ pattern**. Planceer rounded on both edges ; or 
moulded. Fix all necessary iron balusters and stays. 

Sash frames of great variety. Deal cased frame for l^inch sashes, leak (or 
deal) sunk ITO with brass (or other) pulleys for single hanging. Ditto, for double 
hanging. Ditto, ditto, with circular head. Ditto, circular on plan (and with 
circular head). Deal cased frames for 2-inch sashes, oak (or deal) sunk sills with 
brofs pulleys for single hanging. Ditto, for double banging (and circular on head 
and plan, or either). Deal cased frames for 2-inch sashes, oak (or deal) sunk sills 
with wainscot (or deal) pulley pieces and beads, brass axle pulleys prepared to 
hang double ; and if circular on head and plan (or either). Deal cased frames for 

2- inch sashes, oak sunk sills, mahogany pulley pieces and beads with brass axle 
pulleys, prepared to hang double. Ditto, for 2J-inch sashes; and if circular on 
bead and plan (or either). 

V enetian frames, — Deal cased frames for 1 J-inch sashes, oak sunk sills, prepared to 
hang single (or double). And if circular on plan and head (or either). The 
above serves for 2-inch and 2j-inch sashes ; and if wainscot or mahogany. 
Casement frames for French casements, — Fir solid wrought frames for l|-ineh (or 
2-inch) casements, oak sunk sills (plain or circular on the plan, as the case may 
be). Ditto, with wainscot or mahogany stiles and beads, to correspond with the 
sashes. Ditto, for 2| inch sashes. 

Fanlight frames over doors,— Ij-inch deal frames, square framed. Ditto, semi- 
circular head. 2-iDch deal, square framed. Ditto, semicircular head. If 
elliptical, so describe them. 

Sashes, — Ij^inch deal ovolo (with circular head or circular on plan). 2* inch deal 
ovolo (ditto). 2-inch deal astragal and hollow (ditto). 24-inch deal astragal and 
hollow (ditto). These may be moulded according to drawing. The above maybe 
of wainscot, Honduras or Spanish mahominy ; aho to be hung single or double, 
with patent lines and iron (or lead) weights, and sash-fastenings latent to be 
named) complete. 

French casements, — 2-inch deal ovolo casements. They may have marginal lights, 

> or be circular on plan, or both ; or if with astragal and hollow. The same of 
2^inch, with the same modifications. The abov^ may be of wainscot, Honduras 
OT Spanish mahogany. The hanging is commonly with 4-inch iron, or brass, butt 
hinges ; the species of fastening at a price lirom five to twenty shillings* When 
Esp^olette fastenings are used, they must be particularly specified* 

^^fronts vary so much that their thiekseeses will only he noticed* They range 
from li to 21 inches; the forms of their horisoiital sections must be stated, or to 
Aie ezeonted according to the drawings* Met41 bars are now largely used. 
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For revolving wood or iron shuttered the partioolars of the maDufactarers had bast be 
obtained. 

8taU>hoard, and other shop-fittings, kc», of the like nature, are to be described with 
reference to the drawings, or to the menafacturer. 

The ceilings of the pnncipal rooms after they are plastered, to be divided into 
square panels about . . . feet square, by nailing thereon hollowed fillets 2^ inches 
by 1 inch (or more), neatly scribed at intersections, with staff beads 1 inch (or 
more) diameter, nailed along the centre of the same, mitred at intez^tions, and 
conveyed round walls as a comice. Care to be taken in laying the joists so that 
they may form nailing points for these panel ribs. 

Friezes am cradling for cornices should be referred to drawings, specifying their 
height. 

Skylights, — The common sort are, l^inch deal ovolo skylight (and hipped, and with 
cross bars). 2'iDch deal ditto (ditto). 2j^inch ditto (ditto). If astragal and 
hollow moulded ; or if of oak, to be specified. Small skylights are often made of 
copper or zinc. 

Kerbs for skylights. — l^inch kerbs to (circular) skylights in two thicknesses, 
bevelled and chamfer^. 2-inch ditto. 2j-inch ditto. These may be elliptical. 

CoacK-kouse doors and 2-inch deal, framed and braced, filled in with 2-iDch 

deal, and ploughed, tongued, and beaded. Ditto, filled in with battens. 2^inch 
deal, framed and braced, filled in with 1-inch deal, ploughed, tongued, and beaded. 
Ditto, filled in with battens. These are sometimes fill^ in with whole deal. 

2 -inch deal bead butt and square gates, in eight panels ; and bead flush and square ; 
and bead flush on both sides. These gates may have more panels ; or be framed 
with a wicket. A sum may be provided for the hanging of gates, and their hinges 
and fastenings may be inserted at imm 10/. to 10/., or even 20/. 

Doors. — For out-houses and the like: |-inch ledged wrought deal door; ditto, 
ploughed, tongued, and beaded. 1-inch wrought deal ledged, ditto. 1-inch 
ploughed, tODgued, and beaded. l}-inch wrought deal ledged, ditto, l^inch 
ploughed, tongued, and beaded. 1^-inch and 2-inch deal ledged doors are similarly 
described. These doors may be hung with H. or cross garnet hinges ; and have 
bolts, locks, latches, and o&er fastenings, as may be described. External doors 
with 4-inch cast or wrought butt hinges, and internal doors with cast or wrought 
iron 3 J-inoh butts. Water-joint hinges are useful for light outside flap-doors. 

For a dwelling house : the principal entrance door to be of deal l-J inches thick, 
framed flush, with V joints inside ; the exterior to be cased with J-inch oak boards, 
with moulded fillets over the joints, the same to return round the head, and to die 
at bottom on an oak rail, 9 inches deep, sometimes having sunk quatrefoils, &c. 
The door to be hung on wrought iron ornamental hinges to hooks let into the 
jambs (or screwed to frames); an S-inch rim lock and ornamental drop handle, 
escutcheon, and key-plate, and two 8-inch barrel bolts. 

The hack^ or side entrance^ door to be l^inch, framed, ledged, and braced, covered 
with |-inch wrought oak boarding with chamfered joints, nailed on with rose nails 
driven through and clenched ; hung on hinges and fastened with lock and bolts, 
similar to those specified for front entrance. 

The internal doors may be of the following varieties: — 1 J-inch four-panelled, with 
hollow on the room side, and }-inch diagonal V boarding next the bailor passage ; 
to be bung with fleur-de-lis or ornamental wrought iron hinges, made to clasp 
the door so as to show on both eides, and fastened with wrought iron latches and 
ornamental drop rings. 1 J-inch four-panelled, sqnare framed, stop chamfered, 

filled in with upright or diagonal V*Jointed boarding, and hung on hinges as 
previously specified, 

1- inoh deal 1 -panel square door. 1-inch deal 1-panel sqnare door, folding. These 
are rarely used. 

1 J-inch, 2 panels, square; and bead butt and sqnare ; and bead flush and square ; 
and moulded and square ; and bead button both sides ; and bead butt and bead 
flush ; and bead butt and moulded ; aod bead flush on both sides ; and bead flush 
and moulded*; and moulded on both sides. When hung fbldiiigy to be so 
specified. 

1 J-inch deal« S panels, square, follows in the same <»dsr« 

2nnch deal fbllowa in the same order. 

2J-tRch deal fellows in the same order. 
lj^-in<di dual, 4 panels, follows in the same order. 

2- inoh deal, 4 panels, f^ows in the same order. 

2J*luch deal. 4 |>aiiels. follows in the same order. 

If^ineb deali 6 pau^ fallows in the sama ovd^; and sq on* 
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If the panels of l^inch doors are raffled, or if double max^cal doors, so describe 
them. All the a^ve must be specified as to be hung folding, if the nature of the 
work so requires. 

Wainscot doors. — 1^-inch wainscot, 2 panels, square ; and bead flush and square ; and 
moulded and square ; and bead flush on both sides ; and bead flush and moulded. 
2-iDch waiuscot, 2 panels ; 2^* inch wainscot, 2 panels ; follow in the same order, 
l^-inch wainscot, 4 panels, follow in the same order, and may be moulded on 
both sides ; also 2-inch wainscot, 4 panels; and 2j-inch wainscot, 4 panels ; also 
2-inch wainscot, 6 panels ; also 2|-inch wainscot, 6 panels ; and so on. 

Wainscot sash doors. — 2-inch wainscot, with diminished stiles, lower panel moulded, 
bead flush, with astragal and hollow sash; or ditto, with astragal and hollow 
sash, moulded on both sides ; or 24-inch wainscot sash doors, diminished stiles 
lower panels moulded, and bead flush, with astragal and hollow sash ; or ditto, 
with astragal and hollow sash, moulded on both sides. These msy be hung 
folding, double margined, or moulded cn the raising. 

Mah^any doors, or best Spanish mahogany if required fof course now veneered) — 
» 2-iDch Honduras mahogany, 2 panels, moulded and square ; or moulded on both 
sides. 2-inch Honduras mahogany, 4 panels, moulded and square ; or moulded 
on both sides, 2-inch Honduras mahogany, 6 panels, moulded and square ; or 
moulded on both sides. 2^inch Honduras mahogany, 4 panels, moulded and 
. square ; or moulded on both sides. 2i-iDch Honduras mahogany, 6 panels, 
moulded aud square ; or moulded on both sides. These may be hung folding ; 
with projecting moulding; or with double margins. 

Mahogany sash doors. — 2-iuch Honduras mahogany, astragal and hollow, bottom 
panel moulded and square ; or bottom panel moulded on both sides ; or 2J-inch 
Honduras mahogany, astragal and hollow, 1 ottom panel moulded and square; 
or bottom panel moulded on both sides. These may be hung folding; or with 
double margin ; or diminished stiles. 

External doors. — 2-inch wrought, lodged, framed, and braced, folding (or other) 
doors, with stop chamfered, arched heads, stiles, rails, and bracfs, covered on tho 
outside with |-iDch wrought, tongued, and V jointed oak boarding, hung to solid 
oak frame (or on hinge-hooks let into stone jambs), with strong, heavy, wrought 
iron mediseval hinges, and fastened with best rim dead lock cased with oak, and 
a heavy wrought iron latch, with bold ornamental drop handle and plate, key-plate, 
&c., all wrought according to detail drawing (or a price to be stated for each 
article). The frames to be of oak, 6 inches by 4 inches, wrought, double rebated, 
stop chamfered, grooved, &c., tenoned into stone steps, and to have extra strong 
hooks on plates screwed to same. 

2-inch deal, 4 panels, the lower panels headbutt and squire, and the upper panels 
square both 8id#»s ; or the upper panels bead butt on the backs ; or the upper 
panels bead flush on tlie back. The panels may have raised mouldings. 

2 J-inch deal, 4 panels, the lower panels bead butt and square, upper panels square 
on both sides ; or bead butt on the back ; or bead flush on the back ; with perhaps 
raised mouldings. 

2-inch deal, 6 panels, lower panels bead butt and square, upper panels square both 
sides ; or bead butt on the back ; with perhaps raised mouldings. 

2|-iuch deal, 6 panels, the lower panels be^ butt and square, and the upper panels 
square both sides ; or bead butt on the back ; or bead flush on the back ; with 
perhaps raised mouldings, double margined^ &c. Describe any of these external 
doors, if to be hung folding, or with circular or curved heads. 

Sash doors. — l^ineh deal, 2 panels, square, diminished stiles, and ovolo sash ; and 
bead butt and square, diminished stiles, and ovolo sash ; and bead flush and 
square, diminished stiles, and ovolo sash ; aud moulded and square, dimiuished 
stiles, and ovolo sash ; and moulded and^ bead butt, diminished stiles, and ovolo 
sash ; and moulded and bead flush, diminished stiles, aud ovolosash ; and moulded 
on both sides, diminished stiles, and ovolo sash. 

2-inch deal, 2 panels, square, d^iuished stiles, and ovolo sash, in the same order. 
24-dnch deal, 2 panels, square, diminished stiles, and ovola sash, in the same order. 
All these may be hung folding, or with marginal lights. 

In describing ;joiner’4 work, specify the ironmongery to ^ used ; that is, the hinges, 
locks, faetemngs, and furniture. There is now great variety. 

Common framed 4-panel doors are usually hung with 8i^-inch butts and 7<4nch iron 
rim stock locks. Retter dbors are hung with 4-111011 iron or brass butts, mortise 
locks and brass knob furniture. Folding doors, if heavy, should have 4^ or fl-inch 
brass butts, and if necessaxy u> dear mouldings, tliey should jbe hung with pn>« 
jaeting brass butts, be provided with flush and other bdts, and mortise locks and 
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furniture. Doom of dining, drawing, and other rooms, where thej are required 
to clear the carpet by rising as they open, should have 4 or 4^inch rising joint 
butts. Closet doors have usually 3|-incU butts, with brass tumbler locks and keys. 
External doors require larger ^ks, which are usually iron rim locks, or patent 
locks and keys ; also 10 or 12-inch bright rod bolts, chains, staples, &e. Shutters 
have butts, which for the back flaps are of a less sise, and spring bar fasten- 
ing. Brass or other china kuots to the front flaps. Doors, mouldings, and 
joinery are now to be obtained of American and Swedish manufacture, as well as 
English. 


Mouiaed architraves to doors and windows, are described by their width and 
mouldings, or referred to drawings. 

Columns and pilasters. — ^Ij^inch (or l^inch)deal diminished columns, .... inches 
diameter. Pilasters similarly specitied. Both one and the other to be glued up 
and blocked. If fluted, to be mentioned ; as also any necking grooves to columns. 
Caps and bases according to the Order, or to drawing, carved, or of papi6r-m4ch4, 
as the expense will allow. 

Entahlaturea got out of deal, as to drawings To be glued up, blacked, and fixed 
with all necessary brackets and grounds. 

Water-closety fitted up with 1-inch clean deal (wainscot or mahogany), seat with hole 
cut therein, riser (panelled and moulded) and clamped flap (not always considered 
a necessity), square (or beaded) skirtings, with all requisite bearers and pipe- 
casing. Privies are described as to seats and risers the same as water-closets, 
but sometimes have a lid to coyer the hole instead pf a flap. 

Cisterns, internal and external, must have their cases proportioned in thickness to 
their sizes. Thus one about 3 or 8 feet 6 inches long, and 2 feet inches deep, will 
be IJ-inch deal dovetailed, with requisite bearers, and a cover of J-inch deal with 
a wood handle. For a good-sized external cistern, provide and fix a wrought and 
dovetailed 2-inch deal cistern case, . . . feet long, . , . feet wide, and . . . feet 
deep in the clear. Provide and fix all necessary bearers for the same, with all 
other requisite fittings, and a |-iDch deal strongly lodged cover, with saddle-back 
fillets and water channels at each joint. Each water-closet to have a cistern case 
of 2-inch deal, to contain 36 cubic feet of water, fixed with strong bearers, lodged 
cover of }-inch yellow deal tongued and beaded. All these cisterns are supposed 
to be lin^ with lead, or zinc. 

Sinks. — For a wooden one lined with load, IJ-inch dovetailed sink, enclosed with 
Ij^inch deal square-framed front (and perhaps sides), and top or door hung with 
3-inch butts, with deal or lead skirtings, and other necessary ironmongery. A 
proper drainer to be fixed at one side. 

Plate-rack for scullery to be provided over the sink, and of the same length. 

Path to be fitted up with riser, frame, and clamped flap (of the best Spanish 
mahogany), proviaed and fixed with all j^uisite bearers and other fittings and 
appurtenances. The flap to be moulded (in front), and hung with 3^inch brass 
butt hinges, and the riser panelled and moulded as shown in the drawings, or to 
follow the windows and doors. 

Dresser. — For a good house : — 2-inch deal, with cross-tongued top 10 feet long and 
2 feet 9 inches wide, supported on strong framed legs and bearers. 1-inch deal 
pot-board and bearers. Six 1^-inch sunk shelves, whose widths are to average 
7 inches. Back of the shelves to be of 1-inch deal, wrought, beaded, graved and 
cross-tongued. l-inch deal top, 14 inches wide, with moulded comice. Five 
drawers with bottoms and dovetoiled rims of |-inch deal. The fronts to be of 
1-inch deal, beaded. A pair of brass (or black) drop handles and a good patent 
tumbler lock to each drawer; together with all slides, runners, bearers, and other 
requisite appurtenances. To be fixed complete. Others firom 6 to 7 feet long. 

Dresser top for scullery, 1^-inch clean deal, 2 feet 6 inches wide, and 6 feet long, 
cross-tongued, and fixed upon strong wrought and framed legs and bearers. 

Cupiboard fronts to correspond with the doors of their respective rooms, hung on 
ornamental S* KL» or other similar hinges, fastened with small tumbler l^s, 
wrought iron key plateiL and small twisted or other drop, oy &ncy, handle. The 
fittings to closets depend upon the rooms in which they occur; as the attics, bed- 
rooms, nursery, sitting room, kitchen, housekeeper's room, store room, butler’s 
pantry. oock:’s room, &e. 

Dwarf closets. — ^Theae vary. 1 -inch deal, square framed and moulded iu front to 
follow other doors. The top to have l|-inch mahogany t^, moulded in front, 
and S-indi skirtings. One shelf, same depth as closet* xhe doors to be hung 
(foLding) with 24*L)^ butts, a bolt inside, a brass knob outside, and tumbler 
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Pipe eaeinge^ wrought and framed, to be prorided where neeesaaiy, to bdde lead 
and other pipes of all descriptions, the fronts to be made to unscrew for coming at 
the pipes when necessary. 

iMrder Jittinge, — Dresser top of clean deal, 1 J inch thick, 2 feet 8 inches wide, and 
. . , feet long, to be featner-tongued and fii|ed on strong framed legs and rails. 
Two meat rails, 6 feet long, of wrought fir, by 2 inches, suspended from wrought 
iron stirrups. A hanging shelf, 6 feet long, 10 inches wide, and IJ inch thick, 
suspended from wrought iron stirrups. 

Laundry. — To be fitted up with 1 J-inch clean white deal washing troughs, wrought 
two sides, and splayed and put together with white lead (as shown on drawing), 
IJ-inch deal ironing Ixiard, wrought both sides and clamped, hung with hinges to 
a.praper hanging stile. Provide two clothes racks, hung with pulleys and' ropes 
to the ceiling to raise and lower the same. 

Dustin. See BBiCKLAVEtt. 

Arris gutters to eaves should always be of zinc, or iron for better use, not of wood. 
Stable JittingSy where the old class of work is required : — 

Manners, fc, — 2-inch deal bottoms and l|-inch deal sides. Wrought oak manger- 
rails, 4 by 3 inches. Wrought, rebated, and rounded oak manger post, 6 by 4 
inches, wrought and framed with bearers thereto. Oak heel -posts, wrought, 
6 by 5 inches, and groove for partitions. Oak top rails, 6 by 4 inches, grooved 
and rounded at the top. Oak bottom rails, wrought, 4 by 4 inches, grooved and 
arris rounded off. l^-inch deal partitions, wrought on both sides, ploughed, 
tongued, and beaded. IJ-inch deal rails on each side, board wide, and the 
arrises rounded off. 

Pronts to hay-rachs. — Onk standard, 4 by 4 inches, wrought and fraired into oak 
bearer under the manger. l|-inch deal fronts, framed for the reception of cast 
iron hay-racks, well secured. Fix fir bearers and 1-inch deal partitions at each 
end of hay-racks, with fir arris rails 3 inches apart at the bottom of each rack. 
Pressings over stalls connected with heel-posts. 1-inch deal frieze, wrought joints, 
feather- tongued, and backings thereto, segmental sofites and keystone in centre 
of arches. Impost mouldings at the springings and moulded cornice to girt 
about 10 inches. 

Line the walls to the height of 5 feet with 1-inch yellow deal, wrought, ploughed, 
tongued, and beaded, with a |-inch beaded capping thereon. 

Stable fittings have now become an almost distinct trade. 

Oak fencing, — The site to be enclosed with an English oak fence, having oak posts 
6 inches square, 6 (or more) feet long, the lower end tarred and fixed in the ground 
2 feet, and well rammed round with dry ballast or brick rubbish, fixed 9 (or 10) 
feet apart, and framed with two tiers (or three) of oak arris rails secured with oak 
pegs. The whole covered with oak cleft pales 4 (6, or 6) feet high, nailed with 
galvanised iron nails. The bottom to be finished with 1 j-inch oak plank 12 inches 
wide, tenoned to posts. The top of pales to be covered with inch oak capping 
2 inches wide, secured with galvanized iron nails. Sometimes the fence fronting 
the public way is varnished, with two or more coa’s. 

Thr.— -Cover the , , . with cne (or two) coats of good Stockholm tar. 

Chwrchtk,^ To give ^neral directions for the specification of a church would be 
impossible. The principles of its timbering may be collected from what has pre- 
ceded. The old style of pewing,^ planned as drawings, of deal square-framed 
partitions two ^ panels high ; 1 ^-inch framed doors and enclosures one or two 
panels high, with stiles, munnions, and top rails 3 inches wide, and bottom rails 
6 inches wide. The panels of the doors and enclosures should not be more than 
a board in width, and the framework round them chamfered. The doors are hung 
with 3-inci^ butt hinges, and should have brass knob pulpit latches. Capping to 
the wfaole of the pewing, grooved and moulded according to drawing. Pew 
fttznge are, J^inch wrought and rounded seats, 12 inches wide, with proper 
bearers and l^-inch cut brackets not more than 3 feet apart. Seats rounded next 
the pew doors. Flap-seats in the galleries to have strong joints. All the pews to 
iiave ^inch book boards 6 inches wide, with -J-inch rounded capping taxers, 
and 4-inch cut brackets thereunder, not more than 2 feet 6 inches apart, and the 
ends rounded nent the pew doors. If there be an organs its enclosure would 
corraspond with the pews, or be specially designed for it. Free eeate of 
l^^ch d««l, as shown m the drawings j the seats to be 11 inches wide, rounded 
^ j framed with stiles, munnions, and rails, inches wide, and the 
st^ards, oads, and bearers, ac^ording^ to the drawing!. OlkUdM's sems to be 
Of It-mdi deal, with brackets same thioknees, not more than 2 d inohe! 
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Ej^aort; at' least 8 inches wide, and the flap seats, where they dccnr, to be hung 
with strong butts. Pulpits and reading desks are uenahy of l|~inch deal, framed 
according to drawings, with l^inch doors, buoff with * brass hinges and pulpit 
latches. Whole deal floors on bearers, l>inch booh boards, cappings and bearers. 
1-inch clean deal or wainscat steps and risers, moulded returned nosings, IJ-inch, 
beaded, sunk and cut string hoards, strong bracketed carriages. 1-inch square 
framed soflte under piUpit floor and stairs, mahogany or wainscot moulded hand- 
rail, with ca^ turned* and mitred; square bar balusters with one in ten of iron ; 
turned newels to block steps; seats of 1^-inch dfal, 18 inches wide, and proper 
bearers thereto, together with all appurtenances and requisite flttings for executing 
the drawings. This exploded manner of fitting up a place for religious worship 
is well delineated in T. L. Walker, Architectural J^actieet 8vo., Londoi^ 3rd 
edit., 1841. The details may be occasionally useful. 

For more modern work may be specified : — The whole of the seating throughout 
to be formed as detail drawings, of good, well-seasoned English oak (or otherwise), 
to be wrought, chamfered, and sloped, or moulded and cut, as shown or required ; 
to be carefully framed and put together. The bench ends to be (at least) 3 inches 
thick, tenoned and pinned to the chamfered oak sill. The backs to have solid 
moulded oak capping. The seats to be 1|- inches thick, and the book boEirds to 
be 2 inches thick (fixed fiat or sloping), edges chamfered ; all to be well housed and 
cut into bench ends. Fix cut brackets, not more than 4 feet apart, under the 
seats ; and cut brackets, not more than 3 feet apart, under the book boards. All 
the seats to be kept clear of the piers (if any). See par. 2192a. 

The carpenter and joiner is to provide and include all such jobbing work, in follow- 
ing or preceding the other artificers engaged on the works and their appurtenances, 
as may be requisite for the completion thereof in every respect. 


Founder, Sboth, and Ibonmonoeb. 

1286. Cast iron girders and cohimns. Reference must be had to Chap. 1. Sect. X. (lC28s 
et seq.)^ wherein will be found the method of determining their samtlings ; all 
girders to be previously tested before fixing, by weighting at the foundry. 

Cast iron oradtes^ when used for openings, must be described for the particular 
occasions as they occur. 

Chimney 6ars.— To kitchen chimney two wrought iron cradle bars, each 2 inches wide 
and I inch thick, long enough to extend to the outside of the chimney jambs, and 
turned up and down Tor cocked down and up) at each end. The other openings to 
have each a wrought iron chimney bar 3 inches wide and ^ inch thick. 

Straps, stirrup irons, nu/s, Itolts, screws, and washers, together with all other wrought 
iron work for the roofs and partitions, to be provided as may be requisite, and the 
smith is to deliver to and assist the carpenter in fixing or attaching the same. 
Where the quantity is uncertain, a given weight beyond the above geacral direc- 
tion should be provided in the contract, such part thereof as may not be wanted to be 
deducted from the accounts after the rate of . . « per cwt. To provide for the carpen- 
ter's and joiner's works, and use, and fix thereto, all requisite spikes, nails, screws, 
and other proper iromongery, and all requisite brass work, all to be of the very 
best quality. 

Cramps of cast, and wrought, iron, or copper (par. 2284c?), as may be directed, for the 
mason ; the former to be used where the works are exposed to the air. 

Wrought iron door for strong room or opening in a party wall (it may be folding) to 
be of the bust quality (name the manufacturer), with hinges and proper fastenii^ 
of the value of . . . pounds, without fixing. 

Cast iron sashes as necessary. 

Wedges for underpinning must he described with reference to the thickness of walls 
they are to catch ; each pair must be at least as long as the wall is thick. 

Balusters to a hack stone staircase and landinas. — Wrought ifbn balusters, ) inch 
square, with turned wrought iron newel equal to 1^ inch diameter, with rounded 
handrail of wrought iron H by j inch. The balusters and newel are to he ri^veted 
into the handrail at top, and at the bottom let into the stonework, and run with lead. 

Balusters to a principal staircase. — Ornamental cast iron balusters, as shown on the 
drawings, or to pattern by a mannfacturer, with top rail of wrought iron 1 J by 
j^an inch, let into and firmly screwed to the mahogany ^or wainscot^ haud^il. 
The balu tars and newels are to be riveted into the iron rail, and fUt^ tae bottom 
they Era to be let into tbe top or side of the stonewoi^ End run with lead. 

Balusiers qf wrouahi iron for strengthening the principal staircase when of wood, 
tenth baluster to be of wrought iron, well securecL 

flCikwjbr^PrDvids jand fix , . . iron, or brass, knocker for . . . dow {specify a prioe). 

3 D 2 
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Air bricks of cast iron, single or double, and fixed in the Iwrickwork of the outside 
iwills, for the ventilation of the floors; also mr gratings^ . . • in number, 9 inches 
square. 

Area gratings. — Of cast iron, with bars 1 J inch hy } of an inch, and not more than 
l^inch apart Frames inch by 1 inch, and with strong flanges to let into the 
surrounding stonework, and properly fixed. 

Window guards y of wrought iron to the windows of . . . , and . • . bars, to be 1 inch 
square and 4 inches apart, with framework of iron of the same substance, and let 
well into and securely fixed to the brickwork in cement. 

Coal plates of cast iron, with proper fastenings, to be provided to the coal shoot. 
Hayward’s patent self-locking plate is one of the new patents. 

Cast iron ornamental railingy to the windows, or to the balcony in front of the house, 
as the case may be, according to the drawings, or selected from a manufacturer. 

Traps of cast iron, or stoneware, to all communications of surface water with drains, 
to be of appropriate size, with all gully gratings that may be necessary. 

Drains to roads or paths to be of un^azed earthenware pipes, in 2-feet lengths, of a 
. . . inch bore, laid to a fall of . . . inches in each 100 feet into . . . , with all neces- 
sary bends, junctions, &c. Iron gully trap or glazed stoneware trap, or traps, 
jointed as drains. 

The Kitchener apparatus for cooking must be specially nanied ; and in large man- 
sions many modern conveniences are required to be specified. The Carron Com- 
pany have issued (1887) a book of appliances of various sizes. 

Copper . — A copper, . . . inches diameter (or cubical quantity), of copper, or of gal- 
vanized iron, with all requisite bars and iron work. 

Stable fittings. — No. . . csst iron hay-racks, 3 feet wide and 2 feet high in the clear. 
Ij-inch round staves, about 3 inches apart, the frames 1 J by j of an inch, with 
the arris rounded off next the staves. Fix two manger rings in each stall. 

Cast iron coping to the walls of the dung-pit | of an inch thick, and returned on each 
side 4 inches down at the least. 

Cast iron gratings to stable yards are usually described as of the weight of 1 cwt. 


Church and Chapel wobx. The founder’s, smith’s, and ironmonger’s work is so de- 
pendent on the design, that no general instructions can bo given. 

Cast iron saddle bars to the windows f by Ij- inch (or ^-inch square), 12 inches 
longer than the clear width of each window, with lead lights, laid into and worked 
up with the brickwork, at the height shown on the drawings, to be fixed on an aver- 
age 3 2 inches apart. 

Eacn window to have wrought iron framework for a hopper casementy to be fitted up 
complete, with patent lines, brass pulleys, and all other requisite appurtenances. 
Or tne hoppers may rest on the sill, and be hinged next to it, so that when closed the 
exterior glazing may be flush, and to be fitted with opening racks and fastenings. 

To outside of windows, where necessary, fix 1-inch square stanchions, not more than 
6 inches apart, with ornamental heads forged to drawing, let into (frames or) stone 
sill at bottom, and passed through saddle bars with mortises formed thereon. 

For church windows with tracery headsy provide and build in across the springing of 
the arch of all windows of 3 lights and upwards, wrought iron bars 2 inches by 
^-inch, corked, and well turned up 2 feet from jambs, on each side ; these bars to 
be well ^Ivanized, and fixed with play for expansion or strain, in notches through 
the mnllions. 

All straps, bolts, nuts, and washers for the various roofs. Where visible, the straps 
are to be worked to detail drawings ; and the washers and nuts to be notched and 
stamped as directed. 

Wrought (or cast) iron vanes, crosses, ridge cresting, guards to areas, balconies, &c., 
according to drawings ; all to be securely fixed ; the vanes and gable crosses to 
have stems as long as possible, and to be leaded into the stone or screwed to the 
roof timbers, as the case may be. 

Ornamental wrought iron hinges, latches^ key-plates, closing rings, dec., on doors, all 
to be strictly worked according to detail drawings. 

Ornamental grating of cast iron to pattern, to cover hot water pipe channels in floors. 


Cast iron rain-water pipe.— To be 2J, 3, SJ, 4, 4j, 6 or 8 inches diameter, fixed from 
the roof into the drain, with proper head and shoe, ears or bands, &c., complete. 

Eaves gutter . — All overhanging eaves to have a 4-inch cast iron eaves gutter, with 
all necessary angle pieces, valley pans to internal angles, swan-necks, and socket 
pipes cast on the gutter to lead into heads of rain-water pipes. The gutters to be 
on strong wrought iron brackets screwed to the feet of the rafb^ and the 
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joiota to be crewed together and bedded in red lead patty. Bectangul^ rain- 
water down pipes are frequently used, with ornamental ears or bands. 

Newall’s for other) copper wire with point, properly eecnr^, 

to . . . (the highest portion of the building), and brought down with all requisite 
insulators ; the end to be carried into the earth for a depth of 8 feet from the 
surface ; and all to be carefully fixed. See par. 2264>ir. 

PlASTERBR. 

2287. Lath^ plaster^ float, and sei all the ceiliogs, also the strings of staircases, and the 
quarter^ partitions on attic stories. 

Bender, float, and set all brickwork in attic stories. 

All sides of the kitchen offices and office passages to be plastered with best floated* 
rough stucco, lathed where requisite. 

All the remainder of the sides of the interior throughout is to be executed with the 
very best floated stucco, lathed where requisite. Stucco of offices (or office build- 
ings, if any) to be finished with rough surfaces ; all the rest of the stucco to be 
trowelled quite smooth. 

All the arched, groined, panelM, and cofifered work, and the bands and architraves, to 
be executed in gauged stuff, in the best and most accurate manner. 

To run cornices in plaster round the several rooms, lobbies, passages, and other parts 
of the building, with enrichments thereto to be accurately modelled in accordance 
with the drawings (the enrichments may be of papier-mdch6). An ornamented 
rose or flower to the centre of the ceiling of each room on the ground (and one- 
p^ir) floor, securely fixed. Those of papier-m^che can be easily screwed to the 
ceiling joists. 

Skirtings to basement or ground story (or both) are to be run in cement round all 
the rfK)ras, lobbies, passages, &c., 10 inches high, 1 J inch thick, whited when soft, 
and finally washed of stone colour (or painted). 

All necessary beads, quirks, and arrises', all internal and external reveals to be 
stuccoed ; dubbing out where the work may require it, so as to bring out all extra 
thicknesses and projections ; and counter -lathing the work over large timbers and 
elsewhere, to be done as may be necessary. Enrichments to be carefully trimmed 
and finished off, and where heavy leaves or embossed work may require it, to bo 
screwed with strong copper screws. 

Lathing throughout to be lath-and-half heart of fir laths, free from sap. 

If the walls of a ohurch are to be plastered, the stone jambs to windows and doors 
are usually specified to project one inch beyond the face of wall, so as to form 
a stop for plaster, and afterwards cleaned off and left flush. 

Lath for, and plaster to, the spaces between the rafters (unless the boarding is in- 
tended to be left visible). 

To stucco in the very best manner with .... cement, jointed to imitate masoniy, 
the whole (or part, if such be the case) of the exterior of the building, with 
columns, pilasters, plinths, entablatures, strings, mouldings, labels, jambs, reveals, 
chimneys, chimney moulds, decorations, enrichments, and appurtenances of every 
kind, as shown on the drawings and profiles. Such work to be subject to further 
instructions from the architect ; to be roughly coloured as each portion is executed, 
and finally coloured with weather-proof colouring, fixed with proper ingredients. 
Decorative chimney pots, of cement, and of the value of ... to bo provided for 
each flue. 

Bugging. — To fill in upon the sound boarding between the joists, where so provided, 
with good lime and hair pugging mortar, laid throughout at least 1 inch in 
thickness. Far. 2247. 

Boughcasting. — For the mode of describing this, see Plastering, Sect. IX. (2249.) 
Martin's cement, if used for walls and partitions, is to be laid in Martin's coarse 
cement and clean washed dry sand, I of cement to of sand, floated and set 
with pure Martin's fine cement } inch thick. A skirting to be 9 inches high, 
dnbbed out with tiles in cement, and run as above described, finished on the top 
with a . . • moulding, • . • inches in girt, mitred at angles. Beveals to be run 
in pure Martin’s fine cement. For floors, equal parts of coarse cement and sand, 
beaten down and keyed } thick, and fini^ed with a coat of pure Martin's cement, 
and bronght to a fine surface. 

Keene's patent cement, — ^Brickwork to be rendered with . . . cement and clean 
sharp sand, in proportion of 9 to 1, and to be laid and set with Keene's patent 
fine marble cement, highly polished. Paving to be formed of 3 inches of concrete, 
laid with Keene's patent coarse marble cement ins, thick. Skirting will be the 
same as to Mwtin's cement. 
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• ' JPorian (itment.—To be laid with coarae quality Parian cement and dMn ehaip Mnd 
in equal preportione, and set with fine white Paiian, highly poIishM. 

■ Portl^ wJUiT-Eendering to walls, in jproportion of 1 of ^ 

sharp grey sand Drawn and jointed to form blocks (state size). For rough 
the proportion may be 1 of cement to 9 of sand. 


. Plumbbs. 

‘2288. triie fats and mUters to be laid with milled lead of 6 (7 or 8) lbs. to the fbot 
superficial. Where against walls, to be turned up 7 inches ; where against slopes, 
as rafters, to turn up 10 inches. Bolls not to exceed 27 inches apart. ^ 

Flashings of milled lead to the walls of 4 (or 6) lbs. to the foot, to be worked in 
the wall, and to turn down over gutters and flats. Where flashings a<y oin the 
slopes of a roof, they should be described to be formed stepwise into the brick- 
work, and of an average width of 12 inches. 

Hips and ridges to be covered with milled lead 6 lbs. to the foot, and a^ least 
18 inches wide, well secured with lead-headed nails. 

Eaves gutters. — To put round the eaves at the curb plate 4-incb iron (or zinc) gutteiv 
ing, fixed complete with bands and brackets, with iron (or zinc) down pipes, . . . 
inches diameter, with neat heads and appropriate shoes, and let into the gutter, 
syphon trap, or drain. 

To flx . . . stacks of rain-water pipes (if to be of lead) from the gutters to the drains, 
of (6) inches bore, turned up from milled lead of 8 lbs. to the foot superficial, and 
securely fixed with ornamental cistern heads, as shall be approved by the architect, 
and 2-inch strong overflow discharging pipes. Similar description for conveying 
water from the roof or flat of a portico. 

Hoses pierced with holes of sufficient size to be provided of 10-lb. lead to rain-water 
cesspools, and pipe heads. 

No pipes but of lead or zinc should be used against stone buildings. Cast iron pipes 
should only be used to offices. 

Homes should be covered with lead from 6 to 8 lbs. to the foot superficial, according 
to their size, and must be well secured with proper seams or rolls thereto. 

Tops and sides of donners to be covered with 6-lb. milled lead, turned down all 
round full 8 inches. A flashing of 5* lb. milled lead, 30 inches wide, to be fixed 
over the sill of the dormer door or window, as the case may be. 

Aprons of 6-lb. milled lead, and 10 inches wide, should be described to sky-lights. 

Eternal motddings of wood may be covered with 6-lb. milled lead, to turn up 
6 inches, and to have flashings of 4-lb. milled lead let into the brickwork, and to 
' ' be turned down 6 inches. 

In London, it is usual to specify that the water supply should be laid on fqr the 
service Of the house in following manner (regulating cisterns are required by 

some companies) : — Lay on water from the main of the Company with 

J-inch strong cast lead pipe to the cistern of the upper water-closet, with ball-cock 
complete. Similarly to lower water-closet and to such other cisterns as are 
provided, with ball-cocks, &c. complete, and to pay all official fees. 

Line the sink in the scullery, and in the butler^s pantry (and other small ones, if 
any) with 6-lb. milled lead, and fix thereto a 2-inch waste pipe, with brass bell 
trap complete, to be carried outside on to cr under a grating, and so into the 
drains. (Another to each for hot water.) 

Line the kitchen cistern with milled lead, bottom 9 lbs. and sides 6 lbs. to the foot, 
with all soldering thereto. To provide to the same a 1 J-inch waste pipe. Line 
the kitchen sink with lead of 8 lbs. to the foot, to turn well over the woodwork 
and to have a 2-inch strong waste pipe to lend into the drain, with brass bell 
grate complete. A J-inch service pipe and brass cock to be provided from the 
cistern for supplying water to the sink. (Another for hot water). 

Water-closets to be constructed and fitted up in every respect complete, with . , , 
basin, and the very best patent valve apparatus. Soil pipe of 4 J-inch bote out of 
8-lb. lead, to lead into drain with strong . . .• trap ; lead service box, 10 inches 
by 7, and 6 inches deep, of 10-lb. milled lead; 6-lb. lead safe under pan, wi^ 
2-inch swan-necked waste pipe. 1-inch supply pipe to the basin, and all otW 

, pipes, wires, cranks, handles, and other proper fitments. Ihe cistern is to be 
lined, bottom with 8-lb. cast lead, and sides with 6-lb. milled lead. l*J-inch 
waste pipe, to be carried outside, with washer and waste complete. (See par. 2220 
for modern contrivances). 

Ji^ericr waier-oloaete to be provided with stoneware syphon pan, with water laid on, 
and in all respects to be fitted aomplete, to modem requirements. 
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Provide all eteneh-trape, syphon-trape, and other eimilar contrivanees as may be 
naiRed, udiMre tbe pipes are to commanieate wi th the drains. 

Cold bath. — . . . feet . . . inches bath, if of copper of 16 dunces to the foot 
supe^cial, tinned on the inside, and painted in japan to imitate marble, or as may 
be directed. Lay on the water with strong l|-inch lead pipe, with brass cook, 
and fix 2^-inch strong lead waste pipe, with brass washer and plug, thereto. 

Jf the hot bath be not of marble (as before stated, see Mason), the following clauses 
will describe the several positions and varieties of the boilers by which a supply 
of hot water is obtained in the present day : — 

I. Provide a Tylor and Sons* 6 feet 2 inch taper oval-end copper (or galvanized tinned 
iron) bath, white marbled inside, with copper pipes, mounted in wood cradle, with 
1 ^inch deal framing, panelled, with French polished Honduras mahogany top. Three 
of Tylor and Sons* inch roundway bath taps, S.B., with socket keys and handsome 
levers, hot, cold, waste. A Tylor and Sons’ patent bath boiler, with stove front to 
fit opening of fireplace, with doors and damper (no setting required). Inch lead 
pipe from cold water cistern to boiler, |-inch lead pipe to relieve boiler up to and 
turned over top of cistern (or any convenient outlet). Inch lead pipe for hot, cold, 
waste, and overflow pipes to bath. Lead safe with waste under cocks, and leave 
the work perfect ; as estimated, at 891. Os. 9d , exclusive of carriage and any brick- 
layer’s, plasterer’s, or carpentelf's work, cutting away for pipes and making good, 
fixing bath framing, and graining and varnishing it. A galvanized tinned iron 
bath is 6/. less. 

II. Tylor and Sons’ 22-gallon copper chimney boiler, with wrought iron band, with 
bolrs and nuts to carry ditto, and stove front to fill up opening in fireplace, 
with sliding blower, revolving damper, soot door, and bars; as estimated, at 
38^ Os. 9d. 

III. Tylor and Sons* copper saddle boiler with unions, a stove front to suit ditto, 
with sliding blower, revolving damper, soot door, and bars. A galvanized wrought 
iron cistern, close top, with manhole screwed down, to be fixed with two linos of 
inch wrought iron pipe from boiler to hot cistern, inch ditto to supply cold water to 
hot cistern, |-inch ditto to relieve hot cistern, inch hot, cold, waste, and overflow 
pipes to bath, &c. ; as estimated, at 471. 4s. 3d. 

IV. Provide a 5*feet (larger or smaller, as deemed necessary) strong best make Im- 
proved kitchen range, with strong wrought iron back boiler with close top, wrought 
iron oven, and lino fireplace with panelled covings. A galvanized wrought iron hot 
water cistern, &c . ; as estimated, at 61^. Ss. 9d. 

V. The range fitted with two boilers, one for the bath, the other for domestic use ; 
where a fire is kept sufficiently large to work two boilers, they are recommended. 
Estimate 4l. extra to No. IV, 

VI. A range with partially closed fire instead of one with open fire. 4l. Ids. extra 
to No. IV. 

VTI. Tylor and Sons’ 22-ganon copper dome-top boiler, with furnace iron work, 
doors, bars, and damper, and continue as No. I. This boiler may be fixed in the 
basement, and will supply s hot bath in any apartment below the level of the cold 
water cistern. As estimated, 43^. 15s. 8d. 

Note. In I., the bath and boiler may be fixed in the same or separate apartments ; 
open or close fire at pleasure. All the estimates are framed presuming on a cold 
water cistern and a rain-water pipe, or a drain, being within 10 feet of the room. 
In m., the hot water cistern is placed over the fireplace in the room. In IV,, the 
hot cistern is supposed to be 26 feet above the boiler. In VII., the cold cistern is 
supposed to be 26 feet above boiler. The waste pipe from the bath to the drain 
should always have as great a fall as possible, and never be laid to so small a fall 
as allowed by placing it within the depth of the floor. 

Common pumps are generally described as 3-inch pumps, with neat cast iron casai, 
fixed complete, with proper lead suction pipe to bring sufilcient supply of water 
from well into the cistern, and all other appurtenances. The manufacturer’s stock 
to be seen if others be required. Where water is not laid on, as in London, fix a 
S^-inch lifting engine pump, with brass barrel ; and provide from the well . . . 
feet of l^ineh strong suction pipe; with service pipes to the cisterns, and all 
cocks and joints that may be necessary. 

Provide all copper and kino nails that may be wanted for laying the metal works. 

Provide in the contract . « . cwt. extra of milled (or other) lead, including labour 
and all proper materials as may be wanted and directed by the architect ; and if 
the same or any port thereof should not be used, a deductipn to be made for ^e 
eame ob making up the accounts, after the rate of . , , per cwt for such portion 
thereof as shall not have been used. 



TTd 


THEORy OF ARCHITECTURE. 


Book IL 


OxASXIB. 

2289. All the windows to be glazed with best crown glass ; the offices with second 
crown glass. Tc glaze all the front windows with best sheet glass ; or with best 
flatten^ sheet ; or with patent plate ; or with British plate ; as the case may be, 
and according to the weight sp^ified. For varieties of glass, and glass for other 
purposes, see Chap. II. Sect All., par. 1870 et The architect often names 
the manufactory or firm from whi^ the glass is to be procured, to ensure the 
proper quality being supplied. 

All the glazing is to be properly bedded, stopped in, sprigged, and back>puttied, the 
convex side outwards (of crown and sheet glass), to be free from specks, blisters, 
or other blemish ; and to be left whole and clean, on the works being rendered up 
as complete. ^ 

Glaze all the windows (of the ohureh) and tracery heads (if any) with quarries and 
borders in strong church lead | inch wide The lead to l>e secured to the saddle 
bars and stanchions with strong copper wire, soldered to lead, and securely 
twisted round the saddle ; the glazing to be properly cemented, to be let into the 
grooves of stonework, and neatly pointed with lime and stone dust. 

The glass to be Powell’s quarries, or Hartley’s patent rough cathedral glass, A inch 
thick. The quarries to be of one tint, and the borders of another tint (as for 
instance, green and yellow). 

Skylights and windows, in exposed situations, where much light is not required, may 
be glazed with Hartley’s rough plate glass, J inch thick, or less. 

Water-closet and similar windows (where privacy is desired), with Hartley’s patent 
rough plate glass, ^ inch thick ; with fluted glass ; or with diapered ; or with em- 
bossed glass. 

Enumerate any windows to be glazed with ribbed, enamelled, embossed, or stained 
glass. 

Provision to be made in window sills and skylights (where practicable) for convey- 
ing condensed water to the exterior of the building. 

Pauttbr. 

2290. Knot (with silver leaf in best work), pumice down, and smooth, stop, and 
otherwise p£ttM|y prepare all the wood and other works intended to be painted. 

Paint four titfliP^ till they bear out), with the best oil and colour, all the internal 
and external wood and iron works, all the stucco, and all other works that are 
usually painted. The plain painting to be of tints of brown, drab, or stone 
colour, as may be directed. 

The walls of the principal staircase, lobbies, and entrance-hall are to be carefully 
executed imitations of marbles, as directed by the architect, jointed like masonry, 
in blocks of sizes as directed, and twice varnished with the best copal. 

The doors, shutters, dadoes, skirtings, boxings, architraves, and other dressings on the 
ground and one-pair floors (and others, if required), are to be grained in addition 
wainscot (or other wood, as may be specified), in an artist-like manner, and sized 
and varnished twice with best copal varnish. 

Some of the mouldings of doors and shutters may be gilt. 

All the wrought woodwork (except the floors, and the work executed in oak) to be 
stained with . « . stain, once coated with linseed oil, and twice varnished with 
the best copal varnish. Or, if the deal has been picked, it may be left plain, and 
only varnished. Or, if selected with much care, the deal and pine may be 
polished. Inside oak work is best left to obtain an effect by use, but where im- 
mediately desirable, it may be once or twice oiled. 

Pick out the ornamental ironwork on doors, roofs, screens, &c., in black or dark blue, 
A pattern or diaper is sometimes done in gold leaf upon it. 

To fiat extra, of such tints as may be directed, all the rest of the stucco work and 
wood work on the principal and one-pair floors, 

JHstemper the ceilings (or as follows) : — 

The ceilings and cornices on ground and one-pair floor to be painted four times in 
oil, and flatted and picked in with such extra colours as may be directed. 

The ceilings (and perhaps the cornices and centre flowers also) on the two principal 
floors to be distempered. All the rest of the ceilings, strings, and mouldings are 
to be whitened. ’ 

The sides of the rooms in the attic (as the case may be^ story, as well as the 
lobbies, dosets, passages, &c,, are to be finished of such tints as the architect 
may di^t, 

BtabUa and coaeh-house walls, larders, and seullerieSi cellars, inclnding vaulting under 
•ides of floors where open, to be lime-whited. 
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2290a. Pazntbb. , 

Saahes to be finished ou the outside of % • . colour. 

To a churoh : Stop with coloured stopping, twice oil with linseed oil, and twice 
yamish with best copal Tarnish, the exterior doors and firamss. 

Stop with stained stopping, and knot with coloured knotting, the wrought wood- 
work of ^fs; brush the whole twice with boiled oil, and once varnish the 
same. Pick out the chamfers and mouldings in roofs with yermilioD, cobalt blue, 
chocolate, pale yellow, and white, in two oils, and stencil patterns theremi, 
according to drawing. 

Deal seats, or benches, are to be knotted with stained knotting, stained with • • • ^ 
stain (approved by the architect), and twice varnished with tackless varnish. 

To French polish in the best manner the handrail of the staircase, the mahogany 
work of the bath and wateivclosot, and other parts (if any). 

All paint and varnish to bo of the best quality ; sizing and mineral turpentine wi^l 
not be allowed. 

Papebuakqbb. 

2291. To prepare and bring to a proper face all the walls and surfaces intended for 
papering. All the papers are to be approved by the architect, or by his client. 

To hang with figured paper, value . . . per yard (or per piece) the rooms (to bo 
described) on the . . . floor, with borders (as may be desired). 

The remainder of the rooms to be hung with paper, . . . per yard (with or without 
borders). 

Where satin paper is to be put up, or any of the more expensive descriptions, then 
to underline (or lino the walls) with lining paper, joints rubbed down, and hang 
with . . . paper of , . . shillings per piece, the rooms on the . . . floor. Borders 
also, if thought desirable, must be specified. 

The entrance passage or hall, staircase, and landings, up to . . . to be papered with 
Siena marble (or other) paper, value . . . per yard, hung in blocks, or hung 
horizontally and lined to size blocks with brown lines (or bla<flc pencil), twice 
sized, and varnished (once or twice) with best oopal. 

A f-in(^ gilt . , . moulding to be fixed with needle points round the dressings, and 
along the top and bottom of the . . « room (or rooms). 

Bellhanoeb. 

2292. [Bells to be put from the following places ... to the several positions marked 
for them. A 14-oz. bell and « . . oz. copper wire, brass cranks, and • . . spring 
lever and rose. 

The pulls in the principal rooms to he bronze or iron lever pulls of medieeval charac- 
ter, and veiy strong ; the wire of strong copper ; the cranks to be best born cranks. 
Floor boards over bell wires to be screwed (not nailed) down, for ready removal. 

Put J-inch zinc tubing for the concealment and casing of the wires to the bells, 
secured by round flue galvanized iron hooks. The bells to be hung and furnished 
with strong brass X -plate back and spring lever carriages. To be hung on a }-inch 
wrought and beaded deal board, secured to wood bricks (or strong wedges) by screws. 

The front (and side) entrance door (or yard, or gate) to have bold pendant mediseval 
wrought iron pull, according to detail drawing, or to be selected. 

It is usual to mark the place, both up and down stairs, where the bells are to b^ 
hung. Where many hells are fixed together on a bell board they are sometimes 
described to be so tuned as to form a musical scale. They are also to be numbered ; 
sometimes the names of the several rooms from whence the bells are pulled are 
painted on the board under the bell. 

The electriOf and the ^eumoUiCt bell system will somewhat depend on the patentee 
selected. The following specification for a twelve-roomed house is taken from 
Henry F. Joel and Company's Illustrated Catalogue, No. 3 : — 

To providing and fitting the following system of bells : — 

Ground floor. Front entrance. One ornamental bronze pull, marked Vimtors,** 
fixed by the side of the door, to ring and indicate in kitchen. 

Tradesmen’s entrance. ()ne plain bronzed pull, fixed by side of the door, to 
ring on a separkte bell in kitchen. 

Dining-room. Two black and gold porcelain pushes (or walnut wood), fixed 
one on each side of the fireplace, to ring and indicate in kitchen. 

Drawing-room. Two ivory and gold pattern porcelain piuhes (or polished brass), 
^tto, ditto. 

Library, Two blade and gold line porcelaiD pushes (or oak wood), ditto, ditto. 

HalL One black and ^Id line porcelain purii (or oak wood) to ring on ** Call ” 
bell in (or outside) the servants’ Bedroom, Also one 8-way pneumatic 
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2292a. Bbixhakobb. 

switch to change the front entrance bell at night» so as to ring on Call ^ 
< bell in (or outside) the serrants* bedroom. 

FirH floor^ J^st bedroom. One bed-head pull, fixed by the side of the bed, to 
ring and indicate in the kitchen. One bed-head poll, fixed on the other side 
of the bed, to ring a ** Chattering call * bell in servants' bedroom (same beU 
as used for the h^l). 

Pressing^room.^ One ivory and gold line porcelain push, fixed by the side of 
the fireplace (or by the side of the door), to ring and indicate in the kitchen. 
♦ . Two other bedrooms. Ih each room, one plain ivory porcelain push, fixed by 
the side of the fireplace, to ring and indicate in kitchen. 

Bath-room. One plain ivory porcelain push, to ring and indicate in kitchen. 

Second floor. Two bedrooms. One plain ivory porcelain push in each, to ring and 
indicate in kitchen. 

In all eighteen bells, the switch being taken as one bell. 

GASriTTBB. 

2293. The gas to be laid on from the , • . company’s main to the . . . with (or 
to 3) inch patent strong galvanized wrought iron welded tubing of the . . . diameter, 
jointed in iron cement, with all necessary bends, elbows, tees, crosses, junctions, 
stopped ends, diminishing sockets, and nipples, and other necessary joints for the 
rendering of the whole perfect and complete. The whole to be secured by iron 
barrel clips or hooks, as the case may require, secured by strong screws. The 
gas tubing to be stout i (|, J, or J) inch composition pipes, soldered at joints and 
secured by fine hooks, furnished with the requisite galvanized iron (or brass) 
bends, &c., jointed in iron cement. This tubing is often laid in iron. 

Stop cock to be supplied. A meter of . . . value to be provided and fixed on 1-inch 
wrought clean deal shelf, supported on a pair of plain iron brackets (or one of 
cut deal). 

Gasaliers, pendants, hall lamp, standard, brackets, sun-light, and such like, must 
depend on the client and the manufacturers. 

Each of the principal rooms to have a pendant corona (or other gasalier) of . . , 
lights, value . . a. each, fitted with balance weights and a ball and socket joint 
(or fitted with the patent balance around the pipe). Bronzed (or brass) bracket 
burners (swing or armed) in passages (or where else required), value • . each, 
complete, to approval. 

Church lights are of (wrought iron, bronze, or) brass standards, coronae, brackets, &c., 
according to their situations, for gas or for candles (specify value of each). 

All lights to be fitted with argand, fish-tail, batswing (or other / burners. Ground 
glass, or fibred glass globes, where stated, are sometimes included by the 
architect. For other details see par. 2264a et aeq, 

ZlNO-WOBKEE. 

2294. Boofa and flats, — To be laid with No. ... or . . . oz. malleable Vieille 
Montagne (or other) zinc, with 6 in. laps and l^inch rolls, turned up 6 inches 
all round against walls and lights, finished with flashings 6 inches wide, inserted 
I inch into joint of the bri(£work, and secured by galvanized iron wall hooks. 
Cesspools to be formed at the he^ of rain-water pipes, and the zinc lapped 
over. The whole to be laid with slotted fastenings lapsed and soldered at angles. 
The trap t« be covered, lapped over edge, soldered at joints, and secured by zinc 
nails. Or— the flats to be covered by ** Braby,” London, with their No. . . . 
gauge V.M. roofing zinc, square roll caps, and patent holding-down clips. All ridge 
plates and stopj^ ends are to be formed in the solid metal, not grooved in. 
Stretching of sheets, or soldering, to form stop ends must be particularly avoided. 

Gutters to be laid with No. ... or ... oz. malleable zinc, with 6-inch laps at drips, 
turned up under slates for 1 1 inches on each side and 5 inches against the walls, 
finished with flashings 6 inches wide, inserted 1 inch into the wall, and secured 
by galvanized iron holdfasts. Cesspools to be formed, &c., as above described. 

Eaves gutter, — To be of 2 (to 6) inch, No, ... or ... oz. zinc, fixed upon gal- 
vanized iron brackets, furnished with nozzle pieces, cut splash boards, and angles, 
and to be soldered at the joints. Care to be taken that ohe end shall be left free 
to allow the whole to expand and contract. 

Bain-water pipe,-^To bo of 2 (to 6) inch, No. ... or ... zinc, with square 
heads, fixed with socket joints and 4i-inch strong galvanized iron nails, with the 
plates turned over. 

Lining to oittem , — To be of No. « • • or . • . oz. malleable zinc, lapped 2 inches at 
joints and angles and turned down over edge, secured l)y strong riiic nails 4 inobos 
apart, and to be soldered at angles. 
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Chimney eowU, rentilatang lonver TentiktoTi perforated linc^ skylight frames, 

fanlights, &c. For other details see par. 2224^. 

22946. The following proposed Sanitary Specification for a SabnrUan .Villa, by 
•* Hygiene,^* published in the JourtKU of the Clerks of Works Association, for November 
1884, is deemed of sufficient importance to be here reprinted as a guide: — 

Big frsncAes the required depths for all drains as shown on plan ; fill in after the 
drains are laid, and well consolidate the same. Where the drains cross the newly- 
m^o ground they must be bedded on a layer of Portland cement concrete 6 inches 
thick, the bottom of the trench being previously well rammed. Cart away any 
superfluous earth. 

The mpes are to bo the best salt-glazed socketed drain pipes, free from fire flaws or 
other defects, straig^ht, and weU burnt. No square junctions will be allowed. All 
drain pipes to be jointed in neat Portland cement, and carefully wiped inside. 

Every fiicility must be afforded to the architect, or his representative, for inspection 
during the laying of the pipes. The drains are to be tested in lengths as the 
work procfeds, in any manner the architect may approve. The builder must pro- 
cure an intelligent bricklayer, or other man to be approved by the architect, to 
lay the drains and build the inspection chamber. 

liay iu the soil pipes in positions as shown in red lines on plan, with a continuous and 
eren foil of not less than 2 inches in 10 feet. All soil pipes are to be 6 inches 
diameter, and waste pipe branches, &c., 4 inches, as shown. 

Pay all fees to local board for connections to sewer, and provide and fix a 6-iuch gal- 
vanized iron flap pipe for inlet to same. 

Fix one of Boulton’s No. 39 (see list) or other approved interceptor trap just within 
the boundary fence, in position as marked on plan ; carry up from same a 6-inch 
diameter vertical pipe, provide and fix a 4-inch junction in the first length above 
trap ; seal the top of pipe and cover over 6 inches below the ground line with 
12 inch by 12 inch by 2^ inch York stone. 

Carry 4-incn pipes from junction to a convenient place behind the shrubbery ; bring 
to surface with an easy bend, fix on top a 4-inch square junction pipe, the top to 
be about 12 inches above the ground. Seal the top with a di-c plate, and provide 
and fix a galvanized iron grating in the junction opening. 

Build inspection chamber, as shown, near to the corner of house, with Portland 
cement concrete bottom, well-burnt stock bricks, and Portland cement sides. Pro- 
vide a channel pipe and a curved junction channel pipe, and fix in chamber os 
shown ; form sloping sides with concrete, and finish with neat Portland cemenb 
perfectly smooth, and to the required form. Cover over the top with 2 J-inch York 
stone cover, 4 inches under ground. 

Provide and fix in yard 11 J-inch square trapped guUy and dished iron grating, with 
two 4-inch inlets and 6-inch outlets (prime cost Is,, see fig. 19, Boulton’s list). 
Continue drain to inspection chamber, and connect through the side of chamber 
above the sloping sides. 

Continue from the inh^ts to gnlly 4-inch branch drains to the two rain-water stack 
pipes, and finish with an easy bend to receive the rain-water pipe. 

Provide and fix an 8-inch by 8-inch trapped gully, with inlet on two sides for bath 
and lavatory wastes, and connect from gully to soil drain, as shown. 

Continue the 6-inch soil drain from inspection chamber to side of house, as shown; 
insert a junction, and put an easy bend at end of each branch to receive the soil 
pipes from the water-closets. 

Provide and fix Weaver’s or other approved grease trap (prime cost 26«.) outeide 
scullery wall, to take waste from sink, and continue to the drain with 4-inch pipes. 

Provide and fix in yard at the front of coach-house a 1 1 J-inch square trapped^ gnlly, 
aa before described, connect drains from stables, and connect, as shown, to inspec- 
tion chamber. 

Provide and fix 8-inch by 8-inch trapped guUv at foot of rai’i- water pipe in front of 
house, and continue a 4-incb drain to soil drain. 

No/a— I f local board will not allow storm-water in the soil drain, a 6- inch storm- 
^ water drain must be laid to take all rain-water from roofs and surface of ground. 

Connect with a 4-ineh branch from rain-water pipe at end of stable, and to join the 
0-inch drain from stable just Mow the gully. This drain must not have any trap 
in it, as it is required to ventilate this branch. 

If any deviation be made from the course marked on the drain plan, the same must 
be earefolly noted and marked on the plan, and then returned to the architect’s 
oflice. 

Internal Provide and fix in best water-closet, first floor, one of Jennings’s 

ornamental Queen’s ware combination ** Pedestal” closets, automatic flushing tank,. 
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ornamental chain and handle* and a mahogany circular hinged flap Mat* Piim^ 
eott Talne, 7^. 7e.i ewlneive of fixing. (These cloeete do not require any endosore.) 

Provide and fix in lower waterdoeet one hf Doulton^e stoneware (ornamental) oom^ 
bination closets, and all as before epedfled for fittings to first floor (prime oos^ 
4/. fls. 8<f., exclusive of fixing). 

The soil pipe from wateiKiloset, first floor, Is to be 4-inch lead pipe, and to pM 
through and down the face of external wall, and to connect to branch of soil drain. 
The soil pipe from the lower water-closet to be as last described, and connect to 
the bmn^ of soil drain provided for Kime. Continue the le^ soil pipe from first 
floor water-closet to 8 feet above the eaves to roof, the full size of 4 inches. Pat 
a fixed cone on top. 

Provide and fix a 8-inch lead waste-pine from bath through wall and into a 8-inch 
cast iron pipe down face of wall, ana connect to gully provided for s^e. 

' Provide and fix a lavatory cabinet^tand complete (No. 21, Boulton’s list, prime cost, 
2f. 2«.) ; carry a 2-inch lead waste pipe, and connect to gully provided for same ; 
fix under this lavatory a Beard and Dent’s 2-inch trap and inspMtion cap. lAy 
on water from the down service pipe with a f-inch branch pipe and a -J-inch 
silver-plated nm tap. 

Provide and fix in maids* water-closet, and also in man servants* water-closet, one of 
Donlton’s Lambeth fiush-out closets, with syphon flushing cistern, handle and 
chain, all complete. 

Connect the flushing cisterns throughout with ^inch stout lead pipe, and from cis- 
tern to water-closets with l^inoh lead pipe. 

Provide and fix in scullery a Boulton’s vitrified buff-glazed stoneware sink, best 
quality, size 3 ft. 6 in. by 2 ft. (prime cost value, 1/.) ; provide and fix a 2-in. earthen- 
ware watte pipe, and connect to grease trap outside scullery wall. (Housemaid’s 
slop sinks are not required, the combination closets being available for slops.) 

The work mnst be thoroughly well done ; the best materials are to be used ; and all 
to be finished to the entire satisfaction of the architect or his representative. 


Skct, XVI. 

MEA8UBING AND ESTlMATINa. 

2295. The practice of measuring is dependent on rales alreadv given under Kensnra* 
tion, in Sect. VI. Chap. I. of this book (1212 et se^,), in which are described the 
methods of ascertaining the superficial and solid contents of any figure. The application 
of them to architecture, in the practice of measuring and estimating the different ports of 
a building, forms the subjecc of this section. 

2296. For the purposes of measuring, a lO-feet rod, and a pair of 5-feet rods, all 
divided into feet, inches, and half-inches, and a 2-feet rule divided into inches and eighths 
and twelfths or tenths of inches, are required. If a tape, say of 50, 66, or 100 feet, be 
used, it should be carefully checked by a standard, and by the 10-feet rod. 

2297. The mode of ** squaring dimensions,” as usually practised by duodecimals, will 
be now explained. They are a series of denominations beginning with feet, and then 
inches and parts of an inch ; they form a series of fractions. Feet and inches are marked 
with their initial letters, but twelfths, or tenths, or seconds by a double accent^ Uius 2'^ 

2297a. To multiply duodecimals together, write down the two dimensions to be 
multiplied in such a way that the place of feet may stand under the last place of the 
multiplicand ; begin with the right-hand denomination of the multiplier, and multiply it 
by every denomination of the multiplicand, throwing the twelve out of every product* and 
carrying as many units as there are twelves to the next. Placing the remainders, if any, 
under the multiplier, so that the like parts in the product may under like parts of the 
multiplicand ; proceed with evejy enccessive figure of the multiplier towards the left, in 
the same numner, always placing the flbrst fignre of the product under the multiplier. 
Then the sum of these partial products will be the whole p^aet. In duodecimals there 
.will be as many denominations below feet as in both the factors taken together. 

Example 1.— Mnltiply 7 ft. 5 in. by 3 ft. Example 2.— Multiply 24 ft. 8 in. 8' bj 

8 in* 3 ft. 7 in. 

7:5 24 : 8 : 8' 

3:4 8j 7 

2:5:8 14 : 6 : 0 :1 

22 : 8 74 : 2 : 0 

uteis 88; 7 ;oys 
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2207d« In example L there ie only one place of duodedmale In eaeh lector; aro 
therefore two pla^ in the product. In the second example there are two places of 
dnodedmals in the multiplicand and one in the multiplier, whieh make, U«eth<w, three; 
there are therefore three denominations in the product. This method of pla^ng the 
denominations of the Isotors mves the correct places of the nroduct at ones; l^tee like 
parts of the prodnet stand nnder like parts of the nmltiplicaaa. It also shows the ai&nitjr 
between duodecimals, decimals, and ereir series or seme of denonunarions whereof any 
number divided bj the radix of the scale makes one of the next towards the left himd. 
The consideration is, moreover, nsefol in discovering readily the kind of product ariaSiig 
ftoitL the mnltiplication of any two single denominations together. 

2297C^ linien the number of feet runs ve^ high in the factors, it will be better to write 
down the |Wodnct of each multiplication, without casting out the twelve, and add together 
thoae of each denomination beginning on the right, and divide by 12, to carry to the next 
higher place, then add these, mid so on, as often as there are places in the whole product. 

Thus, under inches, the products being set down and 
added, they amount to 2369, which, divided by 
twelve, gives 197 to carry to the place of feet, and 
5 remmnder. Then adding the feet together with 
the quantity carried, it gives the whole number of 
feet ; while the operation is extremely simple and 
free from the troubles of either side operations or 
nseless stress on the memory. 

2297d. The division of the foot into 12 parts 
renders the application of the rules of jtractice very 
valuable in computation of dnodecimals. The 
practical rule is to set down the two dimensions one 
under the other, that is, feet under feet and inches 
under inches, and multiply each term in the multiplicand by the feet in the multiplier, 
beginning at the lowest; and, if the numbers be large, put down the inches without carry- 
ing 1 for every 12 from inches to feet. Then, instead of multiplying by the inches, take 
■uch aliquot parts of the multiplicand as the inches are of a foot; awbt which add the 
lines together, carrying 1 for every 12 inches. 


Example. — ^Hultiply 262 ft. 
6 in. by 54 ft 8 in. 

262 : 5 

54 : 8 


1048 

18100 

197 


2099 : 4 
20 
: 250 

~ 2369 

12 


14345 


5 : 4 


Example I. — Multiply 7 ft, 5 in, 
by 8 ft, 4 in. 

4in.«f 7:5 
3 : 4 

22 : 3 
2:5:8 


24 : 8 : 8 


Example 2. — Multiply 262 ft. 5 in. 

by 54 ft. 8 in. 

8»i 262 ; 5 


54 : 

: 8 


1048 : 

: 270 


1310 



87 ; 

: 5 : 

8 

87 : 

: 5 : 

8 

o,_28i : 

4 


12 



14345 : 5 :4 


The same examples have been used to show tbe relative advantages of the two methods. 

22970. Thus far we have treated of the squaring of dimensions to obtain the superjicie§ 
of work. To learn the folidity of certain materials, such as timber, stone, and some otbers, 
the dimensions have to be cubed. The process is similar to the above, and is continued a 
further step. One example will suffice to explain the method, and we will take the %ureB 
^ven in the above system. 

Example. — ^What is the cube of a block of stone, 7 ft. 5 in. wide, 3 ft. 4 in, thick, and 
12 ft. long? 

2297/. The abridgment of the labours of practical men is 
always a matter of importance — being identical with the saving 
of time which is lost in calcolation, and which with the archi- 
tect is of the utmost importance, when it is recollected what 
multifarions duties he has to discharge. Hence the following 
table of squares, cubes, and roots of numbers, up to 1000, wiU 
be most acceptable to him. The first column of the Table shows 
the nnmber, the second the square of such number, the third 
exhibits its cube. In the fbmrth column is found the square 
Toot of the number, and in the fifth its cube root. Thus, looking to the number 61 in 
the first eolnmn, its square is found to be 8721, its onbe 226981, square root 
7*8102497, and iu cube root 8*986497* Again, taking the number 784, squuce 

to be 16U658, its cube 481890804, its square root 28, and its cube root 


7:5 
8 : 4 

22: 8 
2 ; 5 : 8 

24 : 8 1 8 super. 

n 

296 : 8 : 0 cube. 
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Ouiia 

Square Root 

CvbOoot 

m 


CidM. 

SqwuruRdOt 

C96iB8il» 

t 

' 1 

1 

IX) 

lO 


4096 

262144 

8*0 

4*0 

s 

4 

8 

1*41^2136 

1*259921 

65 

4225 

274625 

8*0622577 

f-OaOTM 

s 

9 

27 

1*7320508 

1*442250 

68 


287496 

8*1240884 

4*041240 


16 

64 

2*0 

1*587401 

67 

4489 

300763 

8*1853528 

4*061546 


25 

125 

2*2360680 

1709976 

68 

4624 

314432 

8*2462118 

4*081656 

6 

36 

216 9*4494897 

1*817121 

69 

4761 

328509 

8*3066239 

4*101566 

7 

49 

343 

, 2*6457513 

1*912933 

70 

4900 

843000 

8 -3666003 

4*121265 

8 

64 

512 

1 2*8284271 

20 

71 

5041 

357911 

8*4261498 

4*140818 

9 

81 

729 

, 3*0 

2080064 

72 

5184 

373248 

8*4852814 

4*160168 

IG 


1000 

. 3 1692777 

2*154435 

73 

5329 

389017 

8*5440037 

4*179389 

11 

121 

1331 

1^3*3166248 

2*223980 

74 

5476 

405224 

8-6023253 

4*198836 

19 

144 

1728 

^ 3*4641016 

2*289428 

75 

5625 

421875 

8*6602540 

4-817163 

13 

169 

2197 

1 3*6055513 

2*351335 

76 

5776 

438976 

8-7177979 

4*235824 

14 

196 

2744 3*7416574 

2*410142 

77 

5929 

456533 

8-7749644 

4*254821 

15 

225 

S373 

3*8729833 

2*466212 

78 

6084 

474552 

8-8317609 

4-272659 

16 

256 

4096 4*0 

2*519842 

79 

6241 

493039 

8*8881944 

4*290841 

17 

289 

4913 

4 1231056 

2*571282 

80 

6400 

512000 

8-9442719 

4*308870 

IS 

324 

5832 

, 4*2426407 

2*620741 

81 

6561 

531441 

9*0 

4-326749 

19 

361 

6859 

4*3588989 

2*668402 

82 

6724 

551368 

9*0553851 

4*344481 

20 


8000 

4*472136W2*714418 

83 

6889 

571787 

9-1104336 

4*362071 

21 

441 

9261 

4 *5825757 2*758923 

84 

7056 

592704 

9*1651514 

4-379519 

22 

484 

10648 

! 4*690<I5K2*k>2039 

85 

7225 

614125 

9*2195445 

4-3968.K) 

23 

529 

12167 

4-79S83r5» M3867 

86 

7396 

636056 

9*2736185 

4*414005 

24 

576 

13824 

4*8989795 

2*884499 

87 

7569 

658503 

9*3273791 

4*431047 

25 

625 

15625 

5*0 

2*924018 

88 

7744 

681472 

9*3808315 

4*447960 

26 

676 

17576 

5*0990195 

2 962496 

89 

7921 

704969 

9*4339811 

4*464745 

27 

729 

19683 

5*1961524 

30 

90 

8100 

729000 

9*4868330 

4*481405 

28 

784 

21952 

5*2915026 

3*036589 

91 

8281 

753571 

9-5393920 

4*497942 

29 

841 

24389 

5*8851648 

3072317 

92 

8464 

778688 

9*5916630 

4*514357 

EE 


27000 

5*4772256 

3*107232 

93 

8649 

804357 

9*6436508 

4*530655 

31 

961 

29791 

5*5677644 

3*141381 

94 

8836 

890584 

9*6953597 

4-546836 

32 

1024 

32768 

5*6568542 

3*174802 

95 

9025 

857375 

9*7467943 

4*562903 

S3 

1089 

35937 

5*7445626 

3*207534 

96 

9216 

884736 

9*7979590 

4*578857) 

34 

1156 

39304 

5*8309519 

3*239612 

97 

9409 

912673 

9-8488578 

4*594701 

35 

1225 

42875 

5*9160798 

3*271066 

98 

9604 

941192 

9*8994949 

4*610436 

36 

1296 

46656 

6*0 

3*301927 

99 

9801 

970299 

9*9498744 

4*626065 

37 

1369 

50653 

6*0827625 

S -332222 

100 

10000 

1000000 

10-0 

4*641589 

38 

1444 

54872 

6*1644140,3*361975 

101 

10201 

1030301 

10*0498756 

4*657010 

39 

1521 

59319 

6*2449980 3*391211 

102 

10404 

1061208 

10*0995049 

4*672330 

40 


64000 

6*3245553 3*419952 

103 

10609 

1092727 

10*1488916 

4*687548 

41 

1681 

68921 

6*4031242 3*448217 

104 

10816 

1124864 

10*1980390 

4*702669 

42 

1764 

74088 

6*4807407 

3*476027 

105 

11025 

1157625 

10-2469508 

4*717694 

43 

1849 

79507 

6*5574385 

3*503398 

106 

11236 

1191016 

10*2956301 

4-732624 

44 

1936 

85184 

6*6332496 

3*530348 

107 

11449 

1225043 

10*3440804 

4*747452 

45 

2025 

91123 

67082039 

3*556893 

108 

1 11664 

1259712 

10*3923048 

4*76220.V 

46 

2116 

97336 

6*7823300 

3*583048 

109 

lf881 

1295029 

10-4403065 

4*776856 

47 

2209 

103823 

6*8556546 

3*606826 

no 

12100 

ISSIOOO 

10*4880885 

4*791420 

48 

2304 

1105921 

6*9282032 

3-634241 

111 

12321 

1367631 

[10*5356538 

4*805896 

49 

2401 

117649 

7*0 

3-659306 

112 

12544 

1404928 

10*5830052 

4-820284 

50 


125000 

70710678 

3*684031 

113 

12769 

1442897 

10*6301458 

4*834588 

51 

2601 

132651 

7*1414284 

8708480 

114 

12996 

1481544 

10*6770783 

4*846808 

52 

2704 

140608 

7*2111026 

3*732511 

115 


1520875 

10*7238053 

4*862944 

53 

2809 

148877 

7*2801099 

3756286 

116 


1560896 

10*7703296 

4^76999 

54 

2916 

157464 

7*S484«93 

3*779763 

117 


1601613 

10*8166538 

4*890973 

55 

3025 

166375 

7*1161985 

3*802953 

118 

ITjSj 

1643082 

10*8627805 

4*904868 

56 

3136 

175616 

7*4833148 

3*825862 

119 

IrirTI 

. 168515^ 

10*9087121 

4*918685 

57 

3249 

135193 

7*5498344 

3*848501 



1728000 

10*9542512 

4*932424 

58 

3364 

195112 

7*6157731 

8*870877 

121 

14641 

1771561 

11*0 

4*946088 

59 

3481 

205379 

7*6811457 

3*692998 

1«2 


1815848 

11*0453610 

4*959675 

E2 

8600 

216000 

77459667 

3*914867 

123 

15129 

1860667 

41*0905365 

4*973190 


0721 

226981 

7*8102497 

3*936497 

124 

15376 

1906624 

11*1855267 


IB 


238328 

7*8740079 

3*957892 

125 

15625 

1953125 

11*1603392 

TSMfel 

& 

S008 

250047 

7*93725391 

3*979057 

128 

15878 

2060876 

U *2949789 




















MfiASimiHG AKD ICSTiMAWIf^^ 


•VMf**) Cvibt, 


II 
1 
1 

16900 
17101 
17424 
17689 
17956 
5 18225 
S 18496 

7 18769 

8 19044 

9 19321 

0 19600 

1 19881 

2 20164 

3 20449 

4 20736 
\5 21025 
to 21316 

21609 

18 21904 

19 22201 

50 22500 

51 22801 

52 23104 

53 23409 

54 23716 

55 24025 

56 24336 

57 24649 

58 24964 

59 25281 

60 25600 

61 25931 

62 26244 

63 26569 

164 26896 

165 27225 

166 27556 

167 27889 

168 28224 
163 28561 

170 28900 

171 29241 

172 29584 

173 29929 

174 30276 

175 30625 

176 30976 

177 31829 

178 31684 

179 82041 

180 32400 

181 32761 

182 83124 

183 83489 
33856 

1851 34825 


2048388 

2097152 

2146689 

2197000 

2248091 

2299968 

2352637 

2406104 

2460375 

2515456 

2571353 

2628072 

2685619 

2744000 

2803221 

2863288 

2924307 

2985984 

3048625 

3112136 

3176523 

3241792 

3307949 

3375000 

3442951 

3511808 

3581577 

3652264 

8723875 

3796416 

3869893 

3944312 

4019679 

4096000 

4173261 

4251528 

4330747 

4410944 

4492125 

4574296 

4657^63 

4741632 

4826609 

491S0Q0 

5000211 

5068448 

5177717 

5268024 

5359375 

5451776 

5545233 

5639752 

5735339 

5832000 

5929741 

6028568 

6128487 

6229504 

6331625 

64S4856 

6539203 

6644672 

6251969 


11 *9694277 5-026526 190 
11-3137065 5^9684 191 
11*3578167 5-052774 192 
11-4017543 5-065797 193 
11-4455231 5-078753 194 
11-4891253 5-091643 195 
11-58256265-104469 196 
11-5758369 5-117230 197 
11-6189500 5-129928 198 
11-6619038 5U42563 199 
11-70469995-155137 200 
11-7473444 5-16764 9 201 
11-78982615-180101 202 
11-8321596 5-192494 203 
11-87434215-204828 204 
11-9I6S753 5-217103 205 

11- 9582607 5-229321 206 

12- 0 5*241482 207 

12-0415946 5-253583 208 
12-0830460 5-265637 209 
12-1243557 5*277632 210 
12-1655251 5*289572 211 
12-2065556 5-301459 212 
12-2474487 5-313293 213 
12*2882057 5*325074 214 
12*3288280 5*336803 215 
12-3693169 5-348481 216 
12-4096736 5-360108 217 
12-4498996 5-371685 218 
12-4899960 5-383213 219 
12-5299641 5-394690 220 
12-5698051 5-406120 221 
12-6095202 5*417501 222 
12-6491106 5-428835 223 
12-6885775 5-440122 224 
12-727922L5-451362 225 
I2-767145i?5-462556 226 
12-8062485 5*473703 227 
12-8452326 5*484806 228 
12-8840987 5*495865 229 
12-92284805-506879 230 

12- 9614814 5*517848 23! 

13- 0 5-528775 232 

13-0384048 5*539658 S33 
13-0766968 5*550499 234 
13*1148770 5*561298 235 
13*1529464 5*572054 236 
13-1909060 5-582770 237 
18-2287566 5-593445 238 
13*2664992 5-604079 239 
13-3041347 5*614673 240 
13-3416641 5-625226 241 
13-37908825*635741 242 
13-41640795-646216 243 
13-4536240 5*656652 244 
13-4907376 5-667051 245 
13-5277493 5-677411 246 
13-5646600 5-687734 247 
13*6014705 5*698019 248 
13-63P 18 17 5*708267 249 
13-6747943 5-718479 250 
13-7113092 5-728654, 251 
13*747727 1 15*7387941252 


6859000 13-78404685-748897 
6967871 13*820275pb-758965 
‘ 7077888 
7189057 13-8964 
7301384 1S-96698«|S^6S960 
7414875 13*96424p0 5*798890; 
7529536 14*0 ^ 5-808786 

7645373 14-03566885*818648 
7762392 1 4-07 1 24 73 5 *828476 
7880599 14-10673605-838272 
8000000 14*1421356 5*848035 
8120601 14 1774469 5-857765 
8242408 14-2126704 5*867464 
8365427 14*2478068 5*877130 
8489664 14*2828569 5*886765 
8615125 14*3178211 5*896368 
8741816 14-3527001 5*905941 
8869743 14-3874946 5*915481 
8998912 14*4222051 5*924991 
9123329 14*4568323 5*934473 
9261000 14*4913767 5*943911 
9393931 1 4 *5258390 5*95334 1 
9528128 14*5602198 5*962731 
9663597 14*5945195 5*972091 
9800344 14 *6287388 5*981426 
9938375 14*6628783 5*990727 
10077696 14-6969385 6*0 
1021831£( 14*7309199 6-009244 
10360232 14*7648231 6*018363 
10503459 14-7986486 6-027650 
10648000 14-8323970 6*03681 1 
10793861 14-8660687 6-045943 
10941048 14*8996644 6*055048 
1)089567 14*9331845 6*064126 
11239424 14*9666295 6*073177 
11390625 15*0 6*082201 

11543176 15*0332964 6*091199 
11697083 15*0665192 6*100170 
1 1852352 15-0996689 6*1091 15 
12008989 15*1327460 6*118032 
12167000 15*1657509 6*126925 
12326391 15*1986842 6-135792 
12487168 15*2315462 6*114634 
J2649337 15*2643375 6*153449 
12812904 15*2970585 6*162239 
12977875 15*3297097 6*171005 
13144256 15-3622915 6*179747 
13312053 15*3948043 6*188463 
13481272 15*4272486 6*197154 
13651919 15-4596248 6-205821 
13824000 15-4919334 6-214464 
13997521 15-5241747 6-223083 
14172488 15-5563492 6-231678 
14348907 15*5684573 6-240251 
14526784 15*6204994 6*248800 
14706125 15 6524758 6*857324 
14886936 15*6843871 6*265826 
15069223 15-7162336 6-274304 
15252992 15-7480157 6-282760, 
15438249,15-7797336 6*291194 
1562500015*8113883 6f99604 
1 531 3251 15 *8429795 
16003006:15*8745079 6iHW9 












1«i THROKT OF AttCHtTECTURB. Ifi 




Cuibe. 

SquarvRoot 

Cttb^Root. 

Ko. 

Square. 

Cuba. 

1 

I 

ObbaRoolj 

1 

257 

258 

259 
280 
261 
262 

263 

264 

265 

266 

267 

268 

269 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

280 
281 
282 

283 

284 

285 

286 

287 

288 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

304 

305 

306 

307 

308 

309 

310 

311 
112 
(18 

114 

115 

64009 
64516 
65025 
65536 
66049 
66564 
67081 
67600 
68121 
68644 
69169 
69696 
70225 
70756 
71289 
71824 
72361 
72900 
73441 
73984 
74529 
75076 
75625 
76176 
76729 
77284 
77841 
78400 
78961 
79524 
80089 
80656 
81225 
81796 
82369 
82944 
83521 
84100 
' 44681 
85264 
85849 
86436 
87025 
87616 
88209 
88804 
89401 
90000 
90601 
91204 
91809 
92416 
93025 
93636 
94249 
94864 
95481 
96100 
96721 
97344 
97969 
98596 
99995 

16194277 

16387064 

16581375 

16777216 

16974593 

17173512 

17373979 

17576000 

17779581 

17984728 

18191447 

18399744 

18609625 

18821096 

19034163 

19248832 

19465109 

19683000 

19902511 

20123648 

20346417 

20570824 

20796875 

21024576 

21253933 

21484952 

21717639 

21959000 

22188081 

sifmm 

^9665187 

22906304 

23149125 

23393656 

23639903 

23887872 

24137569 

24389000 

24642171 

24897088 

25153757 

25412184 

25672375 

25934336 

26198073 

26463592 

26730899 

27000000 

27270901 

2754S608 

27818127 

28094464: 

28872625 i 

28652616 i 

28934443 

29218112 

29503629 : 

29791000] 

90080231 

90371328 ; 

90664297 1 

90959144 : 

91255875 : 

15‘905973'J 

15- 9373773 
15*9687194 
16*0 

16’03I2]93 

16*0623784 

16*0934769 

16*1245153 

16*1554944 

16*1864141 

16*2172747 

16*2480768 

16*2788206 

16*3095064 

16*3401346 

16*3707055 

16*4012195 

16- 4316767 
16*4620776 
16*4924225 
16*5227116 
16*5529454 
16*5831240 
16*6132477 
16*6433170 
16*6733320 
16*7032931 
16*7332005 
16*7630546 
16*7928556 
16*8226038 
16*8522995 
16*8819430 
16*9115345 
16*9410743 
16*9705627 
17*0 

17*0293864 

17- 0587221 

! 17*0880075 
17*1172428 
17*1464282 
17-1755640 
17*2046505 
17-2336879 
17-2626765 
17*29161651 
17*3205081 
17-3493516 
17*97814721 
17*40689521 
17*4355958 < 
17*4642492 < 
17*4928557 i 
17*5214155< 
17*5499288 4 
17*5783958 4 
17*60681694 
17*6351921 4 
17*6635217 4 
17*6918060 4 
17*7200451 i 
17*7482399 4 

6*324704 

6*333025 

6-94)325 

6*349602 

6*357859 

6*366095 

6*374310 

6*382504 

6*390676 

6-398827 

6*406958 

6*415068 

6*423157 

6*431226 

6*439275 

6*447305 

6*455314 

6*463304 

6*471274 

6*479224 

6*487153 

6*495064 

6*502956 

6*510829 

6*518684 

6*526519 

6*534335 

6*542132 

6*549911 

6*557672 

6*565415 

6*573139 

6*580844 

6*588531 

6*596202 

6*603854 

6*611488 

6*619106 

6*626705 

6 634287 

6*641851 

6*649399 

6*656930 

6*664443 

6*671940 

6-679419 

6*686882 

6*694328 

6*701758 

6*709172 

6*716569 

5*723950 

5*731316 

5*758665 

5*745997 

5*753313 

5*760614 

5*767899 

5*775168 

5*782422 

5*789661 

5*796864 

5*804091 

316 

317 

318 
SIS 
S2C 

321 

322 
326 

324 

325 

326 

327 

328 

329 
830 

331 

332 

333 

334 

335 

336 

337 

338 

339 

340 

341 

342 

343 

344 

345 

346 

347 

348 

349 

350 

351 

352 

353 

354 

355 

356 
S57 

358 

359 

360 

361 

362 

363 

364 

365 

366 

367 
868 

869 

870 

871 
872] 
873 i 
874] 
875 : 

876] 

877] 
87811 

99856 
10048S 
101124 
101761 
U0240C 
103041 
103684 
,104329 
104976 
1105625 
106276 
106929 
107584 
,108241 
108900 
109561 
110224 
110889 
111556 
1 12225 
112896 
113569 
114244 
114921 
115600 
116281 
116964 
117649 
118336 
119025 
119716 
120409 
121104 
121801 
122500 
123201 
123904 
124609 
125316 
126025 
126736 
127449 
128164 
128881 
129600 
130321 
131044 
131769 
132496 
133225 
1SS956 
134689 
135424 
186161 
136900 
IS7641 
188384 
189199 
189876 
140625 
141376 
142129 
142884 

31554496 
3185501a 
S21.574.3S 
32461 75£ 
S27680tX: 
33076161 
S338624fi 
33698267 
34012224 
34328125 
34645976 
34965788 
35287552 
35611289 
35937000 
36264691 
3659^368 
36926037 
37259704 
37595375 
37933056 
38272753 
38614472 
38958219 
39304000 
39651821 
40001688 
40353607 
40707584 
41063625 
41421736 
41781923 
42144192 
42508549! 
42875000 
43243551 
! 43614208 
j 43986977 
44361864 
44738875 
45118016 
4.5499293 
45882712 
46268279 
46656000 
47045881 
47437928 
47832H7 
46228544 
48627125 
49027896 
49430663 
49836032 
50243409 
50653000 
510648)1 
51478848 
51895117 
52313624 
52T94375 
58157576 
58582688 
54010152 

17*7763888 
17*8044938 
17*8325545 
(17-8605711 
) 17-8885438 

17- 9164729 
(17-9443584 

17*9722008 

18- 0 

;i8-0277564 
,180554701 
18 0831413 
18-1107703 
!l 8-1383571 
IB-1659021 
18*1934054 
18*2208672 
18-2482876 
18*2756669 
18*3030052 
18*3303028 
18*3575598 
18*3847763 
18*4119526 
18*4390889 
18-4661853 
18*4932420 
18*5202592 
18*5472370 
18*5741756 
18*6010752 

18- 6279360 
18*6547581 
18*6815417 
18*7082869 
18*7349940 
18*7616630 
18*7882942 
18*8148877 
18*8414437 
18*8679623 
18*8944436 
16*9208879 
18*9472953 
18*9736660 
190 

190262976 

19*0525589 

190787840 

19*1049732 

19- 1311263 
19*1572441 
19*1833261 
19*2093727 
19*2353841 
19*2613603 
19*2873015 
19*3132079 
19*3390796 
19^49187 
19*3907194 

19*4438231 

6*811284 
6*818461 
6*825624 
6-83277. 
6*839903 
6*847021 
6*854124 
6*861211 
6-868284 
6-875343 
6*882388 
6-889419 
6 -8964.35 
6-903436 
6*910423 
6*917396 

6- 921355 
6*931300 
6*9.38232 
6*945149 
6*952053 
6*958943 
6*965819 
6*972682 
6*979532 
6*986369 
6*993191 
70 

7*006796 

7013579 

7*020849 

7*027106 

7033850 

7*040581 

7 047208 
7*054003 

7- 060696 
7*067376 

7 074043 
7080698 
7*087341 
7*093970 
7*100588 

7 107193 
7*113786 
7*120367 
7*126985 
7*133492 
7*140037 
7*146569 
7*153000 
7*159599 
7*166095 
7*172590 
7*179054 
7*185519 
7*191966 
7*198405 
7*204892 
7*21)247 
7*217958 
7*294049 

rmom 
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MfiASURtKO AND ESTnifkTlNG. 


78$ 



8q«tr«. C«bf\i | Bqvftrt KooUOuli* Root 


143641 
>|l 44400 
145161 
145924 
} 146689 
f 147456 
5148225 
6 148996 
7 149769 
8150544 
9 151321 
0152100 

I 152881 
2 153664 
3 154449 
4 155236 
5 156025 
6 156816 
»7 157609 
8 158404 
>9 159201 
K) 160000 

II 160801 

12 161604 

13 162409 
>4 163216 
)5 164025 
)6 164836 
>7 J 65649 
>8 166464 
)9 167281 
10 168100 

11 168921 

12 169744 
IS 170569 

14 171396 

15 172225 

16 173056 
17173889 

18 174724 

19 175561 

20 176400 

21 177241 

22 178084 

23 178929 
S4 179776 
125 180625 
(26 181476 

127 182329 

128 183184 

129 184041 

130 184900 

131 185761 

132 186624 

133 187489 

134 188356 

135 189225 
136190096 

437 190969 

438 191644 

439 192721 
«4Dl988Qd 
44ilt4Wlf 


34439939 19*4679229 7*236797 
54872000 19*4935887 7*243156 
55306341 19*5192213 7*249504 
55742968 19*5448203 7*255841 
56181887 19*5703858 7*262167 
5662S104 19 59591 79 7*268482 
57066625 19*6214169 7*274786 
57512456 19*6468827 7*281078 
57960603 19*6723156 7*287362 
58411072 19*6977156 7*293633 
58863869 19*7230829 7*299893 
59319000 19*7484177 7*306143 
59776471 19*7737199 7*312383 
60236288 1 9*7989«99 7*318611 
60698457 19*8242276 7*324829 
61162984 19*8494332 7*331037 
61629875 19*8746069 7*337234 
62099136 19*8997487 7*343420 
62570773 19*9248588 7*349596 
63044792 19*9499373 7*355762 
63521199 19*9749844 7*361917 
64000000 20-0 7 *368063 

64481201 20*0249844 7*374198 
64964808 20*0499377 7*380322 
65450827 20*0748599 7*386437 
65939264 20*0997512 7*392542 
66430125 20*1246118 7*398636 
66923416 20*1494417 7*404720 
674J9143 20*1742410 7*410794 
67917312 20*1990099 7*416859 
68417929 20*2237484 7*422914 
68921000 20*2484567 7*428958 
6942653] 20*2731349 7*434993 
69934528 20-2977831 7*441018 
70444997 20*3224014 7*447033 
70951944 20*3469899 7*453039 
71473375 20*3715488 7*459036 
71991296 20-3960781 7*465022 
72511713 20*4205779 7-470999 
73034632 20*4450483 7*476966 
73560059 20*4694895 7*482924 
74088000 20*4939015 7*488872 
74618461 20*5182845 7*494810 
75151448 20*5426386 7*500740 
75686967 20*5669638 7*506660 
76225024 20*5912603 7*512571 
76765625 20^1 55281 7*518473 
77308776 20-6397674 7-524365 
77854483 20-6639783 7-530248 
78402752 20*688 1 609 7 *5361 21 
78953589 20*7123152 7*541986 
79507000 20-7364414 7*547841 
80062991 20*7605395 7*553688 
80621568 20*7846097 7*559525 
81182737 20*8086520 7*565353 
81746504 20-8326667 7-571173 
82312875 20-8566536 7*576984 
8288 1 856 20*88061 30 7 *582786 
RS459458 20-9045450 7-588579 
84027672 20*9284495 7*594363 
•4601519 20*9523268 7-600138 
86184000 80*9761770 7 *605905 
•5766121^1-0 7*6n668 



442 


443 


444 


445 


446 198916 

447 199809 

448 200704 

449 201601 

450 202500 

451 203401 

452 204304 

453 205209 

454 206116 

455 207025 

456 207936 

457 20S849 

458 209764 

459 210681 

460 211600 

461 212521 

462 213444 

463 214369 

464 215296 

465 216225 

466 217156 

467 218089 

468 219024 

469 219961 

470 220900 

471 221841 

472 222784 

473 223729 

474 224676 

475 225625 

476 226576 

477 227529 

478 228484 

479 229441 

480 230400 

481 231361 
462 832324 

483 233289 

484 234256 

485 235225 

486 236196 

487 237169 

488 238144 

489 239121 

490 240100 

491 241081 

492 242064 

493 243049 

494 244036 

495 245025 

496 246016 

497 247009 

498 248004 

499 249001 

500 950000 

501 251001 
509 252004 

503 253009 

504 254016 


86350688 21*0237960 7*617411 , 
86938907 21-0475652 7*6231.51 
87528384 21 *0713075 7-628883 
88121125 21-0950291 7*634606 
88716536 21*1187121 7*640321 
8931 4623 21 *1423745 7*646027 
89915392 21 *1660105 7*651725 
90518849 21*1896201 7*657414 
9 1 1 25000;2t *2 1 32034 7 *663094 
91733851 21 *2367606 7*668766 
92345408|21 *2602916 7*674430 

92959677.21 *2837967 7 680085 

93576664.21 *3072758 7685732 
94 1 96375,21 6307290 7 69 1 37 1 
94818816 216541565 7*697002 
95443993 21 6775583 7 *702624 
96071912 21 *4009346 7-708238 
96702579*21 *4242853 7*713844* 
97336000,21 '44761(16 7 *719442 
97972181121-4709106 7-725032 

9861 1 1 28.21 -4941 853,7 -730614 

99252847.21 *5174348 7-736187 
99897344 21 •5406592,7 *741753 

100544625 21 *5638587!7*747S10 
101194696 21 *5870331 7 *752860 
101847563 21 6101828 7*758402 
102503232 21 *6333077 7*763936 
10SI6l709j2r6564078,7*769462 
103823000 21 679483417*774980 
1(H487 111 21 *7025344;7 *780490 
105154048 21 *7255610’7 *785992 
105823817 21 *7485GS2j7-791 487 
106496424 21 -77154 11 17 *796974 
IO717I875I2I *7944947(7-802453 
107850176,216174242,7*807925 
108531333 21 6403297 7*813389 
109215952 21*8632111,7 818845 
109902239 21 6860686|7624294 
1 10592000^1 *9089023(7 *829735 
1 11284641 21 -931 71 22 7 835168 
1 1 1980168 21 6544984 7 640594 
1 12678587 21 *9772610 7*846013 
113379904 22-0 7*851424 

1 14084125 22-0227155 7*856828 
114791256 22-0454077 7 *862224 
1 15501303 22*0680765 7*867613 
1 1 621 4272 22-0907220 7 672<m 
1 16930169 22-1 133444 7 878S68 
1 17649000 22-1359436 7683734 
118370771 22-1585198 7 689094 
119095488 22*1810730 7*894446 
119823157 22-2036033 7*899791 
120553784 22*2261108 7*905129 
121287375 226485955 7 610460 
122023936 226710575 76157841 
122763473 22*2934968 7621 lOOl 
123505992 22*3159136 7 626406^ 
124251499 22*3383079 7*931710 
125000000 226605798 7*937005 
125751501 226830293 7*942293 
l2«06008j22-4053565 7 647573 
127263527122-4276615 7*952847 
128024064 22*4499443 76581 14 
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THEORY OF ARCHITECTURE. 


Boqx It. 



'505 255025 1 2 8787<?25 22*4722051 7*96.‘5374 568 322624 183250432 23*8327506 8*281685 

506 256036 129554216,22*4944438,7*868627 569 323761 184220009 23*8537209 8*286483 

507 257049 130323843 22*5166605,7*973873 570 324900 1 851 93000 23*8746728 8*291344 

508 258064 131096512|22*5388553, 7*979112 571 326041 186169411 23*8956063 8*296190 

509 259081 131872229 22*5610283 7*984344 572 327184 187149248 23*9165215 8*301030 
510260100 132651000 22*5831 796|7*989569 573 328329 188132517 23*9374184 8*305865 

511 261121 133432831 22*6053091 7*994788 574 329476 189119224 23*9582971 8*310694 

512 262144 134217728,22*6274170 8*0 575 330625 190109375 23*9791576 8*31551 7 

5132631S9 135005697,22*6495033 8*005205 576 331776 191 102976 24*0 8*320335 

514264196 135796744,22*6715681 8*010403 577 332929 192100033 24*0208243 8*325147 

515 265225 136590875,22*69361 14 8*015595 578 334084 1 93100552 24*041 6306 8*329954 

516 266256 137388096,22 *71 56334,8 *020779 579 335241 194104539 24*0624188 8*334755 

517 267289 138188413,22*7376340.8*025957 580 .336400 1951 12000 24*0831892 8*339551 

518 268324138991832 22*7596134 8 031129 581 337561 196122941 24*1039416 8*344341 
519269361 139798359,22*7815715 8 036293 582 338724 197137368 24*1246762 8*349125 

520 270400 140608000 22*8035085 8*041451 583 339889 198155287 24*1453929 8*353904 

521 271441 141420761 22*8254244 8*046603 584,341056 1 991 76704 24*1660919 8*358678 

522 272484 142236648 22*8473193 8 051748 585,342223 200201625 24*1867732 8*363446 

523 273529 143055667 22*8691933 8 056886 586 343396 201230056 24*2074369 8*368209 
|524 274576 143877824 22*8910463 8062018 587|344569 202262003 24*22808298*372965 
525 275625 144703125,22*9128785 8067143 588 345744 203297472 24*24871 138*877718 
1526 76676 145531576 22*9346899 8*072262 589I34692 I 204336469 24*2693222 8*382465 

527 277729,146363183 22*9564806 8 077374 590,348100 205379000 24*2899156 8*387206 

528 278784 1471 97952 22*9782506 8 082480 591 .349281 206425071 24*3104916 8*391 942 


529 279841 14803588 9 2 3 0 


8*087579 592 350464 207474688 24*3310501 8*396673 


530 280900 1 48877000 23*021 7289 8 092672 593 351 649 208527857 24*351 5913 8*401398 

531 281961 14.9721291 123*0434372 8 097758 594 352836 209584584 24 *.3721 152 8*4061 1 8 

532 283024 150568768 23*0651252 8*102838 595 354025 210644875 24*3926218 8*410832 

533 284089 151419437 230867928 8*107912 596 355216 21 1708736 24*4131112 8*415541 

534 285156 152273304 23*1084400 8*1 12980 597 356409 2127761 73 24*4335834 8*420245 

535 286225 1 531 30375 23*1 .300670 8 *1 1 8041 598 357604 21 38471 92,24 *4540385 8*424944 

536 287296 153990656 23*1516738 8*123096 5991358801 214921 799,24*4744765 8*429638 

537 288369 154854153,23*1732605 8*128144 600!360000 21 6000000 24*4948974 8*4.34827 

538 289444 155720872 23*1948270 8*133186 601 .361201 21 7081801 24 *515.301 3 8*439009 


539 290521 156590819,23*2163735 8*138223 602 36240«tel 81 67208 24*5.356883 8*443687 

540 291600 157464000,23*2379001 8*14.3253 60,3 363609(21 9256227124*5560583 8*448360 

541 292681 158340421 23*2594067 8*148276 604 36481 6 220348864 24*5764115 8*45.3027 

542 293764 1 59220088 23 *2808935 8 *1 53293 605 366025 221 4451 25 24 *5967478 8 *457689 

543 294849 1 60103007 23*3023604 8*158304 606 367236 22254501 6 24*6170673 8*462347 

544 295936 1 6g9891 84,23 *3238076 8*1 63309 607 368449 223648543 24*6373700 8*466999 

545 297025 161878625,23*3452.351 8*168308 608 369664 224755712 24*6576560 8*471647 

546 2981 1 6 1 62771 336 2.3*3666429 8 1 73302 609 370881 225866529 24*6779254 8*476289 

547 299209 163667323 23*3880311 8*178289 610 372100 226981000 24*6981 781 8*480926 

548 300304 164566592 23*4093998 8*183269 611 373321 228099131 24*7184142 8*485557 

549 301 401 1 654691 49 23*4.307490 8*1 88244 612 374544 229220928 24*73863.38 8*4901 84 

550 .302500 1 66375000 23*4520788 8*1 93212 613 375769 230346397 24*7588368 8*494806 
55lj303601 167284151 23*4733892 8*198175 614.376996 231475544 24*7790234 8*499423 
552 .304704 168196608 23*4946802 8*203181 615 378225 232008375,24*7991 935 8*5040.34 
553,305809 169112377 23*5159520 8*208082 616 379456 233744896 24*8193473 8*508641 
554 306916 170031464 23*5372046,8*213027 617 380689 234885113 24*8394847 8*51324.3 
555,308025 1 70953875 23*5584380 8*21 7965 61 8 381 924 236029032 24*8596058 8*51 784rf 

556 309136171879616 23*5796522 8*222898 619383161 237176659 24*8797106 8*522432 

557 310249 1 7280869,3 23*6008474 8*227825 620 384400,238328000 24*8997992 8*52701 8 

558 .311364 1 737411 12 23*6220236 8*232746 621 385641 239483061,'24*9198716!8*531600 

559 312481 1 74676879 23*6431 808 8*237661 622 386884,240641 848 24*9399278 8 *5361 77 

560 313600 175616000 23*6643191 8*242570 623 388129 241804367 24*9599679'8*540749 

561 814721 ,1 76558481 '23*6854386 8*247474 624 889376 242970624 24*9799920,8 *54531 7 

562 315844 177504328 23*7065392 8*252371 625 390625 2441 40625 25*0 8*549879 

563 316969 178453547 23*7276210 8*257263 626 391876 245314376 25*01 99920 8*554437 
564(318096 179406144 23*7486842 8*262149 627 393129 246491883,25*0399681 8*558990 
565 319225 180362125 23*7697286 8*267029 628 894884'247673152 25^5992828*563537 
566[320356 I 81321496 23*7907545 8*271903 629 395641 248858189 25*0798724 8*568080 
[567 321 489 1 82284263 23*81 1 761 8 8*276772 630 396900 25004^000 25*0998068 %*5726l 8 





III. MKA^iURING AND ESTIMATING. J 787 


0 . 


Ko. 

Square. 

Cube. 

Square Root. 

Cube Root 

No. 

Square. 

Cube. 

Square Root. 

Cube Root. 

631 

632 
€33 

634 

635 

636 
€37 
638 
€39 

640 

641 

642 

643 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

654 

655 

656 

657 

658 

659 

660 
661 
1662 
,663 j 
,664 

665 

666 

667 

668 

669 

670 

671 

672 

673 

674 

675 

676 

677 

678 
,679 
,680 
681 
682 
688 
684 
1685 
686 
(687 
688 
689 
te9C 
691 
69S 

8981 61 

399424 

400689 

401956 

403225 

404496 

405769 

407044 

408321 

409600 

410881 

412164 

413449 

414736 

416025 

417316 

418609 

419904 

421201 

422500 

423801 

425104 

426409 

427716 

429025 

430336 

431649 

432964 

434281 

435600 

436921 

438244 

439,569 

440896 

442225 

443556 

444889 

446224 

447561 

448900 

450241 

451584 

452929 

454276 

455625 

456976 

458329 

459684 

461041 

462400 

463761 

465124 

466489 

467856 

469225 

470596 

471969 

47:1344 

► 474721 

> 476100 
477481 

1 478B64 
1480249 

251289591 
352435968, 
253636187 
254840104 
256047875 
2572594561 
258474853 
259694072 
260917119 
262144000 
263374721 
264609288 
265847707 
267089984 
268336125 
269586136 
270840023 
272097792 
273359449 
274625000 
275894451 
277167808 
278445077 
279726264 
281011375 
282300416 
283593393 
284890312 
2861 91 1 79 
287496000 
288804781 
290117528 
2914.34247 
2927.54944 
294079625 
295408296 
296740963! 
2980776.32 
29941 8309 
.30076,30001 
302111711 
303464448 
.30482121 7i 
3061 82024 
.307546875 
308915776 
310288733 
311665752 
313046839 
314432000 
315821241 
317214568 
318611987 
320013504 
321419125 
322828856 
324242703 
325660672 
32708276S 
1328509000 
329939371 

1 331.373888 
1332812557 

25*1197134 

25*1396102 

25*1594913 

25*1793566 

25*1992063 

25*2190404 

25*2388589 

25*2586619 

25*2784493 

25*2982213 

25*3179778 

25*3377189 

25*3574447 

25*3771551 

25*3968502 

25*4165.301 

25*4.361947 

25*4.558441 

25*4754784 

25*4950076 

25*5147016 

25*5342907 

25*5538647 

25*57342.37 

25*5929678 

25*6124969 

25*6.320112 

25*6515107 

25*6709953 

25*6904652 

25*7099201 

25*7203607 

25*7487864 

25*7681975 

25*7875939 

25*8069758 

25*8263431 

25*8456960 

25*8650.343 

25*8843582 

25*9036677 

25*9229628 

25*9422435 

25*9615100 

25*9807621 

26*0 

26*01 922.37 
260384.331 
26 0576284 
26 0768096 
260959767 
26*1151297 
26*1342687 
26*1533937 
26*1725047 
26*1916017 
26*2106848 
26*2297541 
126*2488095 
• 26*2678511 
26*2868789 
1 26*3058929 
26*3248932 

8*577152 
8*581680 
8*586204 
8*590723 
8*59,5238 
8*599747 
8*604252 
8*608752 
8*61.3248 
8*617738 
8*622224 
8*626706 
8*6.31183 
8*635655 
8*640122 
8*644585 
8*64904.3 
8*65,3497 
8*657946 
8*662301 
8*666831 
8*671266 
8*67.5697 
8*680123 
8*684545 
8*68896,3 
8*693376 
8*6.97784 
8*702188 
8*706587 
8*710982 
8*715373 
8*719759 
8.724141 
8*728518 
8*7.32891 
8*737260 
8*741624 
8*745984 
8*750340 
8*754691 
8*759038 
8*763380 
8*767719 
8*77205.3 
8 *776.382 1 
8*780708 
8*7850291 
8*789346 
8 *7936591 
8*7979671 
8*8022721 
8*806572 
8*810868 
8*815159 
8*8194I7| 
8*823730 
8*828009 
8*832285 
8*836556 
• 8*840822 
•8*845085 
8*849344 

694 

695 

696 

697 

698 

699 

700 

701 

702 

703 

704 

705 

706 

707 

708 

709 

710 

711 

712 

713 

714 

715 

716 

717 

718 

719 

720 
721 
722 

723 

724 

725 

726 

727 

728 
729 
7.30 
731 
7.32 
73.3 

734 

735 
7.36 

737 

738 
7.39 

740 

741 

742 

743 

744 

745 

746 

747 

748 

749 

750 

751 

752 

753 

754 

755 

756 

481636 

483025 

484416 

485809 

487204 

488601 

490000 

491401 

492804 

494209 

495616 

497025 

4984.36 
499849 
501261 
5026S1 
.504100 
505.521 
506944 
508369 
.509796 
511225 
512656 
514089 
515524 
516961 
518400 
519841 
521284 
522729 
524176 
525625 
527076 
528529 
529984 
531441 
532900 
534361 
535824 
5,37289 
538756 
540225 
541696 
.54.31 69 
544644 
546121 
547600 
549081 
550564 
552049 

15535.36 

555025 
556516 
558009 
559504 
*561001 
'562500 
1504001 
1565504 
'567009 
r' 56851 6 
; 570025 

15715.36 

334255384 

335702375 

337153536 

338608873 

840068392 

341532099' 

343000000' 

344472101 1 
345948408 
347428927 
348913664 
350402625 
351895816 
.353.39324.3 
354894912 
356400829 
.357911000 
.35942.5431 
360944128 
362467097 
.363994344 
365525875 
367061696 
.368601813 
370146232 
371694959 
378248000 
374805361 
376367048 
.37793.3067 
379503424 
381078125 
.382657176 
.38424058.3 
.385828352 
.387420489 
38901 7000 
390617891 
.39222.31 68 
.393832837 
.395446904 
397065375 
398688256 
40031 5553 
401 947272 
40.358.341 9 
405224000 
406869021 
40851 8488 
4101 72407 
411830784 
413493625 
415160936 
416832723 
418508992 
420189749 
421875000 
423564751 
<125259008 
426957777 
428661064 
1 430.368875 
; 432081 21 6 

26*3438797 

26*3628527 

26*3818119 

26*4007576 

26*41 96896 

26*4386081 

26*4575131 

26*4764046 

26*4952826 

26*5141472 

26*5329983 

26*5518361 

26*5706605 

26-5894716 

26*6082694 

26*6270539 

26*6458252 

26*66458.33 

26*683.3281 

26*7020598 

26*7207784 

26*7394839 

26*7581763 

26*7768557 

26*7955220 

26*8141754 

26*8.328157 

26*851 4432 

26*8700577 

26*8886593 

26*9072481 

26*9258240 

26*944.3872 

26*9629375 

26*9814751 

27*0 

27*0185122 
27*0370117 
27*0554985 
27*0739727 
27*0924.344 
27*11088.34 
27*129 5199 
27*1477439 
27*1661554 
27*1845.544: 
27*2029410 
27*2213152 
27*2396769 
27*2580263 
27*2763634 
27*2946881 
27*.31. 30006 
27*331.3007 
27*3495887 
27*.3678644 
27*3861279 
27*4043792 
27*4226184 
27*4408455 
27*4590604 
; 27 *4772633 
;'27*495<542 

8-853598 
8*857849 
8-862095 
8*866337 
8*870575 
8*874809 
8*879040 
8*883266 
8*887488 
8*891706 
8*895920 
8*900130 
8*904336 
8*9085.38 
8*9127.36 
8*91 6931 
8*121121 
8-925307 
8*929490 
8-933668 
8-937843 
8-942014 
8*9461 80 
8-950343 
8-954502 
8-958658 

8 962809 
8-966957 
8-971100 
8-97.5240 
8-979376 
8-98.3.508 
8-987637 
8-991762 

8- 995883 

9- 0 

9-004113 

9-008222 

9-012.328 

9*0164.30 

9*020.529 

9*024623 

9*028714 

9*0,32802 

9 *0.368851 
9-040965) 
9-04.5041 

9 -04 914 4 
9*053183 
9*057248 
9*061.309 
9*06.5367 
9*069422 
9*073472 
9*077519 
9*081563 
9*085603 
8*089639 
9*093672 

: 9*097701 
9*101726 
19*105748 
9*109766, 
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TUEOIIY OF ARCHITECTURE. 


BtWK 11} 


No. Square. 


Square Root Ciibe Root. 


I7S7 573049 433798093 27*51 36330,9*1 1 3781 
758,574564 43551 9512 27*531 7998 9*1 1 7793 

759 576081 437245479 27*5499546,9*121801 

760 577600 438976000 27*5680975 9*125805 

761 579121 440711081 27*5862284 9*129806 

762 580644 442450728 27*60434759*133803 

763 5821 69,4441 94947 27*6224546 9*137797 

764 583696 445943744 27*6405499 9*141788 

765 585225 447697125 27*6586334 9*145774 

766 586756 449455096 27*6767050 9*149757 

767 588289 451217663 27*6947648 9*153737 
7681589824 452984832 27*7128129 9*157713 

769 591361 454756609 27*7308492 9*161686 

770 592900 456533000 27 *7488739 9*1 65656 

771 594441 45831401 1 127*7668868 9*169622 

772 595984 460099648 27*7848880 9*173585 
,73 597529 461889917 27*8028775 9*177544 

774 599076 463684824,27*8208555 9*1 81 500 

775 600625,465484375 27*8388218 9*185452 

776 602176,467288576 27*8567766 9*189401 

777 603729 469097433 27*8747197 9*193347 

778 605284'47091 0952 27*8926514 9*197289 

779 606841 14727291 39 27*9105715 9*201228 

780 608400 474552000 27*9284801 9*205164 

781 609961 '476379541 27*9463772 9*209096 

782 611524,478211768 27*9642629 9*213025 

783 613089 480048687 27*9821372 9*216950 

784|614656 481890304 28*0 9*220872 

785 616225 483736025|28*0178515 9*224791 

786 617796 485587656 28*0356915 9*228706 

787 61 9369 487443403 28*0535203 9*23261 8 

788 620944,489303872 28*0713377 9*237527 

789 622521 491 169069 28*0891 438 9*240433 

790 624100 493039000 28*1069386 9*244335 

791 625681 1494913671 28*1247222 9*248234 

792 627264,496793088 28*1424946 9*252130 

793 628849,498677257 28*1602557 9*256022 

794 630436 500566184 28*1780056 9*259911 

795 632025 502459875 28*19.07444 9*263797 

796 6336161504358336 28*2134720 9*267679 

797 635209 506261573 28*2311884 9*271559 

798 636804 5081 69592 28*2488938 9*275435 

799 638401 '510082399 28*2665881 9*279308 

800 640000 51 2000000 28*284271 2 9*2831 77 

801 641 601 1513922401 28*.3019434 9*287044 

802 643204 515849608 28*3196045 9*290907 

803 644809 517781627 28*3372546 9*294767 

804 646416 519718464 28*3548938 9*298623 

805 648025 521660125 28*3725219 9*302477 

806 649636 523606616 28*3901391 9*306327 
807i651249 525557943 28*4v/77454 9*310175 
808,652864 527514112 28*4253408 9*314019 

809 654481 529475129 28*4429253 9*317859 

810 656100 531441000 28*4604989 9*321697 

811 657721 533411731 28*4780617 9*325532 

812 659344 535387328 28*4956137 9*329363 

813 660969 587367797 28*5131549 9*333191 

814 662596 539353144 28*5.306852 9*337016 

815 664225 541313375 28*5482048 9*340838 
816665856 543338496 28*5657137 9*344657 

817 667489 545338513 28*5882119 9*348473 

818 669124 547343482128*6006993 9*352285 

81 9 670761 |549353259i28*6181 760 9*356095 


820 672400 551368000 28*6356421 9*359901 
8211674041 553387661 28*6530976 9*363704 

822 675684 555412248 28*6705424 9*367505 

823 677329 557441767 28*6879766,9*371302 

824 678976 55947C224 28*7054002 9*375096 
825'680625 561515625 28*72281 32 9*378887 
8261682276 563559976 28*74021 57 9*382675 

827 683929 565609283 28*7576077 9*386460 

828 685584 567663552 28 7749891 9*390241 

829 687241 569722789 28*7923601 9*394020 

830 688900 571 787000 28*8097206 9*397796 
831 1690561 573856191 28*8270706 9*401569 
832 692224 575930368 28*8444102 9*405338 
833'693889 578009537 28*6617394 9*409105 

834 695556 580093704 28*8790582 9*412869 

835 697225 5821 82875 28*8963666 9*416630 

836 698896 584277056 28*91 36646 9*420387 

837 700569 586376253 28*9309523 9*424141 

838 702244 588480472 28*9482297 9*427893 

839 703921 590589719 28*9654967 9*431642 

840 705600 592704000 28*9827535 9*435388 

841 707281 594823321 29*0 9*439130 

842 708964 596947688 29*0172363 9*442870 

843 710649 599077107 29*0344623 9*446607 

844 712.3.36 601211584 29*0516781 9*450341 

845 714025 603351125 29*0688837 9*454071 

846 71571 7 605495736 29*0860791 9*457799 

847 717409 607645423 29*10.32644 9*461524 

848 719104 609800192 29*1204396 9*465247 

849 720801 611960049 29*1376046 9*468966 

850 722500 614125000 29*1547595 9*472682 

851 724201 616295051 29*1719043 9*476395 

852 725904 618470208 29*1890390 9*480106 

853 727609 620650477 29*2061637 9*483813 

854 72931 6 622835864 29*2232784 9*487518 

855 731025 625026375 29 *24038309*491219 

856 7327.36 627222016 29*2574777 9*494918 

857 734449 629422793 29*2745623 9*498614 

858 736164 63162871 2 29*291 6370 9*502307 

859 737881 633839779 29*3087018 9*505998 

860 7.39600 636056000 29*3257566 9*509685 

861 741.321 638277.381 29*3428015 9*51 3369 

862 743044 640503928 29*3598365 9*517051 

863 744769 642735647 29*3768616 9*520730 

864 746496 644972544 29*3938769 9*524406 

865 748225 647214625 29*4108823 9*528079 

866 749956 649461896 29*4278779 9*531749 

867 751689 651714363 29*4448637,9*53541 f 

868 753424 65.3972032 29*4618397,9*539081 

869 755161 656234909 29*4788059 9*542743 

870 756900 658503000 29*4957624 9*546402 

871 758641 660776311 29*5127091 9*550058 

872 760384 663054848 29*5296461 9*553712 

873 762129 665338617 29*5465734 9*557363 

874 763876 667627624 29*56.34910,9*561010 

875 765625 669921875 29*5803989 9*564655 

876 767376 672221376 29*5972972 9*568297 

877 769129 674526133 29*6141858,9*571937 

878 770884 676836152 29*6810648 9*575574 

879 772641 679151439 29*6479325 9*579208 

880 774400 681472000 29*6647989 9*582639 

881 776161 ,68.3797841 29*6816442|9*586468 
882|777924^6H6128968[29*6984848,9 590093 


Cha*. Itl. 


MEASURING AND ESTIMATING. 
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No. Squaro. 


Square Root., Cube Root. I No. Square. 


Square Root. Cube Root i 


883 779689l6884(?5387 29*7153159 9*593716 

884 7^1 456[ 690807 104 29*7,321375 9*597337 

885 783225 6931 54125 29*7489496 9*600954 

886 784996 695506456 29*7657521 *9*604569 

887 7867691697864103 29*7825452 9*608181 

888 788544! 700227072 29*7993289'9*611791 

889 790,321 70259.'>S69 29*81 61 030 9*61 5397 
'890 792100 704969000 29*8,328678 9*619001 

891 793881 1707,347971 29*8496231 9*622603 

892 795664 709732288 29*8663690 9*626?01 

893 797449712121957 29*8831056 9*629i 97 

894 799236 714516984 29*8998,328 9*633,390 

895 801025 716917375 29*9165506 9*636981 

896 80281 6 71 93231 36 29*9332591 19*640569 

1897 804609 721 7,34273 29*9499583 9*644154 
[898 806404 724150792 29*9666481 19*6477,36 
1899 808201 1 726572699 29*983328719*651316 
'POO'SIOOOO 729000000 30*0 9*654893 

|90! |81 1 801 |731 432701 30*01 66620 9 *658468 

902 81.3604 733870808 30 0333148,9*662040 

903 815409 7,36314327 30*0499584 9*665609 

904 817216 738763264 30 *0665928 '9 *6691 76 

905 819025 741217625 .30*08,32179 9*672740 

906 8208361743677416 30‘0998339'9*676301 

907 822649,746142643 30*11 64407 1 9 *679860 
908,824464 748613312 30*1330383 9*683416 

909 826281 ,751089429 30*1496269 9*686970 

91 0 8281 00 1 75.357 1 000 30 *1 662063 9 *69052 1 

911 8299211756058031 .30*1827765 9*694069 

912 831744 758550528 ,30*199.3377|9*697615 

913 83.3569 761048497 30*2158899,9*701158 

914 8.35396 76.3551944 30*2.324.329,9*704698 

915 8.37225 766060875 30*2489669 9*7082.36 

916 839056 768575296 30*2654919 9*711772 

917 840889|771095213 30*2820079 9*715.305 
hi 8 842724 77.36206,32 30*2985148 9*7188.35 
919 844561 776151559 30*3150128 9*722363 
j920 846400 778688000 30*331501 8 ' 9 *725888 
.921 848241 781229961 30*,347981 819*729410 
’922 850084 783777448 .30*3644529 9*732930 
|923 851929 786330467 30*.3809151 9*736448 
1924 85.3776 788889024 30*3973683 9*739963 

925 855625 79145.3125 30*4138127 9*74.3475 

926 857476 794022776 30*4302481 9*746985 

927 859329,796597983 30*4466747 9*750493 

928 861184 799178752 .30*46,30924 9*753998 

929 863041 '801 765089 30*479501,319*757500 

930 864900 ' 804.357000 30*4959014 9*761000 

931 866761 1806954491 30*5122926 9*764497 
9.32 868624 809557568 30*5286750 9*767992 

933 870489 812166237 .30*5450487|9*771484 

934 872.356 814780504 30*5614136 9*774974 

935 874225'81 7400375 80*5777697!9*77846I 

936 876096 820025856 30*5941 1 71 9 *782946 

937 877969 822656953 30*6104557 9*785428 

938 879844 825293672 30*6267857 9*788908 
9.39 881721 827936019 30*6431069 9*792386 

" 940 883600 830584000 30*65941 94 9*795861 1 
941 885481 833237621 80*6757233 9*79933311 


942 887364 835896888 30*6920185 , 9*802803 

943 889249 838561807 30*70830511 9*806271 j 
944 ' 8.911.36 841232.384 30*7245830 9*8097.36i 

945 893025 843908625 30*7408523 9*813198 

946 894916 846590536 30*75711 30 9*816659! 

947 896809 849278123 30*77.3.3651 9*820117 

948 898704 851971392 30*7896086 9*823572| 

949 900601 854670.349 30*8058436 9*827025 

950 902500 857375000 30*8220700 9*8.30475 

951 904401 860085351 30*8382879 9*833923 

952 906304 862801408 30*8544972 9*837369 
95.3 908209 865523177|30*8706.981 9*840812 

954 910116 868250664 ',30*8868904 9*844253 

955 912025 870983875 30 *90.30743 9*847692 

956 9139,36 873722816,30*9192497 9*851128 

957 915849 876467493 30*9.354166 9*854561 

958 917764 87921 791 2|30*951 57.51 9*857992 

959 919684 881 974079,30-9677251 9*861421 

960 921600 884736000 30*9838668 9*864848 

961 92.3521 88750.3681 31 *0 9*8682721 

962 925444 890277128 31*0161248 9*871694 

963 | 927.369 893056.347 31*0322413 9*875113 

929296 895841344.31*048,3494 9*8785.30 

965 931225 8986.32125 31 *0644491 9*881945 

966 9.3.3156 901428696 31 *0805405 9*885357 
; 967 935089 904231063 31 *09662.36 9*888767 
j 968 937024 907039232 31*1126984 9*892174 

969 9.38961 909853209 31*1287648 9*895580 

970 940900 912673000 31*1448230 9*89898.3 

971 942841 91549861 1 31 *1608729 9*902.383 

972 944784 918.330048 31 *1769145 9 905781 

973 946729 921167317 .31*1929479 9*909177 

974 948676 924010424 31*2089731 9*912571 

975 950625 926859375 31 *2249900 9 *915962 

976 952576 929714176 31*2409987 9*919351 

977 954529 932574833 31*2569992 9*922738 

978 956484 9.35441352131 *2729915 9*926122 

979 958441 938.313739 31*2889757 9*929504 

980 960400 941 1 92001 31 *304951 7 9*932883 

981 962361 944076141 31 *3209195 9*936261 

982 964324 946966168 31 *3368792 9’939636 

983 966289 949862087 31 *3528308 9*943009 

984 968256 952763904 31 *.3687743 9*940379 

985 970225 955671625 31 *3847097 9*949747 

986 972196 958585256 31 *4006369 9*953113 
937 974169 961504803 31 *4165561 9*956477 

988 976144 964430272 31 *4324673 9*959839 

989 978121 967.361669 31*4483704 9*963198 

990 980100 970299000 .31 *4642654 9*966554 

991 982031 973242271 31*4801525 9*969909 

992 984064 9761 91488 31 *4960315 9*973262 

993 986049 9791 4^;657 31 *5119025 9*976612 

994 988036 982107784 31 *5277655 9*979959 

995 990025 985074875 31 *5436206 9*983304 

996 992016 988047936 31 *5594677 9*986648 

997 994009 991026973 31 *5753068 9*989990 

998 996004 994011992 31*5911380 9*993.328 

999 998001 997002999 31 *6069613 9*996665 
10001000000 1000000000 31*6227767 10*0 
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229 7A. A power k that number which is obtained by multiplying a number sereral timet 
by itself. A square is the number muliplied by itself; a cube, twice by itself. The 
square is called the second power ; and the cube the third ; when multiplied again by 
itself it becomes the fourth power (commonly called the bi-quadrate ) ; and so on : — 


Power. 

Of No. 3. 

Of No. 8. 

Number. 

4th Power. 

8th Power. 

I. 

2 

3 

1 

1 

1 

II. or 

square 4 or 

square 9 

2 

16 

82 

III. or 

cube 8 or 

cube 27 

8 

81 

243 

IV. 

16 

81 

4 

266 

1,024 

V. 

32 

243 

6 

■i » 

3,125 

VI. 

64 

729 

6 


7,776 

VII. 

128 

2,187 

7 

2,401 

16,807 

VIII. ! 

266 

6,561 

8 

4,096 

32,768 

IX. 

612 

19,683 


6,561 


X. 1 

1,024 

69,049 


10,000 



2297^. We shall now at once proceed to the general principles on which the measure- 
ment and estimation of work in the several artificers’ departments are conducted ; pre- 
mising that the Manchester Society of Architects have issued a revise J edition (July 1886) 
of their recommendations as to the method of taking out quantities and measuring up 
work, which may possibly be of use and interest to many students. It is reprint^ in 
the British Architect for September 8, 1886, p. 233. 

2298. Excavator. Digging is performed by the solid yard of 27 cubic feet (that is, 
3 feet X 3 feet x 3 feel = feet). Where the ground is soft in consistence, and nothing 
more is necessary beyond cutting with a spade, a man may throw up a cubic ysrd per hour, 
or ten cubic yards in a day ; but if of firmer quality, hacking becomes necessary, and an 
additional man will be required to perform the same work ; if very strong gravel, more 
assistance will be required. If, therefore, the wages of a labourer were 2s. 6d. per day. 
the price of a yard would be 3d for cutting only, without profit to the contractor; 6d. for 
cutting and hacking, and 9d. if two hackers be necessary. In sandy ground, where 
wheeling becomes necessary, three men will remove 30 cubic yards in a day to the dis- 
tance of 20 yards, tuo for filling and one for wheeling. But to remove the same (quantity 
in a day to a greater distance, an additional man for every 20 yards will be required. 

2299. The quantity of excavation is the length multiplied into the depth and width. 

In the cases of trenches dug for the reception of walls, and sloped to prevent the earth 
fdlling in, a mean width is to bo taken. Thus, suppose an excavation 24 feet long, 4 feet 
wide at top, and 2 feet at the bottom (average width therefore 3 feet), and 6 feet deep, W'e 
have for the quantity of earth — = 13 33 cube yards. 

2300. Bricxwobjc. In measuring and estimating the value of brickwork, the following 
points must be remembered. A rod of brickwork is a mass 16^ feet square ; hence the 
quantity of superficial feet which it contains is 272^ feet (16’6 x 16 6) ; but the J of the foot 
is too trifiing to make it worth while to embarrass calculations with it, and consequently 
272 feet is universally taken as the superficial standard content of a rod. Its standard 
thickness fs one brick and a half (or 13^ inches). Hence it follows, that a cubic rod of 
brickwork would be 272 feet x 13J inche8*= 306 feet cube. The allowance for the number 
of bricks is taken as between 4000 and 4600 ; much depending on the closeness of the 
joints and the nature of the work. In walling, a reduced foot is generally taken as re- 
quiring 17 bricks ; a foot superficial in Flemish bond, laid in malm facing, about 8 bricks ; 
and a foot superficial of gauged arches, 10 bricks. In paving, a yard requires 82 paving 
bricks, or 48 stock bricks, or 144 Dutch clinkers laid on ed^e, or 36 bricks laid fiat. 

2301. Tiling is measured by the square of 100 superficial feet; a square will require 
800 at a 6-mch guage, 700 at a 7‘inch gauge, and 600 at an 8-inch gauge. The gauge 
necessarily regulates the distance of the laths, and, at the same time must be dependent 
oti the slope of the roof, which, if flat, should not be less than 6 inches, as for instance, 
above the kerb in a kerb roof ; and not more than 8 inches in any case. A square of 
plain tiling requires about on an average a bundle of laths, two busheli^f lime, and five 
of sand, and at least a peck of oak pins. The laths are sold in bundles of 3, 4, and 5-feot 
lengths. A bundle of the 3-feet contains eight score, the 4-feet six score, and the 6-feet 
five score to the bundle. The nails used are fourpenny ; they are purchased by the long 
hundred, that is, of six score, and, in day work, are charged by the bricklayer 6-8core to 
the hundred. The name of nails, as fourpenny, fivepenny, &c., means 4<Z,, bd , &c. per 100. 
The number of nails required for a bundle of 6-feet laths is 600, for 6-feet laths is 600. 

2302. A square of pantiling requires 180 tiles laid at a 10-inch gauge and a bundle of 
12 laths 10 feet long. (See Table 2321.) 

2303. In lime measure, a ** hundred ” is 100 pecks, or 25 striked bushels (a m^uxe). 
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In sand measure, 18 heaped bushels, or 21 striked bushels, 
equiJ to 1 yard cube, is a single lo^ and about 24 cubic feet 1 toa 

2805. In mortar 27 cubic feet make 1 load, which on common 
occasions contains half a hundred of lime with a proportional quantity 
of sanA £le¥efi hundred and thirty-four cubic inches make a hod 
of mortar; that is, a mass 9 inches wide, 9 inches high, and 14 
inches long. Two hods of mortar are nearly equal to half a bushel 
Hie following measures and weights it may be also useful to re- 
uiemlier : — " 

23] cubic feet of sand « 1 ton ; hence 1 cubic foot weighs 95*3 lira. 

1 7| cubic feet of clay » 1 ton ; hence 1 cubic foot weighs about 
130 lbs. 

18 cubic feet of common earth 1 ton; hence 1 cubic foot weighs 
nearly 124 lbs. 

306 cubic feet of brickwork n 13 torn, hence 1 cubic foot is equal 
to full 95 lbs. 

2306 In the measurement of brickwork, from the surface l>eing 272 
feet and the standard thickness 1 j brick, it will be immediately seen 
chat nothing more is requisite than, having ascertained the thickness of 
each part of the work, to reduce it to the standard thickness above 
stated, and this will he found sufficiently easy in almost all cases. 
Where, however, this cannot be done, we can always ascertain witii 
sufficient accuracy the cubic contents in fei't of any mass of brickwork ; 
and dividing by 306 we have the number of rods. 

2307. We here present an illustration in a wall of the most 
common occurrence 808A ), which we xvill suppose 20 feet long 
without reference to any wall which migat return from it, and thus di- 
minish its length in measuring therewith a returning waU, The follow- . 
ing is the method of entering and calculating the (Umensions. 


Factors to reduce 
the Area to 
Standard of 14 
Brick. 


Thickness reduced 
to 1| Brick 
in Feet sup. 



One-pair wall 


Two. pair wall 


Therefore the total is 963*4 superficial feet brick thick, and rods, 147 feet 

2308. Upon this principle the measuring and estimation of brickwork is conducted, and 
having the price and quantity of bricks in a rod, and the lime, sand, and labour, which 
will presently be given, we may come to a pretty accurate knowledge of its value. But 
fodre are other articles which will require our attention, to which we shall presently 
advert Before proceeding, however, we may as well observe that the above result of 
3 rods 147 feet might have been similarly obtained by cubing the mass of brickwork and 
dividing the whole mass by S06, but with much more labour. 








THEOEY OF ARCHITBCTURK 

^ 309 . In mwwuring waits fticed with brioM of n auperiot quality, th« afea of su^ iRaping 
must bo measured, or allowance extra is made in the price per rod of the brickwork. ' 

2310. All apertures and recesses from any of the frees ar^ deducted. 

231 1 . Gauged arches are sometimes deducted and chared separately, sometimes not; 
but whetlier deducted or not does not signify, «8 the extra price must be allowed in tl>e 
latter case and the whole price in the former. Rubbed and gauged arches, of whatever 
form, are measured and charged by the superficial foot. 

2312. The angles of groins, outside and inside splays, bird's mouths, bull's noses, ate* 
measured by the lineal or running foot ; but cuttings are measured by the foot superficial 
Chimneys are measured solid to dlow for the trouble of forming and pargetting ^e flues. 
The opening at bottom, however, is to be deduc?ted. 

2313. Quarters in bricknoggiujg are measured in, as are all sills, stone strings, and 

timber inserted in walls. Two inches are also allowed in the height of brickwork for 
bedding plates if no brickwork be over them. ' 

2314. Ovens, coppers, &c. are measured as solid work, deducting only the ash holes; 
but all (ire stone, Welsh lumps, tiles, &c., though measured alone, are not to be deducted 
out of the brickwork. Pointing, colouring, 8 ^ to fronts, is measured by the foot super- 
ficial. Flantile creesing by the foot lineal. 

To estimate the value of a rod of brickwork, the method is as under : — 


4500 stocks, at per thousand - - - - - 

H hundred of lime = 37 J striked bushels containing 27 feet cube to the 
hundred 
2 loads of sand 
Labour and scaffolding 


Per cent, profit 


£ i. d. 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 * 

0 0 0 


Per rod 


O O O 


2315. In mea.suring and estimating all sorts of artificers' works, the method usually 

adopted for saving labour in making out the account is to arrange in separate columns each 
sort of work, and then to add them up and carry the total to the bill. In brickwork, 
where walls are of different thicknesses, these with their deductions are arranged in sepa- 
rate columns, and then all are reduced to the standard thickness. '' 

2316. The common measure for tiling is a square of 10 feet, containing therefore 100 
feet superficial. Claims are made for the eaves to the extent of 6 inches ; hut in pantiliug 
this ought not to be allowed, as a claim not frunded in justice, though custom is pleaded 
for it. 

2317. The following table shows the number of bricks necessary for construethlgvtny 
number of superficial feet of walling from 1 to 90,000, and from half a brick to 2J bricks 
thick ; and thence, by addition only, to any thickness or number required, at the rate ot 
4500 bricks to a reduced rod Thus, if it be required to find the number of bricks wanted 
to build a piece of workuorttaining 756 feet super, of walling lA brick thick, we find by 
ins])ection for 700 feet 11580 bricks; for 50 feet, 827 bricks ; and for 6 feet, 99 bricks; in 
all, 11580 + 827 + 9^-12506. 


Table showing the requisite Quantitt or Bricks for a given Superficies of Walling. 


Area 


Ko. dr Bricks to Thicknesses of 


of Wall In 
Feet. 

• 

^ Brick. 

1 Brick. 

Brick. 

2 Bricks. 

2| Bricks. 

1 

5 

11 

16 

22 

27 

2 

11 

22 

83 

44 

55 

3 

16 

S3 

49 

66 

82 

4 

22 

44 

66 

88* 

no 

5 

27 

55 

89 

ilo 

137 

6 

83 

66 

99 

132 

165 

7 

38 

77 

115 

154 

193 

8 

44 . 

88 

192 

176 

220 

9 

49 

99 

148 

198. 

248 

’ 10 

55 ’ 

^ no 

165 

,990 

975 

90 

no 

990 

990 . 

,441 . 

551 . 

SO 

165 

830 

486 

66I-. 

897 : 
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Ares 

Vo, of Bricks to Thicknesses of 

of Wall la 
Feet. 

1 Brick. 

1 Brick. 

, 1| Brick. 

2 Bricks. 

SiBrkiU. 1 

40 

220 

441 

661 

882 

1102 

50 

275 

551 

827 

1102 

2378 

60 

330 

661 

992 

1.323 

1654 

70 

386 

772 

1158 

1544 

1930 

80 

441 

882 

1323 

1764 

2205 

90 

496 

992 

1488 

1985 

2481 

100 

551 

1102 

1654 

2205 

2757 

200 

1102 

2205 

3308 

4411 

5514 

SOO 

1654 

3.308 

4963 

6617 

8272 

400 

2205 

4411 

6617 

8323 

11029 

500 

2757 

5514 

8272 

11029 

13786 

600 

3308 

6617 

9926 

1S2S5 

16344 

700 

3860 

7720 

11380 

15441 

19.301 

800 

4411 

B823 

1.3235 

17647 

22058 

800 

4963 

9326 

14889 

19852 

24816 

1000 

5514 

11029 

16544 

22058 

25753 

2000 

11029 

22058 

33088 

44117 

55147 

sooo 

16544 

B.3088 

496.32 

66176 

" 82720 

4000 

22058 

44117 

66176 

88235 

110294 

5000 

1 27573 

.55147 

82720 

110294 

137867 

6000 

i 33088 

66176 

99264 

132352 

165441 

7000 

38602 

77205 

i 115803 

154411 

193014 

8000 

44117 

88235 

i 132352 

176470 

220588 1 

9000 

49632 

99264 

148896 

198529 

248161 1 

10000 

55147 

110294 

165441 

220588 

275735 ! 

20000 

110294 

220588 

3.30882 

441176 

551470 

30000 

165441 

330882 

496323 

661764 

. 827205 

40000 

220588 

441176 

661764 

882.352 

1102940 

50^00 

275735 

551470 

827205 

1102940 

1378675 

60000 

330882 

6^1764 

992646 

1323528 I 

1654410 

70000 

386029 

7720.53 

1168087 

1544116 

1930145 

80000 

441175 

882352 

1,323528 

1 704704 1 

2205080 

90000 

j 

496323 

1 — 

992646 

p 

1468969 

1985292 * 

2481615 


231 8 . The next table which we submit (br use exhibits th# number of reduced feet to 
superficial feet from 1 to 10,000, the thicknesses being from 4^ bricks. 


Area of 
Wall in 
super- 
flcis4 
Feet. 

Reduced Quantity la 

A Brick. 

1 Brick. 

li Brick. 

2 Bricks. 

2| Bricks. 


Rods 

qrs 

It. 

In. 

Rods, qrs 

. ft 

In. 

Rods. qrs. ft. 

in. 

Ro<ls. qrs. ft 

in. 

Rods. qrs. ft 

In. 

1 

0 

0 

0 

4 

0 

0 

0 

8 

0 

0 

1 

0 

0 

0 

1 

4 

0 

0 1 

8 

2 

0 

0 

0 

8 

0 

0 

1 

4 

0 

0 

2 

0 

O 

0 

2 

8 

0 

0 3 

f 

8 

0 

0 

1 

0 

0 

0 

2 

0 

0 

0 

3 

0 

O 

0 

4 

0 

0 

0 5 

0. 

4 

0 

0 

1 

4 

0 

0 

2 

8 

0 

0 

4 

0 

0 

0 

5 

.4 

0 

0 6 

8 

5 

0 

0 

1 

8 

0 

0 

3 

4 

0 

0 

5 

0 

0 

0 

6 

8 

0 

0 8 

4 

6 

0 

0 

2 

0 

0 

0 

4 

0 

0 

0 

6 

0 

0 

0 

8 

0 

0 

0 10 

0 

7 

0 

0 

2 

4 

0 

0 

4 

8 

0 

0 

7 

0 

0 

0 

9 

4 

0 

0 11 

8 

8 

0 

0 

2 

6 

0 

0 

5 

4 

0 

0 

8 

0 

0 

0 

10 

8 

0 

0 13 

4 

9 

0 

0 

8 

0 

0 

0 

6 

0 

0 

0 

9 

0 

0 

0 

12 

0 

0 

0 15 

0 

10 

0 

0 

3 

4 

0 

0 

6 

8 

0 

0 

10 

0 

0 

0 

13 

4 

0 

O 16 

8 

11 

0 

0 

3 

8 

0 

0 

7 

4 

0 

0 

11 

0 

0 

0 

14 

8 

0 

0 18 

4 

' 12 

0 

0 

4 

0 

0 

0 

8 

0 

0 

0 

12 

0 

9 

0 

16 

0 

0 

0 20 

0 

18 

0 

0 

4 

4 

0 

0 

S 

8 

o 

0 

18 

0 

6 

0 

17 

4 

O 

0 21 

8 

14 

0 

0 

4 

8 

0 

0 

9 

4 

0 

0 

14 


0 

0 

18 

6 

0 

0 S3 

4 

15 

0 

0 

5 

0 

9 

0 10 

0 

0 

0 

15 

0 

0 

0 

SO 

0, 

0 

0 25 

0 

. 16 

0 

0 

5 

4 

0 

0 

10 

8 

0 

0 16 

0 

0 

0 

SI 

4 

0 

0 26 

8 

17 

0 

0 

3 

« 

0 

0 11 

4 

c 

f 17 

a 

Q 

0 

ss 

8 

1 

0 28 

4 
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Reduced Quantity hi 


20 0 
21 0 


I. qrt. ft. in. 
0 6 0 
0 6 4 
0 6 8 
0 7 0 
0 7 4 

0 7 8 

0 8 0 
0 8 4 

0 8 8 
0 9 0 
0 9 4 

0 9 8 

0 10 0 
0 10 4 
0 10 8 
0 110 
0 114 
0 118 
0 12 0 
0 12 4 

0 12 8 
0 18 0 
0 13 4 

0 13 8 

0 14 0 

0 14 4 

0 14 8 

0 15 0 

0 15 4 

C 15 8 

0 16 0 
0 16 4 

0 16 8 
0 20 0 
0 23 4 

0 26 8 
0 SO 0 

0 33 4 

0 66 8 

1 32 0 

1 65 4 

2 30 8 

2 64 0 

3 29 4 
3 62 8 ^ 
0 28 0 

0 61 4 

1 54 8 

2 48 0 

3 41 4 

0 34 8 

1 28 0 

2 21 4 

3 14 8 

0 8 0 
1 1 4 


Rodt. qrt. ft in. 
0 0 12 0 
0 0 12 8 
O 0 13 4 
0 0 14 0 
0 0 14 8 
0 0 15 4 
0 0 16 0 
0 0 16 8 
0 0 17 4 

0 0 18 0 
0 0 18 8 
0 0 19 4 
0 0 20 0 
0 0 20 8 
0 0 21 4 

0 0 22 0 
0 0 22 8 
0 0 23 4 
0 0 24 O 
0 0 24 8 
0 0 25 4 
0 0 26 0 
0 0 26 8 
0 0 27 4 
0 0 28 0 
0 0 28 8 
0 0 29 4 
0 0 30 0 
0 0 30 8 

0 0 31 4 

0 0 32 0 
0 0 32 8 

0 0 33 4 

0 0 40 0 
0 0 46 8 

0 0 53 4 
0 0 60 0 
0 0 66 8 
0 1 65 4 
0 2 64 0 

0 3 62 8 

1 0 61 4 

1 1 60 0 
1 2 58 8 

1 3 57 4 

2 0 56 0 

2 1 54 b 

4 3 41 4 I 


Rodt. qrt. ft. in. 
0 0 18 0 
0 0 19 0 
0 O 20 0 
0 0 21 0 
0 0 22 0 
0 0 23 0 

0 0 24 0 

0 0 25 0 

0 0 26 0 
0 0 27 0 
0 0 28 0 
0 0 29 0 
0 0 SO 0 
0 0 31 0 

0 0 32 0 

0 0 33 0 

0 0 34 0 

0 0 35 0 
0 0 36 0 

0 0 37 0 

0 0 38 0 

0 0 39 0 
0 0 40 0 
0 0 41 0 

0 0 42 0 
0 0 43 0 
0 0 44 0 
0 0 45 0 
0 0 46 0 
0 0 47 0 
0 0 48 0 

0 0 49 0 
0 O 50 0 
0 0 60 0 
0 12 0 
0 1 12 0 
0 I 22 0 
0 1 32 0 

0 2 tA 0 

1 0 28 0 

1 1 60 0 
J 3 24 0 

2 0 56 0 
2 2 20 0 

2 3 52 0 

3 1 16 0 
3 2 48 0 
7 1 28 0 


Rodt. qrt. ft. in. 
0 0 24 0 
0 0 25 4 
0 0 26 8 
0 0 28 0 
0 0 29 4 
0 0 30 8 
0 0 32 0 
0 0 33 4 
0 0 34 8 

0 0 36 0 
0 0 37 4 

0 0 38 8 
O 0 40 0 
0 0 41 4 

0 0 42 8 

0 0 44 0 
0 0 45 4 

0 0 46 8 
0 0 48 0 
0 0 49 4 

0 0 50 8 
0 0 52 0 
0 0 53 4 

0 0 54 8 

0 0 56 0 
0 0 57 4 

0 0 58 8 

0 0 60 0 
0 0 61 4 

0 0 62 8 
0 0 64 0 
0 0 65 4 
0 0 66 8 
0 1 12 0 
0 1 25 4 

0 1 38 8 

0 1 52 0 

0 1 65 4 


2|Brlokt. 


Rodt* qrt. ft. In. 
0 0 SO 8 
0 0 31 8 

0 0 33 4 
0 0 35 O 
0 0 36 8 
0 0 38 4 
0 0 40 0 
0 0 41 8 

0 0 43 0 
0 0 45 4 
0 0 46 8 
0 0 48 4 
0 0 50 0 
0 0 51 8 

0 . 0 53 4 
0 0 55 O 
0 0 56 8 
0 0 58 4 
0 0 60 0 
O 0 61 8 

0 0 63 4 
0 0 65 0 
0 0 66 8 
0 10 4 
0 12 0 
0 13 8 
0 15 4 

0 17 0 
0 18 8 
0 1 10 4 

0 1 12 0 
0 1 13 8 
0 1 15 4 
0 1 32 0 
0 1 48 8 

0 1 65 4 

0 2 14 0 

0 2 30 8 

1 0 61 4 

1 3 24 0 

2 1 54 8 

3 0 17 4 

3 2 48 0 

4 1 10 8 

4 3 41 4 

5 2 4 0 


7 

1 

28 

0 

11 

0 

8 

0 

14 

2 

46 

9 

3 

14 

8 

14 

2 

56 

0 

19 

2 

29 

12 

1 

1 

4 

18 

1 

36 

0 

24 

2 

2 

14 

2 

56 

0 

22 

0 

16 

0 

29 

1 

44 

17 

0 

42 

8 

25 

2 

64 

0 

34 

1 

17 

19 

2 

29 

4 

29 

1 

44 

0 

39 

0 

58 

22 

0 

16 

0 

33 

0 

24 

0 

44 

0 

32 

24 

2 

2 

8 

36 

3 

4 

0 

49 

0 

5 


2 1 54 8 

3 0 17 4 

3 2 48 0 

4 1 10 8 

4 3 41 4 

5 2 4 0 

6 0 34 8 

12 1 1 4 

18 1 36 0 
24 2 2 8 

I 30 2 37 4 
I 36 3 4 0 
42 3 38 8 
49 0 5 4 
1 35 O 40 0 


2319. The fbllouriiig table exhibits the value of a rod of brickurork (allowing 450u 
bricks to a rod) at the prices from 30t. to 60<f. per thousand for the bricks, and for labour, 
mortar, and scaffolding the several sums of 3/. 5s., 3A 10s., 3/. 15s., 44, 44 5s., and 44 10s. 
per rod. 










CMif. 


MEASUEING AND ESTJMATim 


795 


Thoana^ 

urtAeapar 
Kod,a<. bi. 

Labour. Ilnr« 
tar, kt. par 
ttod, 3/. Io«. 

Uhour, Mor- 
tar. 3rc. iw 
Kod, 3/. l&i. 

Labour, Mor- 
Ur, dec. per 
Kod. 4/. 

Labour, Mor- 
tar, Ac. per 
Kod, 4/. U. 

Labour, Mor. t 
tar, &c. iwr 1 
Rod, 4/. I0«. 1 

t. 

SO 

£ 

1C 

t. 

0 

d. 

0 

£ 

10 

t. 

5 

d. 

0 

EBl 

d. 

0 

£ 9. 

10 15 

d. 

0 

£ s. 

11 0 

d. 

0 

£ 

11 

«. 

5 

d. 

0 

ss 

10 

9 

0 

10 

14 

0 

10 19 

0 

11 4 

0 

11 9 

0 

11 

14 

0 

S4 

10 

18 

0 

11 

3 

0 

11 8 

0 

11 13 

0 

11 18 

0 

12 

3 

0 

S6 

11 

7 

0 

11 

12 

0 

11 17 

0 

12 2 

0 

12 7 

0 

12 

12 

0 

SB 

11 

16 

0 

12 

1 

0 

12 6 

0 

12 11 

0 

12 16 

0 

13 

1 

0 


12 

5 

0 

12 

10 

0 

12 15 

0 

13 0 

0 

13 5 

0 

13 

10 

0 

42 

12 

14 

0 

12 

19 

0 

13 4 

0 

13 9 

0 

13 14 

0 

13 

19 

0 

44 

13 

3 

0 

13 

8 

0 

13 13 

0 

13 18 

0 

14 3 

0 

14 

8 

0 

40 

13 

12 

0 

13 

17 

0 

14 2 

0 

14 7 

0 

14 12 

0 

14 

17 

0 

48 

14 

1 

0 

14 

6 

0 

14 11 

0 

14 16 

0 

15 1 

0 

15 

€ 

0 

SO 

14 

10 

0 

14 

15 

0 

15 0 

0 

15 5 

0 

15 10 

0 

15 

15 

0 

52 

14 

19 

0 

15 

4 

0 

15 9 

0 

15 14 

0 

15 19 

0 

16 

4 

0 

54 

15 

8 

0 

15 

13 

0 

15 18 

0 

16 3 

0 

16 8 

0 

16 

13 

0 

56 

15 

17 

0 

16 

2 

0 

16 7 

0 

16 12 

0 

16 17 

0 

17 

2 

0 

58 

16 

6 

0 

16 

11 

0 

16 16 

0 

17 1 

0 

17 6 

0 

17 

11 

0 

60 

16 

15 

0 

17 

0 

0 

17 5 

0 

17 10 

0 

17 15 

0 

18 

0 

0 


2320. The following is a table of the decimal parts of a rod of reduced brickwork. 


Feet. 

Dec. Farts . 

Feet. 

Dec. Parts. 

Feet. 

Dec. Parts. 

Feet. 

Dec. Parts. 

Feet. 

Dec. Parts. 

1 

•00367 

41 

•15073 

81 

•29779 

121 

•44485 

161 

•59191 

2 

•00735 

42 

•15441 

82 

•.30147 

122 

•44852 

162 

•59o59 

3 

•01102 

43 

•15809 

83 

-.30515 

123 

*45220 

163 

•59926 

4 

•01470 

44 

•16176 

84 

-.30882 

124 

•45588 

164 

•60294 

5 

•01838 

45 

•16544 

85 

•3125 

125 

•45956 

165 

•60662 

6 

•02206 

46 

•16912 

86 

•31617 

126 

•46323 

166 

•61029 

7 

•02573 

47 

•17279 

87 

•31985 

127 

•46691 

167 

•61397 

8 

•02941 

48 

•17647 

88 

•32353 

I2S 

•47059 

168 

•61765 

9 

•03309 

49 

•18015 

89 

•32720 

129 

•47426 

169 

•62132 

10 

•03676 

50 

•18382 

90 

•3.3088 

1.30 

•47794 

170 

•625 

11 

•04044 

51 

•1875 

91 

-.33456 

1.31 

•48162 

171 

•62867 

12 

•04412 

52 

•19117 

92 

•33823 

132 

•48529 

172 

•632.35 

13 

•04779 

53 

•19485 

93 

•34191 

1.33 

•48897 

173 

•63604 

14 

•05147 

54 

•19852 

94 

•34559 

134 

•49265 

174 

•63971 

15 

•05515 

55 

•20221 

95 

•34926 

1.35 

•49632 

175 

•64338 

J6 

•05882 

56 

•20588 

96 

•35294 

136 

•5 

176 

•64706 

17 

•0625 

57 

•20956 

97 

•35662 

1.37 

•50637 

177 

•65073 

18 

•06617 

58 

•21323 

98 

•36029 

138 

•50735 

178 

•65441 

19 

•06985 

59 

•21691 

99 

•36397 

139 

•51102 

179 

•65809 

20 

•07353 

60 

•22059 

100 

•36765 

140 

•51470 

180 

•66176 

21 

•07721 

61 

•22426 

101 

•37132 

141 

•518.38 

181 

•66544 

22 

•08088 

62 

•22794 

102 

•375 . 

142 

•52206 

182 

•6691 2 

23 

•08456 

63 

•23162 

103 

•37867 

143 

•52573 

18.3 

•67279 

24 

•08823 

64 

•23529 

104 

•38235 

144 

•52941 

184 

•67647 

25 

•09191 

65 

•23897 

105 

•38604 

145 

•53.309 

185 

•68015 

26 

•09559 

66 

•24265 

106 

•38970 

146 

•53676 

186 

•68382 

27 

•09926 

67 

•24632 

107 

-.39338 

147 

•54044 

187 

•6875 

28 

•10294 

68 

•25 

108 

•39706 

148 

•54412 

188 

•69117 

29 

•10662 

69 

•25367 

109 

•40073 

149 

•54779 

189 

•69485 

30 

•11029 

- 70 

•25735 

110 

•40441 

150 

•55147 

190 

•69853 

31 

•11397 

71 

•26103 

111 

•40809 

151 

•55515 

191 

•70221 

32 

•11765 

72 

•26470 

112 

•41176 

152 

•55882 

192 

i -70588 

33 

•12132 

73 

•26838 

113 

•41544 

153 

•5625 

193 

•70956 

34 

•125 

7^ 

•27206 

114 

•41912 

154 

•56617 

194 

•71323 

35 

*12867 

75 

•27573 

115 

, -42279 

155 

•56985 

195 

•71691 

36 

•13235 

76 

•27941 

116 

•42647 

156 

•57.353 

196 

•72059 

' 37 

•13604 

77 

•28309 

117 

•43015 

157 

•57721 

197 

•72426 

38 

•13970 

78 

•28676 

118 

•43382 

158 

•58088 

198 

•72794 

39 

•14J38 

79 

•29044 

119 

•4375 

159 

•58456 

199 

•73162 

40 

•14706 

60 

•29412 

120 

•44117 

160 

•58823 

200 

•73529 
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Book It, 


Feet 

Dec. Parts. 

Feet. 

Dec. Parti. 

Feet. 

Dec. Parts. 

Feet. 

Dec. Parti. 

1 Feet. 

Dec. Paris 

201 

•73897 

216 

•79412 

231 

•84926 

245 

•90073 

259 

•95221 

202 

•74265 

217 

•79779 

232 

•8.5294 

246 

•90441 

260 

•95588 

203 

•74632 

218 

•80147 

2.33 

•85662 

247 

•90809 

261 

•95956 

204 

•75 

219 

•80515 

234 

•86029 

248 

•91176 

262 

•96323 

205 

•75367 

220 

80882 

235 

•86397 

249 

•91544 

263 

•96691 

206 

•75735 

221 

•8125 

236 

•86765 

250 

•91912 

264 

•97059 

207 

•76ia3 

222 

•81617 

237 

•87132 

251 

•92279 

265 

•97426 

208 

•76470 

223 

•81985 

2.38 

•875 

252 

•92647 

266 

•97794 

209 

•76838 

224 

*82353 

239 

•87867 

253 

•93015 

267 

•98162 

210 

•77206 

225 

•82721 

240 

•88235 

254 

•93382 

268 

•98529 

211 

•77573 

226 

•8.3088 

241 

•88604 

255 

•9.375 

269 

•98897 

212 

•77941 

227 

•8.3456 

242 

•88970 

256 

•94117 

270 

•99265 

213 

•78.309 

228 

•83823 

243 

•89.3.38 

257 

•94485 

271 

•996.32 

214 

•78676 

229 

•84191 

244 

•89706 

258 

•94853 

272 

I-OIXXX) 

215 

•79044 

230 

•84559 








12321. The subjoined table shows the number of plaintiles or pantiles required to covei 
any area from 1 to 10,CXX) feet 


Feet inr»er- 
fictal. 

Plaintiles. 


Pantiles. 


Gauges. 

Gauges. 


6 inches. 

6| inches. 

7 inches. 

11 inches. 

12 inches. 

13 inches. 

1 

n 

7 

61 

U 

H 

li 

2 

15 

14 

1.3 

SJ 

3 

2; 

3 

22J 

21 

19J 

5 

41 

4 

4 

30 

28 

26 

6§ 

6 

51 

5 

37J 

35 

32i 


n 

6? 

6 

45 

42 

39 

10 

9 

8 

7 

521 

40 

45{ 

"3 

10.1 

H 

8 

60 

56 

52 

i:!i 

12 

10? 

9 

C7i 

63 

58j 

15 

13J 

12 

10 

75 

70 

65 


15 


20 

150 

140 

130 

3.3j 

30 

S26| 

30 

225 

210 

195 

50 

45 

40 

40 

300 

280 

260 

6«3 

60 

S3? 

50 

375 

350 

325 

88J 

75 

66? 

60 

450 

420 

890 

100 

90 

80 

70 

525 

490 

455 

116? 

105 

93? 

80 

600 

560 

520 

1331 

120 

106? 

90 

675 

6.30 

585 

150 

1.35 

120 

100 

750 

700 

650 

166? 

150 

133? 

200 

1500 

1400 

1.300 

333j 

300 

266§ 

300 

2250 

2100 

19.50 

500 


400 

400 

3000 

2800 

2600 

666§ 

gjpi 

i« 53.31 

500 

3750 

3500 

8250 

833J 


6661 

600 

4500 

4200 

3900 

1000 

900 

800 

700 

5250 

4900 

4550 

1166§ 

1050 

9331 

800 

6000 

5600 

5200 

1 33.3J 

1200 

1066; 

900 

6750 

6300 

5850 

1500 

1350 

1200 

1000 

7500 

7000 

6500 

1666§ 

1500 

13.3.31 

2000 

15000 

14000 

13000 

.3333J 

3000 

2666§ 

3000 

22500 

21000 

19500 

5000 

4500 

4000 

4000 

30000 

28000 

26000 

6666J 

6000 

533.3} 

5000 

37500 

35000 

32500 

83331 

7500 

6666} 

6000 

45000 

42000 

39000 

10000 

9000 

8000 

7000 

52.500 

49000 

45500 

11 666$ 

10500 

933.3} 

8000 

60000 

56000 

52000 

133331 

12000 

10666} 

9000 

67500 

6,3000 

j 58500 

15000 

1.3500 

12000 

10000 

75000 

70000 

65000 

26666; 

15000 

13333} 
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The use of the foregoing tables it oan scarcely be necessary to explain. They are such 
ns to indicate, on inspection, their value ; and we shall therefore leave them without fur- 
ther comment for their application. ^ 

2322. When work is performed by the day, or the materials used are to be numbered, 
Rs oRtimes necessarily occurs, fire bricks, red rubbers, best marie stocks for cutters, 
second best ditto, pickings, common bricks, place bricks, paving bricks, kiln-burnt bricks, 
Slid Dutch clinkers are charged by the thousand. 

2323. Red rubbers, kiln and fire-burnt bricks, are also charged by the hundred. Foot 
tiles and ten inch tiles are charged either by the thousand or hundred 

2324. Siiuk foot tiles and tendnch tiles with five holes, now never used in the south of 
England, are charged by the piece. 

2325. Pantiles, plaintiles, and nine-inch tiles are charged by the thousand. 

2326. Oven and Welsh oven tiles, Welsh fire lumps, fire bricks, and chimney pots are 
also sold by the piece. 

2.327. Sand, clay, and loam are charged by the load ; lime sometimes by the hundred 
weight; but the hundred of 100 pecks is the more usual measure in and about the metro- 
polis. Dutch terras is charged by the bushel, which is also sometimes the measure of lime. 
Portland and other cements are similarly charged. Plaster by the bag. 

2328. Pantile and plaintile laths are charged by the bundle or load; hair and mortar 
by the load; hip hooks and T tiles by the piece. 

2329 Neither here, nor in the following pages, is it intended to convey to the reader 
more than the principles en which an estimate is founded. The prices of' mater'ials are m 
a state of constant fluctuation; something approaching a constant value, from the known 
performance of a good workman, was given in the previous editions from the computations 
of Peter Nicholson, but tl ey are now omitted. Wood working machinery has al^ altered 
the values very materially. 


CARPKNTRY AND JOINERY. 

2330. The works of the Carpenter are the preparation of piles, sleepers, and planking, 
and other large timbers, formerly much, but now rarely, used in foundations ; the centering 
on which vaults are turned ; wall plates, lintels, and bond timbers ; naked flooring, quarter 
partitions, roofing, battening to walls, ribbed ceilings for the formation of vaulting, coves, 
and the like in lath and plaster, posts, &c. 

2331. In large measures, where the quantity of materials and workmanship is uniform, 
the articles are usually measured by the square of ICX) feet Piles should be measured 
by the foot cube, and the driving by the foot run according to the quality of the ground 
into which they are driven. Sleepers and planking are measured and estimated by the 
foot, yard, or the square. 

2332. Plain centering is measured by the square ; but the ribs and boarding, being 
different qualities of work, should be taken separately. The dimensions are obtained by 
girting round the arch, and multiplying by the length. Where groins occur, besides the 
measurement as above, the angles must be measured by the foot run, that is, the ril)s and 
boards are to be measured and valued separately, according to the exact superficial contents 
of each, and the angles by the linear foot, for the labour in fitting the ribs and boards, and 
%raste of wood. 

2333. Wall plates, bond timbers, and lintels are measured by the cubic foot, and go 
under the denomination of fir in bond, 

2334. In the measurement and valuation of naked flooring, we may take it either by 
the square or the cube foot. To form an idea of its value, it is to be observed, that in 
equal cubic quantities of small and large timbers the latter will have more superficies than 
the former, whence the saving is not in proportion to the solid contents ; and the value, 
therefore, of the workmanship will not be as the cubic quantity. The trouble of moving 
timbers increases with their weight, hence a greater expenditure of time ; which, though 
not in an exact ratio with the solid quantity, will not be vastly different, their sections not 
varying considerably in their dimension& As the value of the saving upon a cube foot is 
comparatively small to that of the work performed by the carpenter, the whole cost of 
labour and materials may be ascertained with sufficient accuracy when the work is 
uniform. 

2335. When girders occur hi naked flooring, the uniformity of the work is thereby 
interrupted by the mortices and tenons which become necessary ; thus the amount arising 
from the cubic quantity of the girders would not be sufficient at the same rate per foot as 
is put on the other parts, not only because of tlie difference of the site, but because of the 
mortices which are cut for the reception of the tenons of the binding Joists. Hence, for 
valuing the labour and materials, the whole should be measured and valued by the cubic 
•quantity, and an additional rate must be put upon every aofid foot of the girderr; or, if 
the binding joists be not inserted in the girders at the usual distances, a fixed price must 
be put upon every mortice and tenon in proportion to their sixe, The binding joists are 
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not tinfr qnently palley or chase-wortiaed for the reception of the ceiling wiatfi j some- 
times they are notched to receixe the bridgii^ joists on them, and they should therefore be ^ 
classed by themselves at a Ini^r price per foot cuoe, or at an additions! price for the 
workmanship, beyood common joisting. All theso matters must be in proportion to the 
description of the work, whether the ceiling joists be put in with pulley mortises and 
tenons, or the bridgings notched or adzed down. 

28B6. Partitions may be measured and estimated by the cube foot ; but the sills, top 
pieces, and door heads should be measured by themselves, according to their cubic contents, 
at a larger price ; because not only the uniform solidity, but the uniform quantity, of the 
workmanship is interrupted by them. The braces in trussed partitions are to be taken 
by the foot cube at a larger price than the common quartering, on account of the trouble 
of htting the ends of the uprights upon their upper and lower sides, and of forming the 
abutments at the ends. 

2337. All the timbers of roofing are to be measured by the cubic foot, and classed 
according to the difficulty of execution, or the waste that occurs in performing the work. 
Common rafters, as respects labour, are rated much the same as joists or quarters; 
purlins, which require trouble in fitting, are worth more, because on them are notched 
down the common rafters. The different parts of a truss should, to come accurately at the 
true value, be separately taken, and the joggles also separately considered, including the 
tenons at the ends of the struts ; mortising tie beams and principals, forming the tenons 
of the truss posts; mortising and tenoning the ends of the tie beams and principals; 
also the work to the feet of common or bridging rafters. The iron strapping is paid for 
according to the number of the bolts. 

2338. The battening of walls are measured by the square, according to the dimensions 
and distances of the battening. 

2339. Ribbed ceilings are taken bv the cubic quantity of timber they contiin, making 
due allowance for the waste of stuff, which is often considerable. The price of their 
labour is to be ordered by the nature of the work, and the cubic quantity they contain. 

2340. Trimmers and trimming joists are so priced as to include the mortises and tenons 
they contain, and also the tenons at the extremities of the trimmers. But to specify all 
the methods required of ascertaining the value of each species of carpenters work would 
be im^xissible, with any respect to our limits. They must be learned by observation ; all 
we have to do is with the prin-iples on which measuring and estimating is conducted. 

2341. When the carcass of the building is completed, before laying the floors or lathing 
the work for receiving the plsstering, the timbers should be measured, so that the scant- 
lings may be examined and proved correct, acconling to the specification ; and in this, as 
a general rule, it is to be remembered that all piiccs having tenons are measured to their 
extremities, and that such timbers as girders and binding joists lie at least 9 inches at 
their ends into the whIIs, or ^ of the wall’s tlihkness, where it exceeds 27 inches. In the 
measurement of bond timber and wall plates, the laps must be added to the net lengths. 
If a necessity occur for cutting parallel pieces out of truss posts (such as king or queeu- 
posts), when such pieces exceed 2 feet 6 inches in length, and 2J inches in thickness, they 
are considered as pieces fit for use, deducting 6 inches as waste from their lengths. 

2342. The boarding of a roof is measured by the square, and estimated accerdiug to 
its thickness, and the quality of boards and the manner in which they are ioiuted. 

2348. Where the measurement is for labour and mHterials, the best way is, first, to find 
the cubical contents of a piece of carpentry, and value it by the cubic foot, including the 
prime cost, carting, sawing, waste, and carpenter s profit and then to add the price of the 
labour, properly measured, as if the journeyman were to be paid. It is out of the ques- 
tion to give a notion of any fixed va'ue, because it must necessarily vary, as do materialjj 
and labour. The only true method of forming a proper estimate is dependent on the 
price of timber and deals, for which general tables may be formed. 

2344. A load of fir timber contains 50 cube f^et : if, then, the price of a load is known 
in the timber merchant’s yard, the approximate value of a cube foot is found as under; 
say, if taken at 4/. 10s. per load, then — 

£ s, d. 

Prime cost of a load o'flr- - • • - • -4 10 0 

Suppose the cartage (dependent on distanoe) - - - - 0 6 0 

Sawing into neoessaTj scantlings • • - - - -0100 

_ « « 0 
Waste in converting equal to 6 feet, at 2,^. per foot, the load being 106s, 0 10 6 

6 16 6 

20 per cent, profit on SI, 16s. 64. -18 0 

£6 18 6 

2345. Now, *s 2*77 shillings, or 2 shillings and 9 pence and nearly I farthtof 

p^r foot cube. 
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It i» oaly in this way that iho ralue of work can be arrived at ; it is much 
to be regretted from no epecies of labour of the carpenter haro been formed tables 
capable of fornit^ing euch a set of constants as would, by application to the rate of a 
iourneyman’s wages, form factors, or, in other words, furnish data for a perpetual price- 
book. As we hare before hinted, the best of the price-books that have ever been 
published aro useless as guides to the value of work. The method of lumping work by 
the square is as much as possible to be avoided, unless the surfaces be of a perfectly 
uniform description of workmanship ; as, for instance, in hipped roofs, the principal 
trouble is at the hips, in fitting ♦iio jack rafters, which are fixed at equal distances thereon ; 
hence such a price may be fixed for the cubic quantity of hips and valleys as will pay not 
only for them, but also for the trouble of cutting and fixing the jack rafters. Such parts, 
inde^, as these should be separately classifi^ ; but the analysis of such a subject 
requires investigation of enormous labour ; and as it must depend on the information 
derived from the practical carpenter, is, we fea’*, not likely to be soon, if ever, accomplished. 

2361. The works of the Joinkb consist in the preparation of boarding, which is measured 
and estimated by the foot superficial. Of this there are many varieties ; as, eclgos shot ; 
edges shot, ploughed, and tongued ; wrought on one side and edges shot ; the same on 
both sides and edges shot ; wrought on both sides and ploughed and tongued. Boards 
keyed and clamped ; mortise clamped, and mortise and mitre clamped. The value per 
foot increases according to the thickness of the stuff. 'When longitudinal joints are 
glued, an addition per foot is made ; and if feather-tongued, still more. 

2362. The measurement and estimation of floors is by the square, the price varying as 
the surface is wrought or plain ; the method of connecting the longitudinal and heading 
joints, and also on the thickness of the stuff ; as well ns on the circumstance of the boards 
being laid one after another or folded ; or whether laid with boards, battens, wainscot, or 
other wood. Skirtings are measured by the foot super, according to their position, as* 
whether level, raking, or ramping. Also on the manner of finishing them, as whether 
plain, toms, rebated, scribed to floors or steps, or whether straight or circular on the plan. 

2863. The value of every species of framing must depend on the thickness of the stuff 
employed, whether it is plain or moulded ; and if the latter, whether the mouldings be 
struck on the solid, or laid in ; whether mitred or scribed, and upon the number of panels 
in a given height and breadth, and also on the form of the plan. 

2364. Wainseotings, window-linings, as backs and elbows; door linings, such as jambs 
and sofites, with their framed grounds; back linings, partitions, doors, shatters, and the 
like, are all measured and valued by the foot super. The same mode is applied to sashes 
and their frames, either together or separately. 

2866. Skylights, the prices whereof depend on their phns and elevations, are also 
measured by the foot super. 

2366. The value of dado, which varies as the plan is straight or circular, or being level 
or inclined, is measured by the foot super. 

2367. In the measurement of staircases, the risers, treads, carriages, and brackets are, 
after being classed together, measured by the foot super, and the string bonrd is some- 
times included. The value varies as the steps may be flyers or winders, or from the 
risers being mitred into tbe spring board, the treads dovetailed for balusters and the n* sings 
returned, or whether the bottom edges of the risers are tongued into the step. The curtail 
step is valued by itself, and returned nosings are sometimes valued at the piece ; and if 
they are circular on the plan, they are charged at double the price of straight ones. The 
handrail, whose value depends upon the materials and diameter of the well hole, or whether 
ramped, swan -necked, level, circular, or wreathed; whether got out of the solid, or in 
thicknesses glued up together, is measured hy the foot run. The scroll is charged by 
itself, as is the making and fixing each joint screw, and 3 inches of the straight part at each 
end of the wreath is measured in. The deal balusters, as also the iron ones and the iron 
columns to curtail, housings to steps and risers, common cut brackets, square and circular 
on the plan, together with the preparing and fixing, are valued all by the piece. Extra 
sinking in the rail for iron balusters is valued by the foot run, the price depending on the 
rail, as being straight, circular, wreathed, or ramp d. The string board is measured by 
the foot super, and its value is greater or less as it is moulded, straight, ox wreathed, or 
according to the method in which the wreathed string is constructed by being properly 
backed upon a cylinder. 

2C68. The shafts of columns are measured by the foot super., their value depending 
upon the diameter, or whether it be sti eight or curved on the side, and upon its being 
proparly glued and blocked. If the columns be fluted, the flutes are taken in linear 
measure, the price depending on the size of the flutes, whose headings at top and bottom 
are chamd by the piece. Pilasters, straight or curved in the height, are similarly 
measured, and the price taken by the foot super. In the caps and bases of pilasters, 
besides tbe mouldings, the mitres are charged so much each, according to the size. 
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935!^ Mouldings, as in doubltsfiipft architraves, l)ase and surbase, or straitti^ ^ 

by the liand, are valued by the (bot super. Base, surbase, and straight mouTdinJ^ ; some* 
by hand, are getiendly fixed at the same rate per foot, Iteing something more than^pM l>s 
laced ait'hitraves. When the head of an architrave stands in a circular wall, iu the 
lour times that of tlie per{>endicular parts, as well on account of the extra time required^o 
fit it to the circular plan as of the greater difficulty iu forming the mitres. So all borV 
sontal mouldings on a circular plan are three or four times the value of those on a straight 
plan, the trouble bein^^ ineraam at the radius of the circle upon which they are formed 
diminishes. The housings of mouldings are valued by the piece. The value of mouldings 
much depends on the number of their quirks, for each whereof the price increases. It will 
also, of course, depend on the materials of which they are formed, on their running figure, 
and whether raking or curved. 

2360. Among the articles which are to be measured by the lineal foot are lieads, filkts, 
bead or ogee capping, s({uare angle stafl^ inch ogees, inch quirk ogee, ovolo and bead, 
astragals and re^s on doors or shutters, small reeds, each in reeded mouldings, struck by 
hand up to half an inch, single cornice or architrave, grooved space to let in reeds and 
grooves. And it must be observed, that in grooving, stops are paid extra ; if wrought by 
hand, still more; and yet more if circular. Besides the foregoing, narrow grounds to 
skirting, the same rebated or framed to chimneys, are measur^ by the foot run. Rule 
jpints^joantilevers, trusses, and cut brackets for shelves are charged by the piece. Water 
trunks are valued according to their size by the foot run, their hopper heads and shoes, 
being valued by the piece. Moulded weather caps and joints by the piece. Scaffolding, 
where extra, must be allowed for. 

2361. Flooring boards are prepared according to their length, not so much esch ; the 
atandard width is 9 Inches; if they are wider, the rate is increased, each board listing at so 
much per list. Battens are prepared in the same way, but at a different rate. 

2362. The following memoranda are useful in estimating : — 

1 hundred (120) 1 2>feet-3-inch deals, 9 inches wide (each deal containing, therefore, 

2 feet 3 inches cube), equal 5§ loads of timber. 

I hundred (120) 1 2>feet-2]^>inch deals, 9 inches wide (each deal containing, therefore, 

1 foot 10 inches cube), equal 4k loads of timber. 

1 hundred (120) 12-feet- 1 i-inch deals equal 1 reduced hundred. 

] load of IJ-inch plank, or deals, is 400 feet superficial. 

1 load of 2-inch plank, or deals, is 300 feet superficial. 

And so on in proportioiu 

Twenty- four lO-feet boards, at a 5-inch guage, will finish one square. 

Twenty lO-feet boards, at 6-inc)i guage, will finish one square. 

Seventeen lO-feet boards, at a 7-inch guage, will finish one square. 

Fifteen 10-feet boards, at an 8-incli guage, will finish one square. 

'lliirteen 10-feet boards, and 2 ft 6 in. super, at a 9-inch guage, will finish one square. 

; 'i'welve 10-feet boards, and 2 ft. 6 in super., at a 10-inoh guage, will finislt one square. 

Twenty 12-fect Iroards, at a 5-iiu n guage, will finish one square. 

Sixteen 12-feet boards, at a 6-inch guage, will finish one square. 

Fourteen 12-feet boards, at a 7- inch guage, will finish one square. 

Twelve 1 2-feet hoards and 4 feet super., at an 8-inch guage, will finish one square. 

Eleven 12'feet boards, and 1 foot super., at a 9-inch guage, will finish one s<|uare. 

Ten 12-feet boards and 1 foot super., at a 10-incb guage, will finish one square. 

Battens are 6 inches wide. 

Deals are 9 inches wide. 

Planks are 1 1 inches wide. 

Feather-edged deals are equal to ]-inch yellow deals ; if white, equal to sUt deal. 

A reduced deal is l^-inch think, 11 inches wide, and 12 feet long. 

- 2963. It may here be useful to advert to the mode of reducing deals to the standard of 
what is called a reduced deal, which evidently conuins 1 ft 4 in. 6 parts culie; for 12 ft. 
xlllo. Kl|iii.»l : 4*46, or in decimals, 12 ft. k *91666 ft. x*l25 ft.* 1*375 cube ft. 

•early. Hence the divisor 1*375 will serve as a constant for reducing deals of different 
lengths and thicknesses. Thus let it be required to find how many reduced deals there are 
in one 14 feet long, 10 inches wide, and 2) inches thick. Here 14 ft. x *8339 ft. (or 10 in.) 

mfp^33 (or iii.)-2*4S042 eube f4fet,and 1*767 reduced deal. 

fifM* l*lie mble wiiiob is now subjoined exhibits the prices of deals and parts ttiereol 

r Uiud from 90f. to 954 per hund^ a range of value out of which it can rarely happen 
examples will occur, tbbugh it has fallen within our own experience during the tat« 
frar to see the price of dekls at ji very extraordinary height IVis, howiwer, b noi likely to 
happen again. The elements oh which it is based xte 
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FifM. Price of detli, each being 1 2 feet kmgi three locfaet Uttck^ 10 

inches wide. Then from ^ we haee the prime cost of eeeh deal 5*00 
Second. Profit on prime cost, 15 per cent. • • • • 0*75 

Third* Planing both aides and waste, the former a constant depending on 
the price of labour (say 5<. per day used in the table), ana the 
latter a variable, increasing with the cost price of the material • 0*83SS 

6s. 7d aa in the table for a 12 feet deal •• 6*5568 


In the Ahird element a eonttani (the planing) being involved and a variable (the waate) 
increasing with the coat of the material, the latter was eliminated by experiment and found 
equal to *4166 ahilling for every 1<W. upwards of the price per hundred of the deals. 

llie width of the running foot is 9 inches. For instance at 45L per cent, the cost of a foot 

H4KS37& 

super. (»144 in.) » l*25e. » Is. Sd. and of a foot run *93758hiUmg ■■ 11 Jrf. i*s3 
M 9 inches This table is applicable purely to joinery. 
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^365-0. The abore UUe almost explains itself, but one example will be taken for 
illustrating its use, premisiug tbat if deals are at a price between, abore, or below that 
stated in the first cdumn, the rules of arithmetic must be applied for the intermediate 
prices. Suppose deals, then, to be at 451. per hundred ; an inspeetion of the table shows 
that the Talue of l^-inch deal is 8d. per foot super., or fid. run; that a 12-foot deal 
2 inches thick is w<>rth 6«. 8}d. ; and that a foot run of 3-iQch deal 1 1 inches wide, which 
is the standard width, is worth 11 The precedii^ table, which is applicable pure)]p 
to joinery, is all that ean be here given in general terms as to the prices of work. 

2370. Slatbr. The work of the slater Is measured and estimated by the square of 
100 feet superficial. The different sorts of slate, and how much a given quantity of each 
will cover, have been described in Chap. 11. Sect. IX. (1798 i sea,). To measure 
slating, in addition to the net measure of the work, fi inches are allowoa for all the eaves, 
and 4 inches by their length for hips ; such allowance being made in the first-named case 
because the slates are there double, and in the latter case for the waste in cutting away 
the sides of the slates to fit. When rags or imperial slates are used, Rn addition allowance 
of 9 inches is made for the eaves, because those slates run larger than the other sorts. 

2S71. Masow. Solid works, such as pilasters, cornices, coping, stringpngs, and 
others, should he first measured to ascertain the cubic quantity of stone they contain 
as going from the banker to the bniidiog ; and on this, additional work, as plain work, 
sunk work, moulded or circular work, must be measured in superficial feet and 
separately valued. It is usual to allow a plain face to each joint, but no more than 
one should be taken to a 3-feet length. In staircases the fiyers should be taken where 
splayed on the back, their full length and width by three-fifths of the depth of the riser, 
to allow for waste in getting two of the steps from the same block of stone. The measure- 
ment for the wiuders seems to be most properly conducted by ascertaining the net cubic 
contents of them, and then making the allowance for wiiste. Indeed this is a more proper 
and satisfactory mode for the flyers. The top of the treads are then taken on the super- 
ficies as plain work, and the fronts and ends of the risers as moulded work. In an open 
staircase, tbe under side of the fiyers is measured as plain work ; the under side oif the 
winders as circular plain work; tbe rebates, cuttings out, pinnings in, &c., us they are 
found. Cylindrical work, such os of columns, after the cube quantity is ascertained, is 
measured as equal to plain work twice taken. In Portland dressings to chimneys, 
wherever edges appear, it is eufttomaiy to add an inch to the dimensions for extra labour ; 
to marble, } of ao inch ; or to take the ruoning dimensioDB of the edges. 

2372-8. Paving slabs and stones under 2 ins. thick are taken by superficial moasure. 
Cornices are measured by obtaining their girt, and multiplying by their length for the 
quantity of moulded work in them. 


2374. Founder. The proper mode of estimating east iron is by the ton or cwt. 
Moulds for the castings, when ont of the common course, are charged extra. Very often, 
too^ cast iron pip^s and gutters am, according to their sizes, charged by the yard. Wrought 
iron beams and girders, of various shapes, are charged for by the ton. (See 1765 e>' seq ) 
For oroamental castings patterns have to be made ; these are usnally paid for in addition, 
and are often expensive. 


2375. Smith and Isoinrovtivft. Wrought iron for chimney bars, iron ties, screw bolts, 
balusters with straps, area gratiogs, handrails and balnsters, hook-and-eye hinges, brackets 
for shelves, chains for posts, wifought iron columns with caps and bases, fancy iron ^ling, 
easements, shutter-bars, and the like, are chaiged by the pound, at various prices, accordint^ 
to the nature of the work. In the ironmongeFs dejMitmeut nails and bracts are charged^ 
the hundred, though s^dd by weight, seldom exoRMuag 900 to the lOOO. 
take their names fiom their length, are chaiged by the dosen. Gael, and alsow)Hf(sg^t)Q|I7 
and scrows, cast and wrou^t ba^ &ps, butte and screws, side or H hinges, screws, hy 
tbe pair. All sorts of bolts with screws, of whirii tbe round jigt determine m 

the length, by the inch. K. hinges and cross saumet hiofsaj^he pair. Other hinges and 
screws hy tbe piece. Locks by the pieesf JMIsys scemMg to their diameters. On all 
ironmong^ 20 per cent, is cliarged on the l»W OD^U'^fOUght ilpu ornamental work 
IS charg)^ foe according to tbe time and skill. (8j|^258 ssf.y ^ 

387fi. pLAsnaxH* The work of tbe plastsrmiA meaittliMA aeiienilfy, bv the vaidsunsr- 
fictal The ninai way of m«>ssuringitoceo woriy>p«S8S|ffi^ 

from the upnw grouiw half w||^p th# Of the stucco 

^inggo^fortfed^eocyfi#^^ InorilisgsanddiSitWk, the sar- 

fiiee tud^ths sMieafr ofrsulaksu.bMtis^ isno dsfirisnar Imthi thlsilllag.ttid that 
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(K^mpetuntedfor b/the labottrin making good. Cornictsare maittuad by tiia foot miper* 
lal, and astimated according to the qoantitj of monldings and anriebmanU ifaaj contain, 
hara tbara are more than l>ur angles in a room, each extra one is diarged at the price per 
)t run extra of the oorniea. Stneeo roT<»a1s are charg<>d per foot ran, and aec<^ng to 
rir width of 4 or 9 inchee or more. Quirks, arrises, and beads bj the foot ran, as are 
irdns to raised panels, small plain mouldings, &e. Enriched mouldings are measored 
' raa foot ran, and with flowers to ceilings, paterae, &c., most be considered with refer* 
ce to the sise and quantity of ornament ; modelling may hare to be charg^ if under 
feet run. For some of these, papter-mAeb4 and other materials (see 2261^ which are 
Dch lighter than plaster, are coming now into general use, and from the ease and seenrity 
th which they are fixed, oiten supersede the use of plaster ornaments. SeaffohRng ui 
arged for when the **hawk " cannot be served from the floor. 

287f . PLUiTBias. The work of this artificer is charged by the ewt, to which is added 
e labour of laying the lead. The superficies of the lead is measu^, then multifdied 
’ the weight, as 6 lb. lead, 6 lb. lead, &c., and bronght into cwts. Water pipes, ndn* 
iter pipes, and funnel pipes are charged by the foot rnn, according to their diameter ; so 
10 are socket pipes for sinks, joints being separately paid for. Common lead pnmps, 
ith iron work, including bucket, sucker, &c., at so muen each; the same with hydraulic 
d other pumps, SMrcordtng to their diameters. In the same manner are charged water* 
isets, basins, air traps, washers and pings, spindle valves, stop cocks, ball-cocks, 8tc. 
lee 2212 et $eq.) By the increase of raannfacturers of sanitary appliances these are 
tw priced at per article.'' 

2S78. Olaxibr. The work of the glazier is measored and estimated by the superficial 
ot, according to the speciality as well as the quality of the glass nmd ; it is always 
eacoired between the reuates. (See 2225 el seq,) Stained and painted glass are usually 
ken at agreed prices. 

2379. Faintxb. In the measurement and estimation of painting, the snperBcial quantity 
taken, allowing all edges, sinkings, and girths as they appear. When work is cut in on 
^h edges it is taken by the foot run. The quantity of feet is reduced to yards, by which 
dating is charged for in large qnaotities. In taking iron railing, the two sides are measnred 
I fiat work; but if it be full of ornament, once and a half, or twice, is taken for each side, 
ksh frames are taken each, and sash squares by the doaen. On gilding wo tmve already 
>oken in Sect. XII. (2277 €t scq.) Cornices, reveals to windows and d^ors, strings, 
indow sills, water trunks and gutters, handrails, newels, 8tc , are taken by the foot run. 
[any small articles by the piece.' Plain and enriched cornices by the foot run, according 
) the quantity of worx in them. Work done from a ladder is paid for extra. Tlie price 
' painter s work greatly depends on the purity of the matariala employed, as oil, turpen- 
ne, dtc., as well as on the quality and the number of times over that the work is painted ; 
le labour is nsually considered as one-third of the price charged* Scarcely any trade 
iries so greatly. Imitations of woods and marbles are charged according to the artistic 
‘eatment and the labour employed on thepi, and the quality ^ the varnish used. 

2880. Pafsbbakcbb. In common papers the price used to be settled acc^ing to the 
doura or quantity of blocks used in printing the rattarn. Now the price appears to 
spend on the sale, or fashion, of the pattern, or on the mannfisetureFs pleasure. Until 




te ol the leadiqg firms Is subject only to the ordinary discount to the trade. Embossed 
other papers are of higher prices. These, as well as lining paper, are charged by the 
% containing 63 feet super. The hanging is charged separate and borders, dsdoei» 
mouldings, frc. by the yard run. (See 2277c.) 
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CHAP. IV. 

UEDIUU OF EXPRESSION. 


Sect. I.’ 

BRAWINO IK OZHSHAL. 

3581. Under this section it is not our intention to enter into the refinements of the 
irt, but merely to make the attempt of directing the student to the first principles of e 
iuthfiil representation of ordinary and familiar objects, with all their imperfections; or, 
in other words, of transferring to a plane surface what the artist actually sees or eoiK 
eeives in his mind. This power is of vital importance to the architect, and without it 
be b unworthy the name. 

3382. The usual mode of teaching drawing now in use is, as we conceive, among the 
nu»t disurd and extravagant methods of imparting instruction that can be well conceived. 
The lefimer is usually first put to copying drawings or prints, on which he is occupied for 
a considerable time. Much more would he learn, and much more quickly, by fallowing 
the course which the following lines will prescribe. OtUHne is the foundation of all drawing; 
the alphabet of graphic art As soon as the student has attained the use of the pencil and the 
pen in drawi ngp urely geometrical figures, he is prepared to receive the rudiments of per- 
spective. the following section, the representations of all geometrical solide 

ip dependentWBpiiechanical means ; and these may, if it be desirable, be shadowed truly 
by the method^P^n in Sect. 111. ; but what b now called free-hand drawing b the matter 
for our present consideratioD. 

2383. Outline, as we have stated above, b the foundation of all drawing, the alphabet 
of graphic art. Every representation of an object, or series of objects, however compli- 
cated, is in reality but a set of outlines composed of straight or curved lines. The know- 
ledge, 4>r father the power of forming these lines, b essential to the student, and in the 
same manner that he was obliged to form pothooks and hangers before he proceeded to 
ellipses when be was taught to write, he should begin his study of free-hand drawing by 
practising himself in the production of straight lines, proceeding to segments, and then to 
curves of contrary flexure. It b a good plain to compare the copy with the pattern ; and, 
inasmuch as all formal diagrams that are set as patterns should be perfect, it is desirable 
that the standards for straight lines, segments, and contrary flexures elmuld be drawn by 
the teacher himadf from rulers; these rulers can be subs^uently applied to the copies, 
and are sometimes the only evidence upon which to make a mutinous pupil conscious of 
bis errors. The student ought not to proceed to the elliptical and oval forms until the 
hand, first turning ooe way, can draw a toleraidy correct circle ; and then, turning in the 
other direction, can make another emally good. The next step will be to acquire the 
power of drawing apiral lines in one dirsetion, and of repeating them in another ; which 
will be followed by that of drawing linfs cither parallel or slowly approximating. 

2S83a. After this, the student is sufllcietitly advanced to attempt to repeat all tiiose 
stages with copies of a size brger or less than the patterns ; and he will be ready to learn 
the meebaniral use of chalk. Thu brineh of hb tuition needs on^ such txapsplei as the 
prints, which have been prepared fbr that purpose, of purely geomotrlflal forms t In thb 
siege the rudimeiits of sludow are implanted, a^ the use of the brush may be acquired* 

2S836. The sttidcnt will then be reader to ieam the mode of obtaimiig local colour, 
and of blending bb materiab so as to obtain tints and shades of the diifisrtot eokuife, The 
aext steps wotud be to draw in chalk, in itilc, or in colour, the simplest afebitsctuid Ofiis^ 
meiits, such as a chevron or an ovolo t and to proceed through a oouris of arehilcetiifml* 
foliage from prints. The result of aueh training if usimIIk aMnfldenet in the ^s ; and, 
what b sometimes highly important, a judgment CO soucAgA^ i*c cble to reproduce any 
part of a subj^ that may have been destroyed. ^ ^ ! 

23830. Aptitude of the pupil must bo a ooni&leratiOBi, but In gtnamS ^ year of ifeqdy 
opidbotlon moy be sufilcbiit soto Imlwtthe mlii4iHth|bogmiimiorofonmttocloiiilcc^ 
misit, os to onsbb the bond to reprsient it; slier wbidi th# student ought to l^cap^b of 
snveiitisg for himielt Indeed, It b onb by such « course that origmaRtv in dosktiing 
Ofoametit can beobtalned. Thsstudy of natufol fbctas csoD,aad Uwn os 
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838341 It If Tvrjr remarkable Uiat all the ioferaaoa* are fiUae, whieh neoalljr are derived 
om the iMcrtlon ttiat he who can draw the humab hgure will He aide to draw any other 
iJect that if fubmitted to him tor fopraffn tation. The few men who ean fm nUkiUf dran 
le human figure ae they see it, may doubtlemty have eyes keen enough and hanof tni< 
lough to repeat the minuteit dvtaiU to accurately that any comparison of a particular detail 
ith the original shall be creditable to them | but these men have spent years in obtaining 
ssides delicacy of handling, that knowledge of anatomy which reminda tiiem at every 
roke of the procil that aoch a muscle is in such a place, that here it overlaps another 
lat there it dies into a bone, and that consequently they have to mark the curves and 
igles which occur, Ibr instanee, six or seven times between the elbow and the wrist, and 
» determine how many can be omitted if the scale be less than that of life. 

2384* The majority of men who can draw the figure tolerably well can draw notliing 
ae equally correctly : for the reason that titeir attention has been given to the meebanism ot 
le human form solely ; the representation, by our best portrait-painters, of the sccenoriee 
hich they introduce into their picturea, especially of architectural details, is almost with- 
ut an exception ludicrously inaccurate. Every person who has tried to apply his powef 
r representing geometric forms to the task of copying in chalk from a masky must be aware 
r the enormous btcility which he acquires by previously studying the usual methods ot 
Kpressing the totality of the eye, the ear, the nose, and the lips. In a similar manner, the 
rtiit who wishes to give the effect of a suite of mouldings, or of a carved ornament, reqtdref 
I know previoutlf all the parts which compose the work. In other words, some men can 
pstend to dteteh distant rocks and yet miss the very features by which the outtines ti^- 
tate the geological character. 

2S85. Such are the reasons which have for many years led to the conviction diat the 
rebiteot*! course of drawing should leave the figure alone until he has made one or more 
.udies from carving in each style of art tiiat opportunity presents to him ; this is affirmed 
I be the only method of obtaining a satisfactory appreciation of the minute characteristics 
hich sometimes constitute the differences between styles ; and the only method of making 
royal road to the object, which some teachers pretend is the easieet, but is truly the most 
iffieult, in art Having acquired the power of accurate repreaentatien of ornament, 
bich involves dexterity in the use of his materials, the student may commence bis 
perations with the figure. 

2386'. The method proposed in the following pages is oldL at least in principle, yet 
has been of late years publislied as new in Paris, by M. Dupuis. (** Ih tEnmg nmen t du 
"htiH vnu U point dr ei/r iadiiafrie/,** 1836.) The principles of the work, however, are 
erhaps better expreued and sminged, in some respects, ^an we might have presented 
lem to the reader : and we shall not therefore, apologWe for the fiee use we make of it 
remising, however, that in reaped to the whole figure and the application of the method 
) landscapes, what follows is not found in the work of M. Dupuia 
2387. ^ween the ancient mode of teaching the student (we will take the head, fur 
istanoe, shown in fy, 809. as the first roughuig of the leading lines of that which in 
g. 812. has reached its completion) and 
io method practised by M. Dupuis, the only 
iflihrence is this, that M. D., instead of let- 
ing the student form the rough outline at 
noe from the finished bust, roughing out 
n paper the principal masses, provides a 
w\m of models roui^ly bossed out in their 
ifferent stages, which he makes the studefit 
raw. The sy^m is ingenious ; but as the 
reatest artists hsvs been made without the 
nodificstion in question, we do not think it 
mtsrtali st tllo?ents,tbt prinoipiss sre the 
Mne* M, Dupuis, for this puipose, has a 
tries of sitittn tnodels, the first of each four 
f the series ere quite sufficient to show the 
Id et weU es bis own prsotice. Thus, in 

808., tbs gmerel mess of the oval of the head It given* in whieh it Is sssn that the 
'fofile la Iftdieeted sa^^tues angle* whose extreme ^bt eorveaponds with tlm lower 
wt of the iios% end fhw^eenC Hue extremity terminate with tbt root* or eommeiicement 
fthebeir, md it the otbeefMi the lower jaw. The fomi of the rest of the bead is the 
meh eom|iaiiig the most prei(eothig points of it by curved lines, in sbotl, of wipposang 
' 1^8^ ttea% ottt of wldrii Iht eeulptor might actually, in marble or ether maitfbd* fiwni 
kohmd, 

8388. Tbt naxliloH ie eiblkbid 810„ edth the four prinolpal tUvisionst oeet* 
lital m AeboeiimWof ibalbiaiLiiw forebead to the Hne of the 4m the piejcotion of the 
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■ttd carried through to ifiokoo perfect dniwiiig; \ ^ A yj 

all tl>at is here intemled being to show the J 

principles upon which the matter is conducted* \y^ I I 

and upon which we riiall prcMnlly hare Anther y ] r „.J 

dN«r«aion.t..m.k.. It trill buoyed. Art 

•n the Audowing and SniAing m An w.y th« . 

drawings tins student nuiy make we act no ralue; when he can draw, if those matters be 
of importance to him. they will not be difficult of acquisition. 

3390a. Ilsf ing accomplished the art of drawing, with tolerable correctness, tbs ngure, 
the architect will hare littb difficulty in drawing the most eomples productions of nature. 
The prinidples are precisely the same; but we wish here to imprem upcm him the necessity 
I 't f U tr i n g to nature herself for his ornaments: a practice which will always impart a 
ftwdmOH and novelty to them which even imitation of the antique will not impart. 

8391. The port crayon, whether carrying chalk or a black lead pencil of moderate weight 
ffid riw*, say full seven inches long, b the best instrument to put into the hands of the be- 
ginner. The first object he must consider in roughing the subject, as in >Fy. 809.| is the 
relation the bright of the whole bears to iu width ; and this d^rroined, he must proceed 
to get the general contour, without regard to any internal divirions, and thus proceed by 
subdivisions, bearing the relative proportions to each other of the model, comparing^ them 
with one another and with the whole. We will now sliow how the port crayon assists in 
this operation. Let the pupil be supposed seated before tlie model, at such a distance from 
it that at a single look, without changing the position of his head upwards,^ downwards, or 
ridewaja, hb eye takes in the whole of it. The strictest attention to thb point is necessary* 
for difficulties immediately present themselves if he is too near, as well as if he is too fer 
from it And here let it be observed tliat the vbual rays (tetfy. 813.) upon every object 
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may be compared to tbe 1c|n of a pair of eompassca, which open wider as we appruaeli the 
object and doae as we recede from it Thb b a law of perspective well known, and whielt 
the student may easily prove by experiment keeping tbe bead of the compasses near hb 
eye. and opening the to take in* in looking along them, any dimenrion of an ofaject 
He will soon find tliat as he approaches tuch object be must opm the bgs wider in order 
to comprise wUhio them the riven ditneneion. Hence every dbateter or dimenrioii* eepa* 
rately considered, b eomprisM in toe divergence of the rimm rays. It b on tob aoeonnt 
toat, bring at a proper dbtanoe, any mov^le meaatire which with a free motion of hb 
bodv be can uiierfKMe upon some one of toe pofaHi of the distaaoe between hb eye end the 
modri, may, though much leae toaa toe modri itseli; take in toe wheb ieid of vbw* reech 
toe estremities of toe dimension, and cooaaqnefiriy hecome of great assistenoe in eertein 
tnetocmalicel meaenres. For hv applying eium a tneeittfe to one mvbionoalv of the modet, 
we shall obtrin, as it wars, an Integer fiw finding e gmet flieite otoers Into whMi lltt inoM 
nu^fteinhaivlded. 

Thus, tridng Jh* 809., which b piofibii and sapporing toe width at tot naek 

ifthbb twbea^a half contained in tot fanetalhe^ht^ toe boat, we have immte 

dbteiy toe proportiofit of one to two aada brit which may be immediatriy set ont on tot 

■niiar iw aattvaa. 'I'bb b luit ril • #Imi Im-Airar jm* AMittar Im *t.. ~ 
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Mttk tcrvit ilM Ibr iMMMirliig Hm hoiiiottuil of the boMt tmd oko of tbt Immi ; 

fTbonoo pro y ot^om tmy be obCaiiiML 8o siiieh ftir the iirtt eM dn g of the fenenl 
form. Kow» in the entire bu^ ei reipeeli the heed only, enppoee ve wdli to obtoin the 
|ir0|iortione of the prEoei|Ml divieUmi, — for eiample, focnn the heee of the bust to the beee 
^the ohin,«-«re mey eatabiieh enother ioteger to meeeure other perte; ei, if Irom the 
point of the dietenee from the beee toe bust to the beee of toe ehtn ie the eeme ee 
from the leet to the eummlt of the heed, the leerner would here nothing more to do in thet 
respeot then to dieidetbe wholf hei^ into two equal parte. On the tame principle, pe^ 
tog from dirisSone to eiihdiria«Mii^ the dkteoce between the boM of the chin end the point 
whence the noee beginf to prqfeot, may be found a meesute for the height of the none, end 
from thence to toe top of toe cranium. We ere here merely thowtng the method of ob^^ 
laming different intcfara for meaauring the different parts mentioned ; others will in preo> 
tioe oeeur continually, efrer a very little practice. We do not tuppoae our readers will believe 
that we propOMP to teach drawing by mathematical rules ; we now only speak of obtaining 
poiitta from which undulating and varying lines are to spring and return, and which non' 
but a fine and sensitive eye will be able to express. But to return to the port ctayo.*, 
whito ia the moveable measure or compasses whereto we have alluded, and requires oidy 
•kilfril handling to perform tlie offices of eompaases, i^uare, plumb rule, and level. By 
interponog it (see Jfo. 81 S.) on the divergei^ of the visual rays between the eye and the 
obja^ we may estimate toe relative proportions ; rince in the field of view the learner may 
apply it to the whole or any of toe par^ and make any one a measure for another. For 
this purpose be mutt hold it, as shown in the figure, steadily and at arm's length. Any 
portion of it that is cut by the visual rays between any two parts of toe object, becomes the 
integer for the measurement of other parts whereof we have been speaking. This in 
the drawing will be increased according as the sue is greater or less than the portion of the 
port crayon intercepting the visual rays. This process may be eerily accomplished by 
making, upon one and the same lina of the visual ray, theextreina point of the port crayon 
to touch one of the extremities of the proportion sought upon the model, so that they may 
exactly correspond. Then at the same tone fixing the thumb or fore-finger where the visual 
ray (tiim the other extremity ia intercepted, we shall find any equal len^i by moving the 
port crayon with the thumb and fore-finger fixed to any other part we want, as to rite, to 
compare with the first, or by using the same expedient to otlier parts, oilier integers may be 
found. 'Ihe different integers, indeed, which may be thus obtained is infinite, llie port 
crayon will also serve the purpose of a plumb bob by laying bold of it by the chalk, and 
holding it just only so tigto toween the fingers as to prevent its fidling, so that its owo 
gravity midies it assume a vertical direction. 

Ihiing so, if it then be held up to intercept 
the visual rays, we may discover the pro- 
portion in which a line awells whose direo- 
ton approaches the vertical, asalao toe quan- 
tity one part projects befrire another in the 
mMfll s end coinf^rq|^ toil again with the 
inte^, obtain new |>oiiito for starting fipom. 

Again, by holding it belbre the eye in an 
boriiontski direction, we shall obtain tba 
dilferent parla of the model that lie before 
toe eye in the tame horiiontal line. By 
degreee we shall thus aopn find the eye be- 
come fiunUtarised with iHto model it con- 
templates ; Judgment in arranging the parts 
supmaneti the band bacomes bold and 
unheritatiog, and the leading forms are 
quickly timaiforred to toe paper or canvas 
to be fobdlvided to such extent as is re- 
quired bv the degree of finish intended to be 
twstowea UM toe drawing* 
fifififi. The proocai toet we have oonri- 
deied more with reletioR to the bust b 
equally appUeeble to the whole figure. In 
Up* we beve moreiMurtlettlarly shown 
by toe dotted tinea the boriaoatal and verCt- 
«al use of tot pom aiayoat but the pre- 
vfotii i^^ b at maiH of eome measutt of unity 
w PtopoctoNtom too gitol ^^riafoua to eeob 
bidtomiM tote to ehr^ 

^ ifftoibEili to» Mm fif m tiorb 
toUi or tom level riito toe iff I it will be 
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9 &m powing through the knee of that leg upon which the pfiaeipel weight of the body U 
thrown. 

S39i. Though our oldeot in this eeotkm it to give onlv e notion of the way of trane* 
ferring to paper or eanvas eueb obj^ote as present themseWes^ we think it proper to hint at 
a few general matters which the student will do well to consider, and th^ relate to tho 
balance and motion of the human figure. Geometry and arithmetic were with the painters 
of antiquity of such importance tl^ Psmphilus the master of Apelles declared, without 
them art oould not be per^ted. Vitruvius particularly tells us the same thing, and, as 
follows, gives the proportions of the human figure t — ** From the chin to the top of th«; 
fiwehead, or to the roots of the hair, is a tenth part of the height of the whole body ; fhj^n 
the chin to the crown of the head is an eighth part of the whole height } and from the nape 
of the neck to the crown of the bead, the same. From the upper of the breast to the 
roots of the hair, a sixth ; to the crown of the bead, a fourth. A third part of the height of 
the face is ei]ual to that from the chin to the under side of the noatrilsi and thence to the 
middle of tlie eyebrows the tsme : from the last to the roots of the hair, where the forehead 
ends, the remaining third part. The longth of the foot is a sixth part of the height of the; 
body ; the fore>ann, a fourth part ; the width of 
tlie breast a fourth part. Similarly,** continues 
our author, ** have the other membm their due 
proportions, by attention to which the ancient 
painters and sculptors cfotained to much reputa- 
tion. Just so, the parts of temples should corre- 
spond with each ot^r and with tlie whole. Tlie 
navel is naturallv placed in the centre of the 
human body ; i(||p|jpka lie wiUi his foce up- 
wards, and his bands and foet extended, and from 
his navel as the centre, a cirifie be described, it 
will touch his fingers and toes^ It is not alone by 
a circle that the human body is thus circumscribed, 
as may be seen (Jig. fil5.) by placing it within a 
square. For, measuring from the feet to the 
crown of the head, and then across the arms frilly 
extended, we find the latter measure equal to the 
former ; so tliat the lines at right angles to each 
other, enclosing the figure, will form a square.** 

2395. ** How well,** says Flaxman ( Lecturts oh Sculpturt)t ** the ancients understood tlie 
balance of the figure, is proved by the two books of Archimedes on that subject ; besides, 
it is impossible to see tlie numerous figures, springing, jumping, dancing, and falling, in tlie 
Herculaneum paintings, on the paint^ vases, and the antique basso^rilievos, without being 
assured that the painters and sculptors must have employed geometrical figures to 
determine the degrees of curvature in the body, and angular or rectilinear extent of tlie 
limbs, and to fix tlie centre of gravity.** Leonardo da Vinci has illustrated tlie subject in hU 
Trattato di PUtura, a perusal of which cannot foil of being highly beneficial to the student. 
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2396. As in all other bodies, Ihc centre of gravity of the human figure is that point froin 
whieb, if suspended, the figure would remain 

at rest when turned aeond upon it Flaxman, ^ ^ 

by some strange mistake, has described the f . 1 w [ ! / 

centre of gravity as ** an imaginary straight ^ \ / \ 

line, which foils from tlie gullet between tlie ilj ' f j] \ \ I ill) 

ankles to the ground, when it (the figure) is I | U \ 1 / I y U 

perfectly upright equ^ly poised oo both feet |! ' ( I /iJil LI n 

with the han« hanging down on each side.** N.*/' 1 A jl/\ 

(F/p. 816.). 'Hie foct is, that tlie centre of ^ y j M/ ^ j i / 
gravity b found to be in a line so drawn, ^ I / I / / 

rather removed backwards frrom it in a verti- ,1.7 n/ ( vV \ 

cal plane returning from that line. 'v' j 1 I ' \ 1 

2397. Motion implies change of position; Ij/ \/)/ \iU 

for instance, in Jfp. 817., the weight of the ) jl X 11 i / yliLi 
figure b thrown on one leg, hence a line pass- . 

ing through the centre gravity fidls from ^ ^ ** 7 . 

-the gullet on om leg, on which side also the ihouldcr becomes lowered, and that on tho 
opiate side raised , the hip and knee sinking bebw thoM on tho sida supporting flit 
weight In Jlp. 81 8. the dotted lines terminal by tho lettora ABCD ropreaent Um of 
motion, os also the extent of such motion. Tho Mmo ore abo shown in 819 whondii 
A tliowS the inclination of the head to the breast i B tho extreme bend of the back over 
Ibe kmk without changing tbeb positions C thil of the book bont backwards, tho legs' 
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rtimaUiing in the tame „ 

position* If the back 

be bent at fkr at D, the X 

thighs and legs will pro- f \ 

ject at far at £. ^ \ 

2f598. Referring back O 

to/p. 817. for compari- ‘ • 

*ion, as the commence- *j j 

ment of motion, with V i / j 

^c. 820., we shall imme- \\ J / / 

diately see that the pre- Js * ^ 

paration for running 1 

consists in throwing the T tj 

balance beyond the J 

standing foot ; and that dT \ n / 

when the centre of gra- \ ) i , ( 

vity. which is now a^ut \ V ( ) 

to take place, fidls out of \ 1 / 

the common base, the L i 

hinder leg mutt be out, s — — ■■■ 

and off the ground, to 

balance the fore |)art of the figure, which would otherwisi,* foil. 

2399. In preparing to strike (/p. 821.), the figure is thrown 



pig.sia 


back at the b^ntuiig ol 
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the action to give force to the blow : the dotted line shows the extent of the springing 
forward, in which the action is ended by the foil of the blow upon the object 

2400. In Jiff. 822., bearing a weight, the combined centres of gravity of the figure and 
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the wcl|fot to be borne must be found ; and through it the line falls between the foct, if 
the wbm weight rests equally on both, or on the supporting foot, if the weight is thrown 
upon one, FUxman, who was a finer artist than a geometrician, has, in hia lectures, fiUleu 
Into another nuatake on this head, by saying the centre of gravity is the centre of the 
Incumbeiil wti^t, which Is absurd ; because the figure baa not only to balance the weight 
Itself, but also Its own weight 

2401. In, leaping (Jfy* 828.), the body and thighs are drawn together to prepare fiMr the 
spring ; the mt^ee of the leg draw up the he^ and^ the figure recta on Um Wl of the 
foot i the anna are thrown liMk to be ready immediately hr swinging forward, and thus 
assiatbig in tha impulse. When the figure idigfata, the arms, aft ftha instant of aUghfting, 
will be fimnd raised above the head i and a line dropped iVom the centre of gravity uUi be 
found to IhtI near Urn be^ 

2402. In kanlng 0^. 824.), if on more than one points the greatest weii^t is al«eut tliat 
point on the figiiit ehiefiy rests. 
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S40S. PV. 8S5. ia » flying, atul 
J%^ 81 K. afidliii^flgtim iKith wher^ 

^being in mouon through the lur 
lUBt on no In the first ii t/U 1 

be obaers^ that the heaviest por* 
tion of the figure is bounded by 
lines inclined upwards ; as in fidU 
ing the heaviest portion of it has 
a oosmsrard direction We have 
thou^ these dements would be 
usefiiJ, as exhibiting those leading 
principles without the comprehen* 
aton wfaiceof no motion or action 
can be well expressed. ** Every change,** says Flaxman, ** of|ioaition or action in the human 
figure will present the diligent student with some now application of principles, and some 
valuable example for hia imitation.** 

2404. We shall close this section with the application of the principles detailed in the 
management of the port crayon to the drawing of landscapes. The subject of /ya 827. 
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ftiid 098. it npom m qiot a ISttlt w»,y out of Roono^ tho towtr of CMBk Mtttfli My mm 
ill thtiUttoneo. 

SUMO. iBA.8at.l>it nw w <w «rtmigbad tn lrantli«ol||«ctotlMniitN«ii «ii8 
on the Ml OM It M vory etfoftUly dmwn by tu«lf; belnc, m rtt|iae(t Iwtof Itoot tmd IM i Ii bmi w ;, mt* 
rocted oatlt Hit «• It unified of tbo truth of fti ffoneriT form. The «|« It at high at H and B, wbfcili 
therafiiratlunrthabaffliCortho horliooUl H 1 U^nld aro ala^ hi fiirt, the unithiaf potola Ibr the vail «a 
the ria^luuid tSda of the t^ura^ and tbo hoou on tba uioa ilda a little bmidTt. IhMiaf the port 
crapon level, and taktef on it with the thumb or fordlnger the dlitaiice 01, ve thatt ted that tvtea that 
meature InSaadfivltl the JmietfoB of the wall with theplar; and that a Hue irwntfnaad horiaontalty 
from a euu the top of the plinth of the fate pier. The pietofohiui|Mmuhadliridad fata tvoamte jwrta 


tvaveitlcal line drawn thrwgh the break In the dty wail in th^itaaee. dl, aoniloaad opwaraa* dker* 
ubiea one tide of the bouu on the right-hand side of the road, and from a point at a hredk In the fo repie m id 
Interaeoti the pridectlng wall at r / a verteal tine determinca the Mt ikle nf thetower. remafaitef 
horiiontal Unca, It will beaetn, determine other pointe and Itnu t and thtm It la maaltet that the whole 
arraneament baa been aceompllihed bp maUng tha mau otoOldaroeainre or onft Ibr iweertainhig the alse 
ind relative poeltkm of tbo other parti, hi ^.838. the detail Is filled in, end broiqiht to a highar state of 
finish. 

atOtft. There Is a mechanical method of obtaining the exact relative sixes of ohieete and their poattfcms 
In making drawings from nature or casts, which we will endeavonr to explain. If the dtateman take a 
pair of prm large slsed compataes, and, (kstening a piece of string at the joint end of them, bold the potou 
open before Ilia epa, lo as to take in the extent or space hts drawntg is intended to oeeupp ; then tie a knot 
In the string to keep It between bis teeth, ao that the compaaaea points map be kept in anp tdane alwqra 


equallp distant fhmi the epe t he mar. for the various pans of bis tfniwlng. bp openi 
passes, liar# their exact relative heights, widths, and positions, to be at once transfienn 


drawing, bp 


be kept to anp plaae alwapa 
opening or eloanif the com* 
lifienredto the drawing. 


Sect. II. 
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rXE.VBCTIVK. 

3405. A peripective delineation is the linear representation of any object or objects, as 
it or they appear to the eye, and is such a figttre of an object as may be auppos^ to be 
made by a plane making a section of tbe body or pyramid of visual rays directed from the 
eye to different parts of the object. A delineation so made, being properly coloured 
and shadowed, will convey a lively idea of tbe real ol^cct, and at the same time indicate its 
position and distance from the eye of the observer. 

2406. Depinitions. — I. oriyitud oiject or obfeeU is or are an object or number of 
objects proposed to be delineated : for instance, a house, a ship, a man, or all or any of 
them together. In^^. 829. the bouse ABCDFHK is the original object 



fto8fii^ 

S SH j pii rf ltomwMW Hiw»tlwtWBaw b a» M ij hi lMrfori|faJB U trt » fltof plmw 
Jk Smm 11m liaM AB, BC CD an otigiiiia Uaa% bti^ parti; tha 

I tW art hrta a tt Bm artgteal o^iaet ABCDFHK. 

A Hw fktmi jSmm ta that upon whldi Bn ohiaata la ba <Mwa aw ^awd. ami b 
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always considered a boundless level plane. Tlie plane X in the dgure is the ground 
plane, upon which is placed the object ABCDFHK. 

4 . The point of view or point of tight is the fixed place of the eye of the observer, 

^ viewing the object or objects to be delineated : E in the figure is such point. 

I 5. The itation point is a point on the ground plane, perpendicularly under the pomt of 
sight or eye of the observer, and expresses on the plan the station whence the view is 
taken. S is the station point in the figure, being a point on the ground plane ver> 
tically under the eye of the observer at £. 

6. The plane of delineation or the picture is the canvas or paper whereon it is intended 
to draw any object or number of objects. Thus, in tlie figure, the plane GIKL is 
the plane of delineation ; but, in the extensive sense of the word, the plane of 
delineation is considered a boundless plane, however circumscribed may be the 
delineation made thereon. 

7. horizontal line or the horizon is a line on the plane of delineation in every part 
level with the eye of the observer or point of view. VZ is the horizontal line on 
the plane of delineation GIKL. It is supposed to be obtained by the intersection 
of a plane passing through the eye of the observer, parallel to the ground plane, 
produced till it touches the plane of delineation. 

8. The centre of the picture is a point perpendicularly opposite the eye of the observer, 
or point of view, and is consequently always somewhere in the horizontal line. 
() in the horizontal line VZ it the centre of the picture, being perpendicularly 
opposite to the eye at £. 

9. The vertical line is a line drawn through the centre of the picture perpendicular to 
the horizon. In the figure PR is the vertical line. It is here worthy of notice 
that the vertical lino determines how much of the view lies to the right and how 
much to the left of the eye of the artist. 

10. The distance of the picture is a direct line from the eye to the centre of the picture. 
£0 is the distance of the picture, or plane of delineation, GIKL. 

11. The ground line is that where the ground plane intersects the plane of delineation, 
os GL in the figure. 

12. An intcmecting point is one made on the plane of delineation, by producing a line In 
an original object till it touches the plane of delineation. Thus, T is the inter- 
secting point of the original line BA. 

13. Aa intersecting line is one made on the plane of delineation, by producing any 
plane in an original object till it touches the plane of delineation, or where, if pro- 
duced, it would touch it. Thus WT is the intersecting line of the original plane 
ABCDN, being the line, where that plane, if produced, would touch the plane of 
delineation. 

14. A vanishing point is that point on the plane of delineation to which two or more 
lines will converge, when they are the perspective representations of two or more 
parallel lines in an original object, whose seat is inclined to the plane of delineation. 
The point V in the figure is the vanishing point of the line A B, being found by the 
line KV, drawn fVom the eye of the spectator parallel to it, and produced till it 
touches the ]i1ane of delineation in the point V. For a similar reason, V is the 
vanishing point of the line CN ; it is also the vanishing point for any other line 
parallel to the line CN, as BA ; all parallel lines having the same vani^ing point, 
l^hc point Z is the vanishing point of tlie line AK, being obtained by a line drawn 
from the eye parallel to the line AK, and produced till it touches the plane of 
delineatioi^ 'l*he point Z, moreover, is the vanisliing point of the original lines 
DF and NH. And it is to be recollected by the student, that there will l>e as 
many different vanishing points of lines in the delineation of an original object as 
there are different directions of lines in that original oldeot. The point Y is tlie 
vanishing point of the parallel original lines DN and FH, being found by the line 
£ Y being drawn ftom the eye paraUel to them till it touches the |Mane of delineation. 
6o also Q is the vanishing point of the line CD* In Che process of perspective 
delineations, as we shall presently see, the plan of the object being drawn, the places 
of the various vanishing points are found on the ground line, whence they are 
transferred to the hortsontal line by means of perpendiculars raised fixmi them. 

15. A vanishing lime is one supposed to be made on the picture by a plane passing 
through the eye of the ob^rver parallel to any original plane produced till U 
touehm the picture. The line VZ is the vanidiing line of an horizontal plane, and 
of all horimt^ planes, bdng found by the intersection of a plane passing hori- 
sontally through the eye, or parallel to an borisontal plane. The vertical line Y VM 
b the vanishing line of the original vertical plane, ABCDN being the line where a 
pbne passing the eye of the spectstor parsUel to thst plane would ttmek the plane 
of delineation. There will ss numy difierent va^^ing lines on the plane of 
j cHnea t i on ss there are different positions of pbnes in tiie object or ot^jecto; end 
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all parallel planes will have the same vanishing line. Similarly, all lines lying in 
the same plane will have their vanishing points in the vanishing line of that plane. 
All planes or lines iti an original object which are situated parallel to the plane of 
delineation can have no vanishing lines or vanishing points on the plane of de- 
lineation, 

16. A visual ray is an imaginary right line, drawn from the eye to any point of 
observation. £A and EY, &c. are visual rays, being right lines drawn 4om the 
eye to the points A and Y. Hence a number of visual rays directed to every part 
of an object will form a pyramid of rays, whereof the eye is the apex, and the object 
the base. 

1 7. A perspective delineation^ then, is the section of a pyramid of rays producing a 
perspective projection, and is most commonly consider^ as being m^e between the 
object and the eye. But the section of rays may be taken when they are extended 
beyond the object ; in which case such a section is called a prelected perspective re- 
presentation of the object, 

2407. It will then be seen that a knowledge of perspective is, as Addison has said, t 
knowledge of the science by which things are ranged in picture, according to their ap- 
pearance in their real situation.” 

2403. The situation of the objects being given with the plan and position of the plane of 
delineation and the height and distance of the eye of the observer, the delineation of such 
objects is truly determinable by rule. The mechanical operations necessary for this pur- 
pose form the subject of what follows. It is however necessary, before proceeding to lay 
them before the reader, to premise that he must thoroughly study and understand the pre- 
ceding definitions before he can proceed with profit to himself, and we recommend a repeated 
perusal of them until that be effectually accomplished. 

2409. Example I. In fig. 830., No. 1., we have the plan of the original object 



EBADCF, whereof ABCD is a cube, and BCEF a double cube, that Is, twice the height 
of CBAD. GL is the plan of the ground line ; 8, the station point. Through 8 dfiaw 
XY parallel to the plane of delineation GL» and draw 8G and SL rcspectivelj parallel to 
the ^es EA and AD of the united cubes ABCD and BCFE ; and these piwduced to meet 
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file pkne of doliueatlon will determine Rie vaniiJiing points (Def. 14.) of Hie borixontal 
lines AE anti AD, and of all other horizontal lines parallel to them. Draw the line SO 
Ifirpendicular to GL, which line being the direction of the eye perpendicular t^i the plane 
jif^e picture determines the point thereon to which the eye should be directly opposite to 
^"^rWw it when completed, showing also how much of the object is on one side, and ^w much 
On the other of the point of view. We have now to draw the visual rays SA, SB, SE, SK, 
SC, SD, cutting the plane of the picture or delineation in b, x, tc, c, and d ; the point A of 
the nearest cube touching, itself, the picture at that point. The preparation on the plan 
is now completed. 

2410. The picture (No. 2.) or plane of delineation is to be prepared as follows : — First 
draw the ground line GL, and to such ground line transfer, by dropping verticals, the 
points iCrfriccA and d. Above, and parallel to GL, at such convenient height as may be 
necessary to show more or less of the upper surfaces of the cubes or otherwise, as desired, 
draw the horizontal line VZ ; mark on such horizontal line the point O, to which the eye 
is supposed to be perpendicularly opposite for viewing the delineation when completed. 
All the other preparations are obtained from the plan, and may be obtained as follows ; 
First set off on the horizontal line VZ the points V and Z, which are the vanishing points 
of the sides A£ and AD respectively. As A, the nearest angle of the object, touches the 
plane of delineation, it is manifest that a line vertically drawn from that point will be of the 
same height as the object itself, that is, mi the figures are cubes, equal to A B or AD in tlio 
plan No. 1. Take, therefore, AB No. 2. of the height rtM]uired, and draw the lines BV 
«nd A V, also AZ and BZ, which being crossed by verticals carried up from xhwed will 
jetermine the points he and t at the bottom, and in / and A at the top, and pq and r in the 
part where the cube is double the height. Drawing AV it is intersected by the verticals 
from the visual rays at c and tc, cutting in g and n. The line KK forms another line of 
heights, if desired, for finding the height F9; indeed, by continuing any line BC (No. I.) 
to K, intersecting the picture, a line of height may be obtained. The representation of the 
cube marked A will be understood without difficulty, if wliat has preceded lie well com- 
prehended. As by Definition 15. we have seen that all planes or lines in an original object 
situated parallel to the plane of delineation have no vanishing lines or points in the plane 
of delineation, so two of tlie sides of the cube will bo bounded by horizontal and vertical 
lines, inasmucli as those udtfs lie parallel to the plane of delineation, 'ilie vanishing points 
for the other lines will of course be found in O, which passes through the picture at righ* 
angles to it from S, the station point. 

2411. Example II. 'lo find the representation of a quadrangular building, sitnuted 
inclined to the picture, covered with a single spanned roof, having a gable at each end. 

2412. I>et the rectangle ABCD (No. 4.) 831.) be the plan of the building, the 

line £F will be the place of the ridge of the roof extending from end to end. Let the line 
QL be the place of the plane of delineation, and let S l>e the station point. 

2413. Find O the centre of the picture, also the points Q and L, the vanishing points 
of the lines AB and AD, and their parallels, by lines drawn from S parallel to such lines 
and intersecting the picture. Produce the face of the building AD to I for an intersection- 
with the picture, and draw the visual rays intersecting the ground line of the picture 
in the points benf and d, These need not, however, be drawn beyond the plane o* 
delineation. 

2414. Prepare the picture (No. 5.) by drawing the horizontal and ground lines VZand 
G R at any distance from each other at pleasure ; fix upon the centre of the picture O, and 
draw the vortical line OO; set olT the distances of the vanishing points OV and OZ, equal 
the distances o the vanisliing points OQ and OL in No. 4. Draw tiie intersecting line 
lL(No. 5.). and all the visual lines, through the points beaf and e/, taken from tlieir 
respective places and distances Aecf and d (No. 4.), and proceed as follows: — 

2415. (>n the intersecting line IL (No. 5.) set up the height IK equal to the height of 
the building BC or HG (Nos. 1. and 2.), and draw the lines KZ and IZ, determining the 
plane gmop for the front of the Imilding. Draw the lines mV and ^V, determining the 
end of the building ghim. It now remains to place the roof, which is readily done, but 
which, however, requires some circumspection in the process. 

2416. Place the height of the roof XD (No. 1.) on the intersecting line at IL (No. 5.), 
and draw LZ, which will give the height of the ro^ on tlie angular line of the budding gm 
at r ; firom which spot it may readily be transferred to its proper place in the visual line tk by 
the line rV, which cuts the line cA in the point A, the point required. Fr>m the point A 
draw the lines Ai and Ata, oomplciing the gable end of the buUdii^. Draw the ridge of tlie 
roof AZ, cutting the end visual line, in the point n ; and lasdy, draw the line no, eompleting 
the whole linear delineation of the building ghiinop. It U to be observed, t^ whatever 
orispnal plane is produced to the picture to obtain an intersection, such intersection 
serves only to ob^n heights in the direction of that plane ; whence they im^ be tnaeferred 
to other planes in contact witli it, as in the present instanee. The intcneeling line IL 
(No » tly» intersecting line of the plane gntop ; hence any original h^fkt set up 
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hereon can only l>e transferred throughout the direction of tliaf plane. Thus the ?ici;^iit 
f the roof 1 L was tr&nsferred by the line LZ along that plane to its other extremity Jt ; 
>ut the line rs is not the place of the ridge of the roof which lies in the middle of the 
>]ane ghikni, proceeding from the fioint k ; but any height on the angular line gr is easily 
ransferred along that plane by means of its horizontal vanishing |>oint V, by which means 
he height of the roof was obtained by the line rV at k. If. instead of the plane over the 
ine AD (No. 4.) being produced for an intersection, the plane of the middle of tlie house 
II tlie direction of ttie ridge of the roof had been drawn, and the height of the roof had 
>eeii set up on that line, it would at one application be transferred to its proper place. 

2417. J^t the line FE (No. 4.) l>e produced to P for an intersection, set off the distance 
DP at OP (No. 5.), and draw the intersecting line PH. On PU set up the height of the 
ddge of the roof equal XD (No. 1.), .and draw the ridge line HZ, and it detennines the 
iXHct ridge of the roof between the proper visual lines, and will be found to correspond 
exactly with the ridge obtained by the former process. 

2418. 'Jlic roof may, however, be found by another process, thus: — The slant lines of the 
roof have their vanishing points oo the picture as well as any other direction of lines in the 
same object. The line km (No. 5.) being in the vertical plane ghikmy will have its vanish- 
ing points somewhere in the vmtiidiing line of that plane. (Dcf. 15.) A vertical line 
drawn through the horisootal vanishing point V will be the vanishing line of the plane 
gkikm } therefore the vanishing point of the lines Am, hi, and of all lines parallel to them, 
will be somewhere in the verticad GVXQ. 

241 9. Two lines drawn from the eye parallel to any two lines in an object, hndiiig their 
vanishing points, will make the same angle at the eye as the lines in tlie ol^^t make with 
Mh other ; for the two lines in the one instance are respectively parallel to the two lines 
in the other. 

9420.' The line SQ is drawn from the station S parallel to the line AB (No. 4. ), and a 
line drawn from the station making the same angle with SQ u ED does with EC, 
(No. 1.), will find the vamiltlQg point of the line £D, and this point must be evidently 
eomewlim in a vertical line through the point Q. To obtain this point in practice, take 
the distance of Che vanishing line it is in, that is the length from S to Q in the compasses 
end set off the some in the bortsoo (No. 5.) from V. to W, At the point W make on angle 
VWX equel to the imdinatioii of the that is equal to the angle C£D (No. 1.), and 
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produce the line till it Intersects the vertical line through the vanishing point V in the 
horizon in the point X. The point X will be the vanishing point of the line of the roof km 
(No. 5.), and of the line no, parallel to it. The slant tines of the roof km and no, already 
obtained, will, on application of a ruler, be found to tend to the point X, as aliove stated. 

24‘2U In the same way the line of the roof ( No. 5.) will also have its vanishing point, 
and in the same vertical line GVQ. It will be found to be as much below the horizontal 
vanishing point V as the point X is above it. (Def. 14.) 

2422. Let the line AB (No. 6.) be the line of the horizon, and CD the vanishing line of 
a vertical plane, being the gable end of a house, and let the angle ABC be that of inclina* 
tion, finding the vanishing point of the slant lines of a roof in one direction. Let the 
iine BD be the line, finding the vanishing point of the slant lines in the other direction, 
having the same inclination to an horizontal line; then the angle ABD will be equal to 
the angle ABC, and the distance AD equal to the distance AC. 

2423. Example III. To find the representation of a quadrangular building situated 
inclined to the picture, covered with a single hipped roof. 

2424. Let the quadrangle GDHK (No. 7.) the plan of the building ; the line MN 
will represent the ridge of the roof. The former line QL may be the place of the plane of 
delineation, and it may be viewed from the same station S. 'Die position and direction of 
the lines of this object being the same as those of tlie last example, the preparatory lines 
will also answer for this. We have then only to draw the visual rays MS, NS, PS, 
and KS, intersecting the picture in the points m, n, p,p, and A, and to produce the line DG 
fur an intersecting point at R. 

2425. Prepare the picture (No. 8.); let the line VZ be the horizon, GR the ground 
line, O the centre of the picture, and the points m, n, g p, and k coresponding with 

k. (No. 7.) Draw the visual line lines through those points and the intersect- 
ing point R, and proceed as follows : — 

242G. On the intersecting line RC set up the height RT, equal tlie height of the 
object HG (No. 2.), and draw the linos TV and RV, cutting the visual lines of the front 
of the bu dding in the points z and o,g andp, determining the plane ypozibr the represent- 
ation of the plane of the front. From the angular points z and y draw the lines zio and yx 
to their vanishing point Z determining the plane yztox for the end of the building. 

2427. On the intersecting line set up the height of the roof T£ equal the height NX 
(No. 3.), and draw £V cutting the angular visual line of the building in the point e, from 
which point dMmv the line ez, cutting the visual line pa in the point a, the point of direction 
of the ridge of the roof. Draw the line a V, which, cutting the visual lines through the points 
m and n in the points t and v, determines the exact position of the ridge of the roof tv, whiclf 
is the representation of OP (No. 3.), or of the ridge MN (No. 7.);* draw the lines to, vz, 
and vw, which will complete the whole representation required. In No. 8., if the lines 
ax and aw be drawn, they will form a gable end yzawx, of which the point a is the point of 
the gable, and will answer for the direction of the ridge, whether it l>e a gable end or a 
nipped roof, for in both cases it lies in the middle of the breadth of the house ; wherefore 
the line aV answers as well the edge of a hipped roof as of a gable end. 

2428. In examining the plans (Nos. 4. and 7.) of the two buildings, it will be seen that 
they arc placed at right angles to each other, and in contact at the point D, so tliat the 
second example might have been easily accomplished from the first, without the aid of 
another intersection and other preparatory lines, than the additional visual rays from the 
angles, which the student will have surely no difficulty in carrying through, without the 
necessity of encumbering these pages with the detaiL 

2429. Example IV. In ^g. 832, No. 1. is the general plan of a church similar to 
many country churches. A BCD is the main body of it; EFGH its tower; IKLM and 
MLNO subordinate parts of the building, and a6cd the porch. No. 2. is its geometrical 
devation ; the ends and measurements, AB and BC, answering to IM and MO in No. 1., 
and the points of the roofs D, £, and F. (No. 2.) answering to the liras of the ridges 
QR, TV, and PL, No. 1. To find the peispective representation of this building on the 
plane of delineation YZ, the station being at S, the following is, perhaps, the readiest 
process. 

2430. Find the vanishing points Y and Z of the horizontal lines of the building by the 
lines SY and SZ bcung drawn from the station parallel to them. O k the centre of the 
picture. Draw the visual rays firom the visible angles of the object in direction to the 
station 8, to intersect the plane of delineation. 

2431. Mfben m complicated object, that k, one composed of many parts, k to be drawn, 

it requires, of course, a great numbeor of visual rays ^ the precise deCerminatioii of those 
parts, and the whole together forms an apparently eon ft isea number of lines. The eye* 
liowever, which views them properly, does not pet^ve thst oonfiiskm ; and, if it pezples 
the student, difibrent coloured inks, or of diffiwenl shades of dqtth, may be used to parti* 
eulanse diflkrent parts. In the delinestion of sudt an oldeet as the pr es e n t ^ 

most important Msidcration is the choice of a proper interaectioii ; Ibr though any inhw- 



fAP. IV. 


PEllSPECTIVK 


817 



Bction will do, that should he chosen which unites most parts in its direction with tht 
reatest exactness and the least trouble. In the case under consideration^ none seems 
fiore eligible than the direction of the roof PLM, which produce to W. 

2432. In the picture No. 3., GL is the ground line, GV the height of the horizon, 
he line VX being then the horizontal line. O jn the horizon is then the centre of the 
ncture, from which, place the distances of the horizontal vanishing points OV and OX 
qual OY and OZ, No. 1. AB (No. 3.) is the intersecting line, and all the visual lines 
m the plane of delineation are drawn conformably to their intersections on the ground 
ine in the plan. On the intersecting line the height AC is made equal to the height AG 
)f the elevation No. 2. ; and the lines Cc and Ao, being drawn in direction to the vanishing 
[>oint V, determine the height ac ; being tlie height of that part of the building on the visual 
line answering to the ray from the point M in the plan No. 1. j^ffl^ough the points a and c 
draw the lines de and bf to their vanishing point X, determining me pUnp hdef, the repre- 
sentation of the plane AGHCt No. 2.; the visual lines hd and fe answering to the raya 
from the points 1 and O in the plan. Draw the lines dh and Uf tending to their vanishing 
point V, to the ray from K in the plan completing the plane bglui. On the intersection 
make the height AD equal to the height of the roof N£ of the elevation No. 2., and 
draw Di in direction to V. Through i draw the line kl to the vanishing point X, touching 
the visual lines of the roofe in the points h and L Draw the lines jtm, mA, kd, ke^ k and Ut 
which will complete the whole of the structure over the plan IKNO, No. 1. 

2433. The height pf the roofs of the low buildings is equal to tbe height of the 

upright wa^ of the b^y of tbe building, as shown by the line Jr R in the clevatum No. 2. ; 
henoe» the line mo, and the return line on, may be drawn to tbe visual lines correspond^ 
with the intersections from the angles A and B of the plan From the angle g the hijjm 
may aim be drawn, which wiiyj|ptennine the lines sr, rt, and tp of the porch. Makj^H 
^ tbe intellection equal to thflifeigbt of the roof BF in the elevation, and draw tlflPR 
£V dacrminttig tbe ridge of the roof between the two visual lines from the pointo Fand 
u ^ ^ * beingwohtaindii|j| 

^ om drawn to its vanishing point X, cutting the visual line from the angl^^Hf 
the plan in the points. 
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S4S4. Make AG and AF on the interiectton ^^qual to the heights of the tower BO and 
BM of the elevation, and draw the lines GV and FV cutting the visual line Mm P in the 
plan, in the points a and b ; thibp^ which points draw theTiites or and ef to their vanish- 
ing point X; and the lines cd ana ep to their vanishing point V ; the points p, r, and /being 
in the proper visual lines from the angles of the tower E, and H id the plan. The 
tower will be completed by drawing the lines dgt de^ tUy apd 

2435. This example elucidates the general praoticeof vanbhing points, which are as well 
to be obtained of other positions of lines as horizontal ones. It is not always that the 
vanishing points of inclined lines are required, but they are oAcn useful, and sometimes 
absolutely necessary. In the geometrical elevation No 2. the lines MO, PF, GD, I£ are 
all parallel lines, as also are the lines OV, FR, EH, and DI, and though situated in dif- 
ferent, yet they are in parallel planes, and will therefore have a common vanishing point. 
A line drawn perpendicularly to the horizon through the vanishing point X (Jig, 3.), as 
LQ, will be the vanishing line of the plane of the end of the church over the line lO of the 
plan, also of the end of the body AD, likewise of the side of the tower EH ; and a line 
drawn through the point V (No. 3.) perpendicularly to the horizon, as OM, will be the 
vanishing line of the planes overlhe lines (No. 1.) IK, AB, ah of the porch, and F£ of the 
tower, and all lines in those planes, or the boundaries of those planes, will have their 
vanishing points somewhere in those vanishing lines. 

2436. To obtain the vanishing points of the inclined lines of the roofs and tower, take 
the distance of the vanishing point Z from the station S in the compasses, and apply it on 
the horizon from X to II. At the point II make an angle with the horizontal line equal 
the angle of the rooft aPe (No. 2.); the curve KI and the distance of it from the centre 
H being equal to the curve oc, and distance of it from its centre P: then is the angle KHI 
equal to the angle of the roof ciPc (No. 2.). Produce the line HK to Q; Q. will l)c the 
vanishing point of the lino ea of the tower, also of the parallel lines oc, dk, and c/, which, 
though olMilllilfd by a different process, will all be found, by application of a ruler, to tend 
truly to thm IMipt, os is shown by the dotted lines in the example. Proceeding in the 
same way with the distance of the vanishing point Y from the station S, we obtain the 
vanishing point of the same inclination of lines in the other planes of the object. Take the 
length SY in the compasses, and set it off on the horizon from V to N. At the point N 
make an angle IN'J' on the horizon equal the angle KHI, that is, equal the angle of in- 
clination of the roof aPe (No. 2.). The line NT produced to M in the vanishing hue 
GM will be the vanisbinj^ point of the linede of the top of the tower, also of the lines ir3 
and y5 of the porch (the inclination of the roof of the porch being the same as the other 
roofs of the l>ody of the church), as shown by the dotted lines in the example. Tlie 
walls of the porch arc obtained from the height AP on the intersection, equal the height 
AT, No. 2., P/n being drawn to the vanishing point V, and nut to X, give the lines a5, 53, 
and 32, We may olmvo that the inclined lines «/, /«, *c, and vz have a common vanish- 
ing point, which, if required, may be obtained ; it will be in the same vanishing line with 
the point Q, and as much below the horizontal vanishing point X as the point Q, is above 
it, to which point, were it obtained, the lines already drawn will be found exactly to tend. It 
is seldom alMolutcly necessary to have both these points ; in this instance one only of them, 
the point Q, is obtained, which answers every end rcquiied of both ; for, supposing it were 
left to that vanishing point for finding the inclined lines, the visual lines lietng drawn, and 
the heights of the ujiright walls being found, the line dk being 4«awn in direction to the 
vanisliing point Q, determines one side of the gable end at the visual line in tlie middle ; 
the other is accomplished by Joining tlie points k and c together. So of the other gable, 

being drawn, ie is also had by joining together the points I and e. 

8437. To complete tlie whole, draw the line xq on Ibc tower from the point x to tlie 
angle of the tower, in direction to the vanbhing point Q; tlum draw the lines qk and nh to 
their proper visual lines and vanbhing pointsf V fund Q* ^ 1?bt'|Hitting on of the spire re- 
quires some consideration, and in it we must pitM»ed with some thought and care. Tlie 
base of it is intended to be a rcgulai- octagon. If the two external lines in the geometrical 
elevation of the spire be continued till they touch the sides of the tower, as b xione at K 
and L (No. 2.), and an octagon be there constructed, extending the square of the tower, it 
will be the base of the spire. Set up the height of the spire BW (No. 8.) on the inter- 
section (No. S ) at B ; also tlie height of the base line KL at K, and draw tlie lines BY and 
IIV ; the first, cutting the visual line through the centre of the tower in the point O, de- 
termines tlie height of the spire ; the other, cutting the tower in the point a, detenniiiei its 
base. ' Through the point a draw a line round the lower, and find the pekaU of the nfetagon 
in the mlddU of each face of the tower, to which let lines be drawn firotn the top O, and 
the whole will be completed, as shown in the example. 

8838. Thus have we gone through the process of llndiD|( the rcpr ei ci it a ti oo of rather a 
complicated object with as little confusion of Uncs as poasibie ; but one tiiipg abccoeding 
hopther, and each be^ required to remain for the student^ obaTfean^z, t&e arholq 
ioiatotdably becomes intricate. Indeed, It ix not now so pcrfoctly exaeiit^ but thal 
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vomcthinglrematns for the student to oottiplete, whidi must result from his own study or 
occupy more space than all we have already written on it. We allude to the intersections 
that take place at the lodgment of the spire on the top of the tower, to elucidate which it 
is drawn to a larger scale at No. 4,* the mere inspection whereof will convey a fuU and, 
we hope, satis&ctory Idea of what we advert to. The student has been left to complete 
the baM of the octagon, a process so simple that we cannot, if he retain what he has read, 
believe he will find difficulty in accomplishing, cither by visual rays or other srise. It u 
next to an impossibility to describe intricate matters like these so as to leave nothing foi 
the exercise of the reader's judgment; for, however copious the instruction, there will 
always remain sufficient unexplained to keep his mind in action, and afford him the oppor^ 
tnnity of exercising his own ingenuity. 

9439. Example V. In fig. 833. the objects X and Y ore plans of columns witli bases 



and capitals, whose general forms arc shown at X and Y (No. 1.). Y'Z, as before, is tlie 
plane of the picture, S the station point. The picture, as previously, is prepared with the 
vanishing points VZ, and the ground line GL. OO is the central line of the picture, and 
BA, BA arc, it will be seei^ lines Of height. 

2440. In the squares X i^d Y the 4(^ted lines show the diagonals and boundaries of 
squares inscribed in the drel^ by which so many more lines m gained for obtaining the 
curves which the circles form in the perspective representations. The visual rays are 
drawn as in the preceding examples, and trai^erred to the picture, the process being, in 
fact, n o t ing more than making squares fiiUowing the profiles, which, at the different 
heights, guide the formation of circles within and around tb^, of which the upper ones 
only,'^jR>r preventing confusion, are shown in the perqieetive representation. In each 
series, the extreme width of the appearance of the circle may be obtained by visual rays, as 
atbifU,K 

9441 ! At Z and z (Nos. 3. and 3.^ are the plan and elevation of an arcade, from which 
if wtn be seen that the principle of inscribing squares sod diagonals is equally applicable 
to the vectisal representotion of circles. Presuming; that we have sufficiently dteribed the 
diagram to enable the student to proceed in drawing the examples at large, tye shall now 
saln^ an axample of general appltoathm. 

244St Exanqila VI. In Jig. 834. YZ is the plane of delineation, and the plan of the 
buildup, u^itaprqjectums, roofi and chimneys, i» shown in No. 1. In practice, this is ge- 
wraUy mada on a sspantadtawing board, to enidda tba draug h ts m an to make bis perqpaetiva 
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uutlino without injury from constantly working over the paper. Here the vanishing points 
are too distant to be shown on tlie diagram ; but the reader^ from the tendency of the 
several lines, will easily find where they lie. In the same manner, he will find whereabout 
the station point is placed. BA, BA, BA, No. 2., are lines for the transference of the heights. 
The projection of the cornice is dotted round the leading lines of the building on the plan. 
The rest of ^he figure cannot fail of being understood and put in practice by the student 
who has made himself master of the preceding examples. 

2143. We shall now turn to a point whereon much difiTcrence of opinion has prevailed, 
namely, the adjustment of what may generally be considered the best angle of vision, within 
which objects simuld be seen to obtain the most agrcable representation of them. For as 
this angle is enlarged or decreased by viewing the objects at greater or less distances, their 
appearance will vary, and their delineation, in consequence, be affected thereby, and dis- 
tortion of the objects will be the result, 

2444. By the angle of vision or angle of view is understood the expansion of the lines 
proceeding from the eye, by the two extreme visual rays 
embracing the whole extent of the view, and this whe- 
ther it consists of one object or of many. Let A (Jig, 

635.) represent the plan of a mansion; let B be the 
outhouse contiguous to the mansion, and let the places 
of trees be at CCC and DDD. Let S be the station 
or point of view from which the whole is seen. Con- 
sidering the mansion A as a lone object, the extreme 
visual rays Sa S6 form at the eye the angle aS6 ; then 
c(S6 is the angle of view under which that object is 
seen, Sa and Sit being the two extreme visual rays em- 
bracing the whole extent of the object. Again, if the 
outhouse B be taken as a single object, then will the ex- 
treme visual rays oS and dS form, at the eye, the an^lc 
cSd, being the magnitude of the angle under which 
' that object is seen. So of any object, the visual rays 
tliat embrace its whole extent form the angle of view 
under which it is said to be scon. It is then mani- Fif. 83S. 

fest that the angle of view will be either large or small, as the eye is near to or remote froni 
the object. Suppose botli tlie objects A and B am to be taken into the view, with tbo.iuU 
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ditiun of the trees to their right and left. Let visual rays be drawn ftom the trees on botii 
sides to the.station S. Tlie angle CSD is the angle of view under which the whole extent 
is seen, and the rays CS and DS arc denominated the extreme visual rays of the view. ^ 

24^5. Objects may not only be placed too near the eye for comfortably viewing themy 
but they may bo so nearly placed to the eye as to give it pain. Tlie eye only contemplate 
a small portion at a time ; it is only by its celerity and continual motion tliat it becomes 
perfectly sensible of a whole and of the many forms whereof it is composed. But when an 
object, or many objects, widely extended, are placed too near, the traverses of the eye in 
viewing the whole become painful. Every one must have experienced that this is so, and 
why so we must leave to others to account fo**. When the eye is removed to an agreeable 
distance, the extent of the view to be delineated is at once seen witliout turning tlie head to 
one side or the other, so that all the objects are at once comprehended. 

2446. In taking a view, the turning of the head is to be avoided. ITic view sliould on 
no account comprise a greater extent than can be taken by a coup d*oeilt or than can be 
viewed by the traverse of the eye alone ; and this necessarily confines the extent of that 
with which we have to deal, and brings the angle of view witliin certain limits. What the 
eye can contemplate without trouble it views with pleasure, and beyond n certain extent 
the eye becomes distracted. 

2447. Smallness of object has no relation to the angle of view ; a die, or the smallest 
possible object, may be brought so near the eye as to give pain in looking at it, and a large 
extent of view may be contemplated with as much ease as a small one, by merely placing 
the larger one at a greater distance. If the place of the plane of delineation be at FG, 
then FSG will be the angle of view. If a section of the same visual rays be taken at HI, 
then HI will be the extent of the picture, and the angle HSI is the angle of view ; but 
the angles FSG and HSI are the same, therefore the eye views both witli equal satis- 
faction : but in this case one must be placed at the distance SO, and the other at the 
distance SP. 

2448. 'riie attempt to select an angle suitable to all the cases that may occur, as the best 
angle of view, would be as vain as it would be absurd. Different subjects require diflercnt 
treatment. External subjects ditter from internal ones ; and the last from each other, accord- 
ing to circumstances. Some authors on the subject have laid it down as a rule, that the 
greatest distance of the eye from the picture should not exceed the width of the picture 
laterally, which makes the angle of view about 53 degrees ; others have insisted that the 
distance should bo less, requiring that the angle of view should not be smaller than 
60 degrees ; and others allow of a still larger angle. The elder Malton, and his son, to 
whom we arc indebted for all that is valuable in this section, and whose (both of them) 
experience in the matter was very extended, advise that the angle of view should never 
exceed from 53 to 60 degrees ; the former recommending an angle of 45 degrees as the 
best, because neither too large nor too small. The elder Malton advises to keep between 
the one and thex)tlier, that is, not to let the angle of view exceed 60 degrees, nor be less 
than 45, the first being likely to distort the objects, and the last rendering them too tame 
in the outline. We can add, from our own experience, that the advice is sound ; for 
though, under very particular circumstances, it may be necessary to use a larger angle of 
view than 60 degrees, such a case does not frequently occur. Much must always be left 
to the discretion of the artist in respect to points which arc to guide the angle of view he 
adopts. After a little experience, he will find that angle best suited to the circumstances 
under which his drawing is to exhibit the object or objects. 

2449. Example VII. The principles upon which we delineate any of the interior parts of 
a building are in no wise different from those used for the representation of their external 
views, for it is of course immaterial whether we represent the external faces of their sides, or 
those which form their internal faces ; the only diiBculty which arises in making an internal 
view being that which arises from the inability, on account of the restricted distance under 
which the^ are in reality viewed, of placing the station point at such a distance as to take 
in a sufficient quantity of the objects to be represented. A person placed in a room can 
of course only see the whole of one and part of another wall ; in short, in every direction 
he cannot see comfortably more than, as we have above mentioned, forty, or, at the most, 
fifty, degrees of the objects around him. On this account, and for the purpose of showing 
more than in reality can be seen, it is customary, and perhaps justifiable, in order to give 
a more comprehensive view of the interior to be delineated, to place the station point of the 
spectator out of the room or place, supposing one or more of its sides to be removed. This 
is, in fact, a delusion, as is every view of an^ interior possessing any merit that has come 
under our notice. But for picturesque delineation, it is not only one which is necessary, 
but one without the practice whereof no satisfactory representation can be given of an in- 
terior whose dimensions are not very extended. Ulie section whereon we are now engaged 
U not supposed to be a treatise on Perspective, but merely a concise developement of its 
principles so os to give the reader such a gmeral knowledge of the subject as may enable 




Fig. 836. 

fwrposes of the delineation ; YZ (No. 1 . ) U the plane of the pictui^ O ia its centre. I^tucqpi 
the data, therefore, there will be no difficulty of obtaining the vanishing points of the udes 
Ya and ab. The diagram ii not encumbers with the visual rays necessary for the deline* 
ation, which we are to suppose drawn and transferred to their proper places on No. S.> 
wherein HH is the horizontal line. No. 2. is a longitudinal section of the staircase, wherein 
are shown the rising and descending steps, and the dotted line cd gives the section of the 
vaulted ceiling over the staircase. Jt will be immediately seen thaA the ends of the steps 
will be determined by visual lines, notwithstanding the aseetU and descept of them, because 
either is determined by referring to any lines of height, which may be obtained from the 
plaasuid section, by which the portions seen of the flights wiH be immediately found su4 
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tfwuiierred to their respective places on the picture. With these obeervalioiis we leave tjie 
diMffnm for the exereise, on a larger scale than here giren, of the ingenuitjr of the student 
2-451. Example The last perspective example to be submitted is that of a cornier 



2452. Let EM, FN, GO (No. 1.) represent the angles of a building in perspective, 
LMNO being the lower horizontal line of the cornice, whose geometrical elevation and 
profile are shown in No. 2. Make MQ equal to mg the depth of the cornice, supposing 
the edge EQ, to be in the plane of projection ; draw PQliS, &c., the lines of the top of the 
cornice, to their respective vanishing points. Make QT, Q'l' in RQ, PQ, produced equal 
to the perspective projection of the cornice gf, Tlien place the depths of the various 
mouldings along MQ. and fix the lengths of their projections on the lines drawn to the 
vanishing points through those in EQ, an operation which may be much facilitated by 
drawing MT, MT', by which, in many places, the points of the mouldings are at once 
determined, as in the case of the top and bottom of the fillets of the ovolo ; and very often, if 
the drawing is not on a very Urge scale, mt and its perspective images MT, M'i\ 8ic. will 
enable the eye to proportion Uie mouldings. Thus the perspective projections MQT, 
MQT' of the sections of the cornice by the planes of the sides £N, EL, supposed to be 
prolonged or extended, may be found ; and it is manifest that lines through the points 
of these sections to the proper vanishing points will give the perSj)ective forms of the cor^ 
nice mouldings as they would appear. 

2453. The lines found will by their intersections supply the mitre MQU; but M*hcre 
the scale is large, it is better to obtain mitre sections at each principal angle of the building 
as shown by the lines MQU, NRX, &c. The planes of the mitres form, of course, angles 
of forty-five degrees with the sides of the building itself, consequently the vanishing points 
of QU, RX, &c. may be found by bisecting perspectively the right angles found, or by 
drawing on the plan lines parallel to the diagoital lines or mitres from the station point to 
intersect the picture. If these, indeed, are .bund in the first place, there would be no 
necessity to draw the square sections MQT, MQT', inasmuch as lines drawn from the 
mouldings intersecting the mitre sections to the vanishing points will at once form the 
perspective representation of the cornice. In practice, this is the usual mode of proceeding, 
because a skilful diaughtsman can pretty well proportion hy his eye most mouldings as seen 
in perspective ; but where great accuracy is retired, the method of proceeding by square 
sections b recommended, b^umse, from the great foreshortening of the diagonal line, the 
■mallest inaccuracy of intefsection on it will cause very targe errors tn the mouldj^^ 
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WhoA the duigoiuil sections elone ere used, it is clear that the geometrical profile, No. 2 h 
will , not be tbt same ,«t that formed by the oblique section of the cornice : this last mu^ 
*^erefore be obtained from a plan and elevation of the mouldings as shown in No. 3. 

2454. Instead of finding the square section made by the plane FNGO at the angle OG, 
it may be drawn on the plane TQM* where it is more readily found by producing the lines 
irhereby the section TQM was obtained; so the lines are set out in per<. 

spoctive equal to the projection of the break of the building ON t moreover by the line 
nee may obtain mouldings of the eomioe on the face of the wall GH as produced 
or prolonged to end conversely 

the cornice in perspective may be drawn 
from this imaginary section, if it be pre* 
viously found. Where vanishing points 
are at an inconvenient distance iu draw- 
ings, a mode may be adopted to obviate 
the inconvenience, the principle whereof 
is this. Let A (Jig. 837 a.) be the vanishing point, CDB a segment 
of a circle whose centre is A; then if CB be bisected in D, AD will l>e 
a vanishing line for such bisection ; and if CD be bisected, and a ruler applied to join CD, it 
will, by the application of a square on CD, give the vanisliing line for the new bisection. 
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0450. Our next care Is to find the vanishing point of the raking mouldings, which may be found from what 
has already been said, and a perspective section must be made of these mouldings by means of any vertical plane 
where most convenient; but the best place is through the apex of the pediment, wlilch, as it could not, for 
want'of room, be done in the present example, is taken through the line oo, No. 2., passing through the ex* 
trome leit angle of the tympanum of the p^iment. 

245G. As the mouldings or the pediment (Jiff. 837.) here are of the same depth and projection as in the hori- 
eontal parts, they will nut. when inclined, coincide with the diagonal section of the horizontal cornice at OS; 
hence that section, If found in perspective at OS, cannot be used for drawing the perspective representation ot 
the pediment cornice, except for the bead or fillet above the corona, which, fTom the construction of the 

S ediment, will coincide at this mitre, as we may see in No. 2. ; whence It may also be seen that the point jr 
oes not colncide.with i. X'jr cannot, therefore, in the perspective representation, be drawn through X, the 
point answering to / in the diagonal section NKX. OO' in the line OH is to be made in perspective equal 
to mo. No. 2., and the whole depth oo, and those of the several mouldings on the oblique section, being set 
upon EQ produced, they are to be transferred to OO' by means of the vanishing point*. 7'he distance O' I 
is the perspective distance of the projection gi of the cornice as before, and is most readily obtained from the 
lection 0"T", which is transferred to the plane O'l, and will be easily comprehended from the figure; the 
quantity of projection of each raking moulding of the pediment is equal to that of the same mouldfiig where 
horizontal. Thus the pcri.'pective representation ofau oblique section made by a plane passing through oo, 
No. 2., Is obtained, and the mouldings are then drawn to the vanishing point through the various points, the 
line IX' cutting T"X in the point corresponding to r. No. 2. As to the mudillions, their representations are 
found with less confusion by planning them apart and using visual rays; but if no plan is used, the following 
method, Invented by the elder Malton, may be adopted: — 

2457. Draw BC, the line Intersecting the plane oi the sofite of the corona. Nos. 2. and3., through the proper 
point jr in MQ at right angles to it, anddrawsy tothe vanishing point. Produce the linecorresponding lb A in 
No. 3. to A in jy, and transfer A to 1 in BC, so as to be proportional to it In respect of the whole extent. 
Then sot ofTthe proportional widths and intervals of the modillions, as shown on Nos. 2. and 3. on BC, and 
transfer them by means of the same proportioning point by which * was transferred to 1 ; and from the 
points 2, 3, 4 , B, 6, &c. in rg thus obtuined, draw on the perspective of the sofite by the use of the vanisiiing 
point the lines representing the tops of the modillions corresponding to 2, 3, 4, &c.. No. 2. The cyniatiun;i 
round them and the Inner angle or the sofite may be drawn by tho eye, or where great accuracy is required, 
the mitre or diagonal sactioni may be determined as for the principal 
mouldings already described. At the backs of tho modillions the 
verticals are to be determined either by means of visual ray.s from a 
)>lan, or through the medium of intersections of the perspective lines 
of the upper parts of them on the sofite, which is as much ns can be 
requisite for guiding us to a correct delineation. The same process is 
to ue used for the modillions on the other sides. 

The following la an easy method for dividing vanishing lines in 
pcrapectlve. l^t AB, CD be the perspective representation of two 
parallels, no m.itter in what plane. It is required to divide the given 
portion of A B on one of them so that Its parts shall be the perspective 
representation of equal portions of the real line (or in any assigned 
ratio). Draw BE parallel to CD and equal to aB, and divide it into 
the required number of equal parts or of iiarts In the desired proper. ' 837. # 

tion beginning at E. Join AE and produce it to meet CD in F. From F draw lines to each of the points 
of dlvfitqa VQRS of the line AE, and they will cut AB in the required points of subdivision pqr 



Sect. III. 

SHADOW!. 

2458. Sciography, or the doetrine of shadows, is a branch of the science of projcctioii* 
and some preparation has been made for its introduction here in Sect* VI. Chap, I. (1 UO* 
aeq.) on Descriptive Geometry, which, if well understood, will remove all difficulty in 
comprehending the subject of this section. 

2452. The reader will understand that in this work, which is strictly architectural, the 
only source of light to be considered is the sun, whose rays, owipg to his great distance, 
are apparently parallel and rectilineal. It is moreover to be iirenused, that such parts of 
toy body as may be immediat^y opposed to the rays of light arc tecimioiilly said to be in 
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Ji^hU the remaining part$ of such body are said lo be im akadti. But whc^n one 
body stands on or befiwe another, and intereepts the sun's rayf iKmi' i!Ke latter, whVib 
IS tl«*reby deprived of die action upon it of the rays of light, the pid^^sb depVivcd of the 
immediate action of the light is said to be in ghadow^ It seems l^dly ' necessary to ob* 
serve, that the parts of any body nearest the source of light irill be the brightest in 
Appearance, whilst those furthest removed from it will, unless under the action of reflected 
light, be the darkest. ' « 

2460. It has been the practice, In architectural drawing, to represent Che shadows of 
thehr objects'at an angle of forty-five degrees with the horizon, as well on the elevations as 
on the plans, llie practice has this great convenience, namely, that the breadth of the 
shadow oast will then actually measure the depth of each projecting member wliich^ cMts 
it, and the shadowed elevation may be thus made to sup.ply a plan of the external parts ol 
the building. Now, if in the elevation the shadows be cast at an angle of forty- 6 vc degrees, 
it will on a little consideration be manifest, that, being only projections of a more length- 
ened shadow (for those on the plan are at an angle of forty-dve degrees), the actual shadow 
seen diagonally must be at such an angle as will make its projection equal to forty-five 
degrees upon the elevation ; because all elevations, sections, and plans, being themselves 
nothing more than projections of fhc objects they represent, are determined by perpen- 
dicular, horizontal, or inclined parallel lines drawn from the 


points which bound them to the plane of projection, and simi- 
larly, a shadow in vertical projection, which forms an angle of 
forty-five degrees with the horizon, can only be the representa- 
tion on such projection of an angle, whose measure it is our 
business noMr to determine. 

2461. In the cube ABCDEFGII (^< 7 . 838.) the line BD, 
forming an angle of fort^-five degrees with the horizon, U a 
projection or representation of the diagonal BH^ on the ver- 
ticad plane ABD ; and our object being to find the' actual angle 
AB(B, whereof the angle ADB is the projection, we have the 
following method. Let each side of the cube, for example, 
« 10 , Then (by 907.) AD 2 + DH 2 = AH^. 
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That is, lOx 10 + 10 x 10 = 200 = AH®, consequently AH=» 14-142100. 

As BAH is a right angle, we have by Trigonometry, using a table of logarithms, — 
As AH ( = 14 14142100) or Ar. Co. Log. 9:8494850 
To tangent 45^ . . • . 10-0000000 

So AB ( = 10 - 00000000 ) log. . . 1-0000000 


To tangent of angle FHB = S5° 16' . =9-8494850 

• The angle ABH is therefore 54° 44'. 


Hence it follows, that when shadows are projected on the plan as well as on the elova. 
tion, at an angle of forty-five degrees, the height of the sun which projects them must be 
35° 16'. 

2462. It is of the utmost importance to the student to recollect this fact, because it will 
be hereafter seen that it will give him great facility in obviating difficulty where confusion 
of lines may lead him astray, being, in fact, not only a check, but an assistance in proving 
the accuracy of his vrork. 

2463. We now proceed to sffiimit to the student a series of examples, containing tho 
most common cases of sliadowing, and which, once well understood, will enable him to 
execute any other case that may be presented to his notice. 

2464. In /ip. 839. we have on the left-hand side of the diagram the common astragal 


fillet and cavetto occurring in the l ^ . 

Tuscan and otlxer pilasters, above in \ 
elevation and below in plan. The 
right-hand part shows the same con- * 
r.ected with a wall, whereon a shadow 
is cast by the several parts. LL is a 
line showing the direction of the light 
in projection at an angle of forty- five 
degrees. It will on experiment be 
found, by a continuation of the line, 
or by one parallel to it, to touch the 

side of the astiagal at a, whence an ^ hsd. ^ 

horizontal line drawn along it will 

determine its line of shade. We here again repeat, to prevent miaunderstauding, that 
in tlie matter we are now attempting to explain we not, dealing with reflected light, 
nor with the softening oft* of sliadows apparent in convex objects, but are about 
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^etermino the mere bounaaries of •hade ana thadom of thoae under consideration. The 
rest must be learned from observation, for the circumstances under which the^ are seen 
must constantly vary. This, however, we think, we may aafely state, that if the bound 
aries of shade and shadow only be accurately given in a drawing (however complex), 
the satisfaction they will afford to the roectator will be sufficient, without fbrther refine- 
ment. But it is not to be understood from this that we discountenance the reiine'^ 
ment of finish in architectural subjects ; all that we mean to say is, that it is not necessary 
To return to the diagram ; it is manifest that if the boundary of a/tade be at a from that 
point parallel to the direction of the light a line ab will determine the boundary of thadow 
on the fillet at b, and that from the lower edge of such fillet at f a line again parallel to 
the direction of the light will give at c the boundary of the shadow it casts upon the 
shaft S. As, in the foregoing explanation, a was the upper boundary of shade, so by pro- 
ducing the horizontal line which it gave to a on the right-hand side of the diagram we 
sbtain there a corresponding point whence a line aa' parallel to the direction of the light is 
to be drawn indefinitely ; and on the plan a line mu also parallel to the direction of the light, 
cutting the wall WW whereon the shadow is cast at a. From the point last found a vertical 
line from a, where the shadow cuts the wall on the plan, cutting aa' in a', will determine the 
point a' in the shadow. The point e, by a line therefrom parallel to the direction of the light, 
will determine similarly the situation e' by obtaining its relative seat on the diagonal cd, 
which perhaps will be at once seen by taking the extreme point d of the projection of the 
astragal, and therefrom drawing dd' parallel to the direction of the light. From the line 
diii drawn similarly parallel to the direction of the light, and cutting WW in d, we have the 
lioundary of the shadow on the plan, and from that point a vertical dd being drawn, the 
boundary of shadow of the extreme projection of the astragal is thus obtained. The 
Imundary of shadow of the fillet on the right-hand side at 6, similarly by means of bb^ 
and by the vertical l»b', gives the boundary point of the shadow from b. The same 
operation in respect of cc gives the boundary of shadow from c to c' in the latter point. 
We have not described this process in a strictly mathematical manner, because our desire 
is ratlier to lead the student to think fur himself a little in conducting it ; but we cannot 
suppose the matter will not be perfectly understood by him even on a simple inspection of 
the diagram. 

2465. In the diagram (/y. 840.) 

IS represented a moulding of com- 
mon occurrence in architectural sub- 
jects, and, as before, the ’right-hand 
side is the appearance of its shadow 
on the wall WW on the plan. It 
will be immediately seen that LL 
being the projected representation 
of the rays of light, the line aa de- 
termines the boundary of shadow 
on the ovolo, and that at b, the 
boundary of its shade, is also given 
by a line touching that point parallel 
to the rays, or rather projected rays, 
of light. On the right-hand side 
of the figure oo', driwn indefinitely 
parallel to the direction of the light, 

and determined by a vertical from a'\ the intersection by a"o" with the wall, will give o'a", 
the line of shadow of oa'. The line aa determines the shadow on the ovolo, and this 
continued to a! horizontally gives also a like termination to a" in the shadow ; b, the boun 
dary upwards of the ovolo’s shade, 
is represented to the right by b', and 
to the right on the plan by 5, whence 
by a vertical cutting the line bV' in 
b", the boundary of shadow which 
b" will cast is obtained, cc on the 
plan b in projection the dbtance 
of the line of shade c' from the 
wall whereon the shadow is cast, 
and its place in the shadow is at 
c", ce'li" being the length of hori- 
zontal shadow produced by the cir- 
cumstances. 

In Jiff, 841., which, it will be seen, 
is a common fillet and cavetto, LL 
is, ns before, the direction of the 
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light, and aa gives the bounoary of shadow, as widl of the 811et*a lower edge as of the 
lower edge of the cavetto itself. In respect of the right-hand side of the figure, a'a^ is a 
line showing in profile the extent of projection of the fillet before the wall line WW, and 
from a' a line drawn indefinitely parallel to the direction of the H^ti and terminated by 
the intersection of a vertical from a* in will give the point a' in the shadow. So is 
hb found through a vertical from b on the wall, by a line drawn parallel to the direction 
of the }i|fht from b on the plan. The several points being connected by lines, we gain the 
boundaries of the shadow, wherein a"a"" is represented by a'^a"^ 

2466. Ffff. 842. exhibits a fillet and cyma reverse or ogee, wherein, as before, LL is the 
direction of the light at a similar 
angle to that used on the plan. 

From the lower edge of the fillet, 
parallel to the direction of the 
light, is obtained the point a on 
the ogee, and from b a similarly 
parallel line gives the lioundary of 
shadow in c. A line from o in di- 
rection of the light? drawn indefi- 
nitely, intercepted by a vertical 
line from d', its projection on the 
plan in d determines o'd, the 
boundary of the shadow of the 
fillet on the wall WW. cc'" is 
the line of profile of the projeet- 
ing boundary in elevation, of the 
shade of the ogee before the wall, 
whereon its shadow is terminated 
from c and c'" by a vertical c'" c'" 
bb', the boundary of shade of the 
ogee itself, is found in shadow by the line bV" drawn indefinitely parallel to the direction 
of the light, and terminated by a vertical from the point on the wall correspondent to 
b on the plan, the place of the shade’s point in the elevation. By the junction of the 
lines so found, we shall have the outline of the shades and shadows cast. It is here to 
be ol)scrved, that the portion of light a'h" which the moulding retains is represented in 
the shadow by a"b"', all the other parts of its curved form being hidden, first by the pro- 
jeetion of the fillet, and secondly by the line of shade bb"', which acts in the same way as the 
fillet itself in producing the line aa', for the moment the light is intercepted, whether by 
a straight or curved profile, shadow must follow the shade of the moulding, whatever it 
be ; and this is by the student to be especially observed. 

2467. 843, exhibits the mode of obtaining the shadows and shade in the cyma 
recta. LL is the direction of the 
light, parallel whereto the line ab 
determines the line of horizon- 
tal shadow cast by the lower edge 
of the fillet upon the cyma, and 
ed that of the under part of the 
cyma itself upon the fillet at d« 
cc' is the upper boundary of the 
shade of the cyma, and e the point 
for determining the shadow of the 
lower fillet, the points abed corre- 
sponding with abed on the plan. 

WW on the right hand is the fiice 
of the wall, whereto the lines « V', 
d'd'\ e'e", b'b"f and a'a''«re drawn 
l^rallel to the direoiii^ of the 
light. From e''d’'e"b"a'' vertical 
being drawn, cutting the indefi^ 
mte lines oo', mV', &c. parallel 
to tlie direction of thp light in 
e", d"\ e'\ b", and a'', we have the 
form of the shadow in elevation. The part from b' to c' of the cyma being in light, its 
shadow will be the curve c'V^ wherein, if it be required on a large scale, anf nuiii4)er 
of points may be taken to determine its form by means of correspondent points on the plan 
as for the parts already described. 

2468. Ftp. 844. is the plan and elevation o£ aome steps^ surrottnded by a wall, and P in 
the plan Is a squarb pillar standing ip front of tiiem. It will be seen that the line AB 
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corresponds with ab on the plan, as do the points 
E, F, G, H with efgh, iirom which verticals deter- 
mine them in the elevation.^ The projection of the 
plinth on the lower step is found by KI and a 
corresponding line and vertical, which, to prevent 
confusion, is not shown on the plan. 'The shadow 
of the square pillar P is found in a similar manner 
by the line CD corresponding to cd on the plan, the 
shadows on the steps being also determined by the 
points Ijf M, N, O, through the medium of verticals 
from 1, m, n, o. The left-hand side of the shadow of 
the pillar is determined in a similar way by the 
line pq, and QR in the elevation is given by qr in 
the plan, and is the line representing the back ps 
of the top of the pillar. It will be observed that 
we have not described any of the preceding dia- 
grams in a strict way, neither shall we do so in 
those that follow, presuming that the reader has, 
from the perusal of the section on Descriptive Geo- 
metry acquired sufficient knowledge to follow the 
several lines. 

2469. The Jig. 845. is a sort of skeleton plan 
and elevation of a modillion cornice, but deprived 



Fig. HJ4. 
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of a corona, so as to show the shadows of the modillions, independent of any connection 
with other parts of the assemblage. FG, HI, and A 13 parallel to the direction of the light 
determine, by means of verticals from d and i, the points of shadows from the correspond- 
ent points c, 1, the points D, L, and I, whereof Jj is the point of shadow of M. 

2470. In Jig. 846. we approach a little nearer to the form of a modillion cornice. The 
line EF determines the shadow of the corona, and A 13 by means of the lines cd, Ik, and the 
verticals dD, kK, the boundary of the side HL of the modillions. A line also drawn 
horizontally from B will give the under sides of their shadow's. FG is a line representing 


the shadow of the corona. 

2471. Fig. 847. gives the finished modillion, and the lines Aa, Bb, Cc, Dd will deter- 
mine, by horizontal lines drawn from 

them, the shadows which we are seek- . ' ‘ 

ing. The auxiliary lines, to which no 
letters are attached, cannot fail of being X; 
understood ; but if difficulty arise in 
comprehending them, it will be removed 
by planning the several points, and 
thqrefrom drawing on the plan, to meet 
what may be called the frieze, vertical 
lines to intercept those from the corre- 
spondent points in the elevation, and the 
operation will be facilitated, perhaps, 
by projecting the form of the curved 
lines (os seen in the figure) whereof 
the modillkm U formed. 





£472. Fig, 848. wi(l scarcely require a description. It is a geometrical elevation of tl^ 
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Doric triglyph and frieze, with the usual acces- 
sories. AB gives the boundary of shadow on 
the femora of the triglyph, AC the boundary of 
shadow on the liglit sides of the glyphs, and AD 
of the shadow of the corona on the frieze. 



247S. Fig. 849. is a skeleton representation 
of a three-quarter colunm, forming part of an 

arcade. The abacus is the mere block of material AK. In the plan ab shows the 
length of the line of shadow AB, and is determined by the vertical bB. In the same way, 

CD is found by cd and tlie vertical dD. KG is | ^ 

the representation of kg on the plan, and by a T " TTIc Mk 

vertical from g the line GH is also determined; | I 

H giving also by the horizontaHine FH, in which i ([ ft 

H IS already found, the situation of shadow of the H I ^ 

point £ of the abacus, as also by a vertical from I LnaDB^ 

f« LMN are places of the shadow of the column 

on the impost moulding of the arch, whereof two || 

correspondent points are seen in 1 and n. WHhMHI 

2474. Tlie form of shadow of the console in || 

■fig. 850. will be seen on inspection to have been 4 

found from the lines aa, ec, dd, &c. on the eleva- * 

tion, corresponding with era, cc, dd^ &c. on the 
section, all which'are parallel to the direction of 
the light, and sufficiently explain themselves. 

2475. Fig. 851. is the elevation and section of ^ 

a hemispherical niche, wherein are shown the 

shadows cast thereon by the vertical wall in which 

it is placed. Through the v 

centre O draw DD at right | 

angles to the direction of the I 

light, and from O draw OA ^ i 
parallel to the direction of the f 
light : A will be found the point I 

in the wall casting the longest i i 
shadow. Produce AO indefi j! 

nitely ; and from a, the corre- j 
sponding point in the section if 

to A on the elevation, draw aa', j 
paiallel to it, which will cut I 
the surface of the niche in I 

Draw tlie horizontal line o' a" I 1 
cutting AO produced in a'^^ III 

and a^ will represent in the '1 

shadow the point A in the cir- 
cumfer^O^ Take any other Fiii.sAi. 

point B in the edge of the niche, and by means of a Una drawn there^om horizontally we 
have the correspondent point b of B in the section. From B draw in the direction of the ^ 




light the line Bb"' b", cutting DD on the diameter in b'^ ; transfer the point b"' in the 
elevation to & in the section* and draw bb^ in the direc^on of the Ugbt indefinitely. 
Then with Bb^'' as a radius from f> as a centre, describe ap ere ^tting bb' in b^ ; and 
f^om y draw the horssonta) line ly ly^ cutting Bb^^^ produced in l/^/and will be the 
point in the shadow corresponding to B in the elevation. To avedd the confusion 
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would follow the description of the remainder of the operation, we have not encum* 
bered the diagram with more letters of reference ; the lines showing, on inspection, 
similar applications of the process for all parts of the curve. &ct is, that the whole 

of the shadow may be completed by taking the line DD as the transverse axis of an 
fl||h)sis, and finding the semi>coi\jugate axis Oa by the means above described, for Da"D is 
^emi-cllipsis in form,lnasmuch as it is the projection of a section of a hemisphere. This 
example is applicable to the shadow of a cylindrical niche with a hemispherical head. The 
line NN shows the shadow of the portion of the head, and the remainder is obtained by 
the mere intersection of lines in the direction of the light from different points to the lefl 
of N, of which enou{^ has been already given in tlie previous examples to make the appli- 
cation intelligible. 

2476. 852. is the representation of a pediment wherein the section A is that o£ the 
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mouldings of the pediment at its 
apex. In the section, ah drawn 
from tiic projection a of the corona 
in the direction of the light, de- 
termines the point b therein, where- 
from the horizontal line intercepted 
by the line ab in the elevation, also 
drawn parallel to the direction of 
the light, gives the point b in the 
elevation. A line from b, parallel 
to the inclined sides of the pedi- 
ment on the left, will give the shadow 
of the corona on the tympanum on 
that side, and similarly the line of 
shadow from b on the right side, cd 
detennines the line of shadow on the 
frieze, and B is the section of the 
shadow of the assemblage of mould- 
ings on the right. 

2477. In 853. is given the 
plan, elevation, and section of a 
square recess, covered with- a cylin- 
drical head. Tlie lines A A, BB, 
CC of the elevation are determined 
by aa, bb, and cc of the plan ; xtid in 
the section cV is the repretentation of 
the line cc of the plan. D, the point 
at which the direction of the light 
benns to touch the circular bead, 
is d' in the section. 

2478. Fig. 854. is the elevation of 

an arch, below which is its plan and the 
shadow cast by it on the plane upon 
which it stands. AA is shown by 
oa on the plan, the eorres^oiidlng 
points in the rear of the arch "being 
a' a\ and the points in the 

diadow. In a dmilar way, by BB 
eorresponding with W on the plan 
tbo pobb IrF* are obtained in the 
sliadow. 

is the' plan and 
upper ff a 
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wherein the uppfsr atory is occupied 
by an attic in tlie centre, against 
which, on each flank, tlie sloping roof 
IS terminated, aa on the plm in 
the direction of the light, produced 
to intersect the hip at b, gives, by a 
vertical to B on the elevation, the 
direction BB of the shadow thereon ; 
and BB cut by A A in the direction 
of the light, the length BA of the 
line of shadow, which may, by let- 
ting fall the vertical Aa, determine 
the length aa on the plan. 'I'he 
line of shadow ac is determined by 
letting fall a vertical from C, where 
the line of shadow is intercepted 
by the hip of the roof ; and from c 
the shadow will be found on trial to 
return as shown in the diagram. £ 
and D on the elevation are found. 



FIk-sm. 


as seen in previous examples, in ee, and d on the plan, and their shadows at eV and d\ 
2480. What is called an attic base is given in plan and elevation by /p. 856. The xno. 


tbod of obtaining the shadows thereof 
in plan and elevation is now to be 
explained. It is an example which 
constantly occurs in architectural 
subjects, and should be well studied 
and understood. The operations re- 
quisite for obtaining a representation 
of the lines of shadow of the different 
mouldings 2n this cx^ple depend 
upon the principles developed in the 
preceding subsections. Hie lov'er 
portion of the figure exhibits the 
plan, and the middle portion the ele- 
vation of the attic base in question. 
The uppermost portion of it presents 
three sections of the mouldings of the 
base in question cut in three different 
places parallel to the direction of the 
light. This last portion of the figure 
is not absolutely necessary, inasmuch 
as the profiles in ({uestion might 
have been obtained upon the eleva- 
tion ; but we have preferred keeping 
it separate to prevent a confusion of 
subsidiary linos. There is moreover 
another advantage in thus separating 
the parts firom each other, namely, 
that of immediately and more dis- 
tinctly seeing the lines at each select- 
ed place, in which the rats of light 
separate the parts actually in light 
from these in shadow; and wtoe 



the student is likely to meet with Fig. 836. 

matters Of perplexity, notbihg should be left Untried to save bis time, and, wtmt b often 
more important, his patience. The mode to hO adopted b as follows : ■— 

Make on ^ plan any number of sections u'a'aV, b'bW in the direction of the ligfa^ and 
draw on the elevation the corresponding sections oaaa, bbhb,^ fX bein^ the diveetion of the 


ries of riiadc^ will be obtained, aa will also those of their shadows, by oon^iiing them 

from s»eh boundatiei iUl they out the other parUm each sMoq, ga will he more esiM|^ly 
seen at cc. It wUl W recoUeked that in irvtjnonUoa of the pi^eoted representation of 
the,U|ie of light and shadow we found that H was m a^ni^ of 54^ 44' of the diagonal 6f a 
c^dmy Tbb b set ouC^ hi ays on the plan. "Wo have therefore anotto modaof 

fotdiwtbe boimai^ of imd shadow oh the fisoukdng, 1% devebping the sections 
Ao^#ai Af B|,efid C» aad dmwbtg tangepis fa|04% convex motddhf^ for 
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iKNindoriiis of sliade thoreon, and ooBt\noing them, or oth«rwiiie^ fbf the ot||er jiorte, ^ 
ihown hi tlie dia^am. 

2481. In^. ft57.,'n^hidbiepFe8ents - 
tho capital of a cdumn, a similar me- 
thod is used4o that last mentioned for 
obtaining the shades and shadoars, by 
means of a'a'aV and Vb'b'b\ which ace 
shown on the elevation by aoos and 
hbhb* We apprehend this will be 
derstood by little more than inspee- 
tion of it 

It is obvious that the means hete 
adopted for obtaining the lines of 
sbedow are preobiely auntlar to those 
used in the preceding esample. In 
this, however, the sections of the ca- 
pital parallel to the dmeedon pf the 
light are made on the elevation, and 
it will be seen that many of them are 
not Required to obtain an accurate 
boundary of the lines of shadow 
sought ; for after having obtained 
those points from which the longest 
shadow ftdls. and on the other side 
those where the line of shadow com- 

mences, a curve line of an elliptical nature cminects the points found. If the drawing to 
be made be im a Urge scale, it may then be worth the arohitact*s while to increase tlie 
number of points wherefrom the shadow is to bo projected, so as to produce the greatest 
possible accuracy in the representation. 

2482. The shadows of an Ionic capital are given in ^ 858. The shadow of the toluta 
on the column is obtained by any number of lines AA, BB, CC, foe* from its different 




^ rig.s08. 

parts and eitrticals from their «iMEfiesponding ones oa, os, on fhe plan, and Umilarly 
the shadow of the capital on the w^. In ^dajeaiw^e. ^ lo those immediately preceding, 
the employment of eeetional linet J^ftlel to the direction of the li^bt isa^itn mamfest. 
The use them is most espeoiali^ seen hr the example of the Co^thUa capltsl which 
follows. At# general role, it ina;i^ be hidt»4 to the studenl of semm^y, that in the 
mikbs iSuf may occur, they win be pooil mq^editiffi|»y ami eUany imeed li^ the use 
of the aecdonal lines, irheraon we so much to'dllate, 

2483. Tha Corinthian ca p ital wiB re^ira Utda more than hupaetlep to 

understand the consUniction of ai^ ml that we think peaesiiiry tofdrtieo*' 

Jarise asa the developed pfq}ectinn« A, of ^ and Ifos leaves, whereon 

the termination of the shadaws |il angles ^ 44^ mmil&d In Jja, »$€., sdve their 

respeotim^thtanvthea}mr«^^ » * 

Tbmo is another melht^ arHving at IW kgre exldbito4 V 

liiiei paihUel to the diraothpijl^ ffe di|hteift partf wad leates 
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ea|nul on its eleviiton, as in jig. 857 » and such was the mode we were formerly in the liabit 
of adopting. It however induces adch a confusion of lines, that we baveVng since aban- 
doned it, and have no hesitation in recommending tlie process here given as the best and 
most likely to tiVoid confusion. It is of course unneoessairy, in making drawings, to project 
more than the klmdow of one capital* as in a portico, or elsewhere, similar capias, similarly 
exposed to the )%ht, will project mmilar shadows, aO that the projection on one serves for 
the projection on all of them. 

S464. Far instruction upon the mode in whudi reflected light acts upon 0bjects in shade 
and shadow, we must re£w the learner to the contemplation of similar ohjbcts in relief. 
I1ie varieties of reflexes are almost infinite ; and though general rules might be laid down, 
they would necessarily be so compUcited, that they would rather puzzle than instruct, and 
undier this head we iiacotiunend this study of nature, which will be found tlie best instructress 
the student can procure. 


8Bct.iy. 

otmuAi* raiHOXttxs of comsosmoN. 

£4flS. The end of architecture, without whose aid no other art can exist, is not merelj^ 
lo please the eye, but so to provide against the changes of the seasons as tc(,tw serviceable 
to man. Pleasure to the ^ may, homever, resOlt from the usefu^ e»il oomlnned wl|b the 
b^fifbl tnodifica^tons irheveoT It is susceptible. It is in oombining thus t^ the gemui 
or the alditteot Is exliibited. The art of dtaoorafing » #ell-propostloDed edl|ce is a very 
aeeondary and eomparaiivelfmasf part Of Mitworh, though re<|uii^g, 4f oouvlll ^ marly 
euItivO^ of li£| taste Ond an mtimatet acquaintance i^ith the fairlh; VhhfMKf tills may 
be tau^t and that aequiredt but thedbtptbuilon ttd 4Hrrim|^ent of tlie Iceeva} pbrtiohs 
on the plan, apoir wliiob eveihf aeeessory is dependent, great baowlqdge and 

eansideratle eifferienee. 'And tisMoris inveked not the fenesal convenience add 
effhet of the building, but what is of OMufli eensequ^iob to pa^ptietor, the co# of the 
work* 'Ncme but thofie praetichlil^ coD\^saat withfihe manning of a buildinf would 
hcHfiVh tbs mvtng that may b# lu o Aetd: jqp ps ap hl r jhttribuiioa* In thnUkse of many 
external breaks, Ihttinstanie* ^leb a ddb is l ipbpim ja the bmgth cl waUt en^mlUtg the 
ediflec^ srithout generally li^orrwot always when ths 

Ovation eoptes to Im adeplfd i»p tire masses, 

and de8tA>y^fdrifwaip|,^#pf mentieipd nheiely M m instance of 

■bnplioity of^#oiwius I 
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8486, All ornament In architecture is non-rasejitial, inasmuch as the pleasure received 
hr the eye is not its end. To public and private utilit^r, the welfare and comforts of indi- 
viduals. which are the ends of the art, eveiy other point must be aacriHced; and it is oJjr 
when these have been accomplisiied that we eft to think of decoration. An anecdote is 
related of a certain nohleinaii, who, havii^ boasted to a friend of the beauty of the facade 
of his house, which within was exoeeding^^ ill contrived, was told that he thouglit ths peer 
would do well to take the house opposite, that he niigh( bi thus always able to look at it 
ritose who make the interna] parts of an editice subservient to the project of a fa^aiie, 
and adjust their plan and eec^ion to the elevation, must be considered as making the 
end of less importance thap the ornament of the building. Those who work in this 
mude produce little variety in their designs, which, numerous though they be, consist 
of but few different combinations, whilst those that result from the natuial order of making 
the ih^ade subservient to the internal parts, which the plan and section Impose, are 
susceptible of infinite variety and decoratioo. 

2487. It is not, however, to be supposed that we are, in what has been said, sanctioning 
the student’s neglect of careful composition and adjustment of the facades. Upon the 
adaptation of the different fronts of the building to sort with the internal convenience, 
the greatest care should be bestowed. It is from these his reputation is likely to flow, be- 
cause they are the parts most susceptible of comprehension by the public. The architect will, 
upon every succeeding day’s experience, find that the two objects are not incompatible ; 
but if such a case, which is possible, arise, he had far better sacrifice the fumade, consider- 
ing first the comforts of those who are to inhabit the house, and then the gratification 
of those who are only to look at it. 

2488. I^uraud has well observed that compositions conducted on the above principles 
must please. “ Has not nature,” says that author, ** attached pleasure to the satisfaction of 
our wants, and are our most lively pleasures other than the satisfaction of our most press* 
ing wants ? These wants are better satisfied in the interior distribution of a building than 
in the exterior.” Who leaves the Pantheon without more satisfaction than he expected 
from the view of the portico, fine though it he? Again, faulty as are both St. Peter’s and 
St. Paul’s, will any one who understands the subject aver that he has received more plea- 
sure from their respective fa 9 nde 8 than from their noble interiors ? The pleasurable sensa- 
tions produced by both are entirely dependent on their interior distribution. But when we 
find that in the former of these buildings there is no mockery of a dome, the interior and 
exterior being as far dependent on each other as the circumstances of construction would 
))crmit, whilst the dome of the latter is worse than a mockery, the interior and exterior 
domes having nothiqg in common with each other, the last being no more than a timber 
leaded appurtenance to the fabric, W'ren, with all his greatness, for great he was, shrinks 
into nothingness by the side of Michael Angelo, although the external form of the dome oi 
London be more elegant than that of the Vatican. This is a strong but not a forced illus- 
tration of our opinions, the good sense whereof must be left for appreciation to our readers, 
who, we doubt not, on a little refiection, will concur with us. 

248 U. In ninety-nine cases out of a hundred the student will find that a good distribution 
of his plan leads him, with anything like ordinary tact, to the composition of good«ections 
and good elevations, far better, indeed, than he could arrive at by pursuing an oiiposite 
course. In domestic Gothic architecture, this is notorious, for in that a regular distribu- 
tion of the openings would often produce the tamest and least picturesque effect. The 
Gothic architects placed windows internally where only they would be serviceable, letting 
them take their chance in the exterior. It is not to be understood, because such would lie 
rather outri^ that this method will exactly suit the principles of composition in Italian archi- 
tecture ; but it is well known to practiciu men that a required opening in a particular place, 
instead of being a blemish, may lie converted on many occasions into a beauty. Indeed, it 
Is incontrovertibly true that distribution and disposition are the first objects that should 
^engage the architect’s attention, even of him whose great aim is to strike the attention by. 
ornament, which can never please unless its source can be traced to the most convenient 
and economical distribution of the leading par;^ Theorists may be laughed at, but it does 
not move us, nor diminish our regret to see nuipy architects without any other tlieory than 
that whereon, in an inverted position, their own wild fancies are giafted* If what we have 
stated be true, and from the nature of things we cannot imagine a controversy can arise 
upon our observations, the talent of the architect is .to be eatimated, as Durand properly 
observes, according to his solution of the two folloaung problems:-— 

Fiiet For a given sum, as in private buildings, to erect the moet convenient and suit-t 
aldft house for his employer, 

Secotid. Ilie reqi^tvs in a building being given, as in public buildings, to exact it at 
the smallest possible expense. 

2490* An investigation of all the modes of eecomplishing these desiderata oen only b| 
fully efifketed in a work of much larger extent than this; but we have, in tlie practical 
parts of our volume, so prepay the rekd(^» tl»t be will not generally be at a lota in rotipeet 
of the construction of a building, whatew its nature or (testination 
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DJlAWlVaS NECEtSART IK OOMPOSITIOK. 

2490a. For the thorough comprehension of a projected edifice, at^eaat three drawings 
Are necessary, the plan^ the and the elevation. The first is a horiiontal section of it, 

the second the vertical sectkm, which shows the building as if it were out in half, that hell 
nearest the spectator being removed from its plan, so as to permit the inner parts to become 
visible, and the third is the geometrical appearance of the front represented as if viewed 
from an infinite distance, in which no conxergence of the line^ would be seen. 

2490*. In making a design, it is always better to put 
the general idea together on a single sheet of paper, and f 

consequently, in most cases, on a small scale. This, c a ^ a I . 

in afterwards making the drawings, is, as may be ne- f ^ I 

cessary, increased in sise. The three parts being drawn | | j 

under one another, as shown in Jiff. 895a., wherein the i ! ■ 

middle diagram is the plan, the lower one the section, ^ — ! j — j — t j-f- 

and the upper one the elevation. By thus beginning on j 1 1 I ; ; 

a single sheet, in which the whole is before the eye, the ! _4 I 1 

corresponding lines are more readily transferred firom j | } 

one part to another. Having drawn through the middle | I I I | 

of the paper the vertical A A, cut at right angles by 1 1 1 

the horizontal line BB, draw the required centres or I 

axes of the walls CC and DD, and supposing the build- - — j j 

ing i.s to be square, with the same opening of the com- “ — — 

passes set out the axes of the return walls EE and r. ^ j 4 ^ 

FF. Having determined the thickness of the walls, | 

one half may be set out on each side the axes, as in ^ 

ect ff, CC, and dd, and then the lines showing the thick- ^"'■H|||||||P ^ 

nesses of the walls may be drawn. The width of 
openings in the walls may be next set out, half on each 

side the axes BB and A A, first drawn tow’ards 66 and rn^ 

aa, and the lines drawn to their places. Having thus B-i-l J -j-l - B 

proceeded, we shall discover that not only has the plan ^ 
been drawn, but at the same time a considerable portion ■■ 

of tlie section and elevation. To distinguish the voids H 

from the solids, the latter should be coloured or Wl ^ 

hatched, and then the next step will be as follows: — 

Farallel to the principal axis BB, draw the ground lines d * * 

(JG and GG. From these lines the heights of the | — | j i ! 

building, its cornice and openings, may be set up in the I I j j j 

section and elevation ; and afterwards, the height of the j | | 

roof and projection of the cornice having been de- 
termined, they may be set out and drawn. In the 

section, as in the plan, it is usual either to colour or ^9 

fiatch the solid parts, as we have done in the figure. HI HB 

2490c. Simple as the above process may be, it contains ; 

the whole elementary part of the mechanical process I 

necessary for making a design. |t might have been j 

conducted on a more complicated iii(|is, but had we done I 

so, it would not have been so well Understood, and we ! 

therefore deprecate any observations on the simpleness 
of our process by those who have been brought to know 

these things by practice and experience. We do not, ^ 

however, feel we should discharge our duty before r | # { ^ / 1 / 

elosing this section, without a censure on the attempt g ) ^ 

to convent drawings of ffeometrical elevations and sec- 

tions into picturesque representatimis, because such g*M9a. 

practice is not only injurious to the art, but is dishonest, and has a tendency to mislead 

the arohite6t*s employer ; and we are sorry to say that k is not mifrequently done with 

such a view. We denounce it, and without hesitation aver that''^^ casting of tfbadows 

on a design is only admissible for the purpose of showing the relative depths of projecting 

parts ; ai^ when so admitted, the tDediuqs should be confined to Indian ink or Mpia, and 

thrown in morely in masses, the apertures being Just slightly filled in with the ianii 

8 H 2 
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WORiriNO DRAWINGS. 

249^. Working drawings are those made of the parts at larg^ for executing the works, 
which could not be well done from drawings on a small scale, wherein the small parts 
would not be either sufficiently defined, or could not be figured so as to enable the work- 
man to set out his work with accuracy. They are generally in outline, except tiie sectional 
parts, which are frequently tinted to bring the profiles more readily before the eye. 

2491a. It is obvious that though drawings made to a twelfth or a twcnty>fourth part of 
their real sixe may well enougli supply the wants of the workman where there is no 
complication in the distribution and arrangement, and where there it a simple treatment 
of regular forms, of right angles and the like ; yet in all cases wherein we have to 
deal with the minor details of architecture, and in construction, where the variety of forms 
used is infinite from the variety of the circumstances, noth! g short of drawings of the 
full, or at the least of half, the size will safely guide the workman. 

2491&. The art of making working drawings, which ntust have been well understood at 
all periods of the practice of architecture, involves a thorougii knowledge of projection, oi 
descriptive geometry, and consists in expressing by lines all that occurs for the dexelop- 
ment of ever}' part of the details of a building, in plan, elevation, and piofile, each part 
being placed for the use of the workman with clearness and precision. All the rules by 
which working drawings are wrougiit are dependent on the matter in this work already 
communicated to the reader, excepting only those details of the otders, and some other 
matters, which will be found in I^ook III. But we shall here, nevertheless, briefly replace 
before him the leading principles whereon working drawings are to be prepared. And 
first, he is to recollect that solids are only represented by the faces opposite to the eye ; 
secondly, tliat the surfaces by which solids are enclosed are of two sorts, that is, rictilinear 
or curvilinear. Those bodies in which these properties are combined may be divided into 
three sorts: 1. Those which are bounded by plane surfaces, such as prisms, pyramids, and 
generally all straight work. 2. Those in which there is a mixture of stiaight and curved 
lines, as cylinders, cones, or portions of them, voussoirs of vaulting, and the like ; and 5. 
Tliose solids wherein a double flexure occurs, as in the sphere, spheroid, and in many 
cases of voussoirs. 

2491c. We should, however, unnecessarily use our limited space by further entering on 
these matters, on which enough has been said in previous sections. The plain truth is, that 
working drawings are to be so made for the use of the artificer as to embody on a scale, to 
prevent any mistake, all the information which this work has already given on construction, 
and that which follows in the more refined view of architecture as a fine art. 

2A9ld, In works whose magnitude is not of the first class, the drawing of every part, 
both in construction and in those which involve the work as one of art, should be given 
of the full size whereof it is proposed to be executed. Where the building is large, 
as also the parts, this may be dispensed with ; but then it becomes (the detail being 
drawn on a smaller but fully intelligible scale) the duty of the architect to see that the 
drawings he furnishes are faithfully drawn out to the full size by the artificer on proper 
moulds. Often it is useful — never, indeed, otherwise — to ojfer wp, as it is called, small 
poitions of mouldings on the diflferent parts of a building, to ascertain what the effect may 
be likely to be at the heights fixed for their real places. In these matters he should leave 
no means untried to satisfy himself of the effect which his first drawings tn small is likely to 
produce when executed. 

2491 e. We have presumed that the architect is so far educated as to have acquired a 
full knowledge of all that rules can teach, and that, strictly speaking, he has proportioned 
his work in conformity with them. Still, in real practice, there are constantly so many 
circumstances which concur in making it almost necessary to depart from established 
rules, such as surrounding buildings, where it is of importance to give predominance to a 
part for the purpose of making it a feature, that the expedient of trying a portion of the 
proposed detail in the place it is actually to occupy, is a matter that we would advise every 
architect to adopt after he has made and studied the working drawings whereof we treat. 

2491/. We have not alluded to the matters of carpentry and joinery, in which it is often 
necessary to give the artificer information by means of working drawings ; but the methods 
of trussing in carpentry, and of framing in joinery, often require working drawings. What 
has already been exhibited under those heads (2031, si stq.) will prevent his being left 
Uninstructed, and will, moreover, have afforded such information as to prepare him, by the 
exercise of bis own ingenuity, for such cases as may not have been specially given in the 
examples herein contained. We therefore here close our observations under this seotion 
by an intimation to the student, that the proper preparation of working draedngs for the 
use of the artificer tests his acquaintance with the theory and practice of the art, and is 
of the utmost importance to the pocket of the employer, which it is his duty as a gen^temMi 
inoeiisntly to protect. ' ‘ 
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BEAUTY IN ARCHITECTURE. 

21.9^2. Ths existence of architecture as a fine art is dependent on expression, or the 
faculty of representing?, by means of lines, words, or other media, the inventions which the 
architect conceives suitable to the end proposed. That end is twofold ; to be useful, and 
to connect the use with a pleasurable sensation in the spectator of the invention. In 
eloquence and poetry the end is to instruct, and such is the object of the higher and histo- 
rical classes of painting ; but architecture, though the elder of the arts, cannot claim the 
rank due to painting and poetry, albeit its end is so much more useful and necessary to 
mankind. In the-scicnces the end is utility and instruction, but in them the latter is not 
of that high moral importance, however useful, which allows them for a moment to come 
into competition with the great arts of painting, poetry, and eloquence. It will be seen 
that we here make no allusion to the lower branches of portrait and landscape painting, 
but to that great moral and religious end which fired the mind of Michael Angelo in the 
Sistine Chapel, and of Raffaelle Sanzio in the Stanze of the Vatican and in the Cartoons. 
Above the lower branches of painting just mentioned, the art whereof we treat occupies 
an exalted station. In it though the chief end is to produce an useful result, yet the ex- 
pression on which it depends, in common with the other great arts, brings each within the 
scope of those laws which govern generally the fine arts whose object is beauty. Beauty, 
whatever difference of opinion may exist on the means necessary to produce it, is by all 
admitted to be the result of every perfection whereof an object is susceptible, such perfec- 
tions being altogether dependent on the agreeable proportions subsistent between the 
several parts, and those between the several parts and the whole. The power or faculty of 
inventing is called genius. By it the mind is capable of conceiving and of expressing its 
conceptions. Taste, which is capable of being acquired, is the natural sensation of a mind 
refined by art. It guides genius in discerning, embracing, and producing beauty. Here 
we may for a moment pause to inquire what may be considered a standard of taste, and 
that cannot be better done than in the words used on the subject by Hume (Essay xxiii. ): 
** The great variety of tastes,” says that author, “ as well as of opinion, which prevails in the 
world, is too obvious not to have fallen under every one’s observation. Men of the most 
confined knowledge are able to remark a difference of taste in the narrow circle of their 
acquaintance, even where the persons have been educated under the same government and 
have early imbibed the same prejudices. But those who can enlarge their view to con- 
template distant nations and remote ages are still more surprised at the great inconsistence 
and contrariety. We are, apt to call barbarous whatever departs widely firora our own 
taste and apprehension, but soon find the epithet of reproach retorted on us, and the 
highest arrogance and self-conceit is at last startled on observing an equal assurance on all 
■ides, and scruples, amidst such a contest of sentiment, to pronoupce positively in its own 
fovour.** True as are the observations of this philosopher in respect of a standard of taste, 
we shall nevertheless attempt to guide the reader to some notion of a standard of taste in 
arohitecture. • 

2493. There has lately grown into use in the arts a silly pedan|ie term under the name of 
iEsthetios, founded on the Greek word *Aiar0rrruehs, one which means having the power of 
perception by- means of the senses ; said to be the science whereby the first principles in all 
the arts are ^ived, from the efibet which certain combinations have on the mind as con 
«eeted with nature and reason : it is, however, one of the metaphysical and useless addkioos 
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to nomenclature in the arts, in irhich the German writers abound, and in its application to 
architecture of least value ; because in that art form is from construction so limited by 
necessity, that sentiment can scarcely be said to be further connected with the art than ii 
necessary for keeping the subordinate parts of the same character as the greater ones under 
which they are combined ; and, further, for thereby avoiding incongruities. 

249^. It is well known that all art in relation to nature is subject to those laws by which 
nature herself is governed, and if we were certain that those rules of art which resulted 
from reason were necessarily and actually connected with sensation, there would be uc 
difficulty in framing a code of laws whereon the principles of any art might be firmly 
founded. “ Principles in art,” as well defined by Payne Knight, “ are no other than the 
trains of ideas which arise in the mind of the artist out of a Just and adequate consider- 
ation of all those local, temporary, or accidental circumstances upon which their propriety 
or impropriety, their congruity or incongruity, wholly depend.” By way of illustrating 
the observation just made, we will merely allude to that maxim in architecture which 
inculcates the propriety of placing openings over openings and piers over piers, disallowing, 
in other words, the placing a pier over an opening without the exhibition of such pre- 
paration below as shall satiufy the mind that security has been consulted. Tliere can be 
no doubt that a departure from the maxim creates an unpleasant sensation in the mind, 
which would seem to be immediately and intimately connected with the laws of reason ; 
but there is great difficulty in satisfying one’s self of the precise manner in which this 
operates on the mind, without a recurrence to the primitive types in architecture, and 
thence pursuing the inquiry. But in the other arts the types are found in nature herself, 
and hence in them no difficulty occurs in the establishment of laws, because we have that 
same nature whereto reference may be made. We shall have to return to this subject in 
the section on the Orders of Architecture, to which we must refer the reader, instead of 
purstiiiig the subject here. 

2495. llrroughout nature beauty seems to follow the adoption of forms suitable to the 
expression of the end. In the human form there is no part, considered in respect to the 
end for which it was formed by the great Creator, that in the eye of the artist, or rather, 
in this case the better judge, the anatomist, is not admirably calculated for the function it 
has to discharge ; and wltliout the accurate representation of those parts in discharge of 
their several functions, no artist by means of mere expression, in the ordinary meaning of 
that word, can hope for celebrity. This arises from an inadequate representation having 
the appearance of incompetency to discharge the given functions ; or, in other words, they 
appear unfit to answer the end. 

2496’. We are thus led to the consideration of Jitnessy which, after all, will be found to be 
the basis of all proportion^ if not proportion itself. Alison, in his Esmy on Tante^ says, 
“ I apprehend that the beauty of proportion in forms is to be ascribed to this cause,” 
(fitness) “and that certain proportions affect us with the emotion of l)eauty, not from any 
original capacity in such qualities to excite this emotion, but from their being expressive 
to us of the fitness of the parts to the end designed.” Hogarth, who well understood the 
subject, concurs with Alison in considering that the emotion of pleasure which proportion 
affords does not resemble the pleasure of sensation, but rather that feeling of satisfaction 
arising from means properly adapted to their end. In his Analysis of Beauty that great 
painter places the question in its liest and truest light, when, speaking of chairs and tables, 
or other common objects of furniture, he considers them merely as fitted from their pro- 
portions to the end they have to serve. In the same manner, says Alison, “the effect of 
dispro))urtion seems to me .to bear no resemblance to that immediate painful sensation 
which we feel from any disagreeable sound or smell, but to resemble that kind of dissatis- 
faction which we feel when means are unHtted to their end. Thus the disproportion of a 
ciiair or table does not affect us with a simple sensation of pain, but with a very observ- 
able emotion of dissatisfaction or discontent, from the unsuitablcness of their construction 
ft)r the purposes the objects are intended to serve. Of the truth of this every man must 
judge from his own experience.” We cannot refrain from continuing our extracts from 
this most intelligent author. “ The habit,” he says, “ which we have in a great many 
familiar cases of immediately conceiving this fitness from the mere appearance of the form, 
Icfuls us to imagine, as it is expressed in common language, that we determine proportion by 
the eye, and this quality of fitness is so immediately expressed by the material form, that we 
are ^Misihle of little di^erence between such judgments and a mere determination of sense; 
yet er/ery man must liave observed that in those cases where either the object is not 
familiar to us or the construction intricate our judgment is by no means speedy, and tliat 
we never discover the proportion until we previously discover the principle of the machine 
or the means by which the end is produced.” 

2497. The nature of the terms in which we converse shows the dependence of proportion 
on fitness, for it is the sign of the <]uality. The natural answer of a person ask^ why the 
proportion of any building or machine pleased him, would be, because the ohjeot by such 
proportion was fit or proper for its end. Indeed, proportion is but a synpayine of f}t|ieNa« 



Chat. L * 


BEAUTY IN ARCHITECTURE.' 


839 . 


tor if the form be well contrived, and the several parts be properly adjusted to their end, 
we immediately express our opinion that it is well proportioned. 

2498. There is, however, between proportion and fitness, a distinction drawn by our 
author, which must l>e noticed. ** Fitness expresses the relation of the whole of the meant 
to the 6 nd ; proportion, the proper relation of a part or parts to their end.” But the dis- 
tinction is too refined to be of importance in our consideration ; for the due proportion of 
parts is simply that particular form and dimension which from experience bA* Jbeen found 
best suited to the object in view. « Proportion,” therefore continues Alison, “ is to bo 
considered as applicable only to forms composed of parts, and to express the relation of 
propriety between any part or parts and the end they are destined to serve.” 

2499. Forms are susceptible of many divisions, and consequently proportions ; but these 
are only subordinate to the great end of the whole. Thus, for instance, in the constantly 
varying forms of fashion, say in a chair or table, the merely ornamental parts may bear no 
relation to the general fitness of the form, but they must be so contrived as to avoid 
unpleasant sensation, and not to interfere with the general fitness. If we do not under- 
stand the nature of its fitness, we cannot judge of the proportion properly. “ No man,” 
says Alison, “ ever presumes to speak of the proportions of a machine of the use of which 
he is ignorant.” When, however, we become acquainted with the use or purpose of n 
particular class of forms, we at the same time acquire a knowledge which brings under our 
view and acquaintance a larger circle of agreeable proportions than the rest of the world 
understand; and those parts which by others are legarded with indifference, we contem- 
plate with pleasure, from our superior knowledge of their fitness for the end designed. 
The proportions of an object must not in strength be carried beyond what 
is required for fitness, for in that case they will degenerate into clumsiness 
whilst elegance, on the contrary, is the result of the nicest adjustment of 
proportion. 

2500. Fitness cannot exist in any architectural object without etjuilihrium 
in all the parts as well as the whole. The most complete and pcrfi ct notion 
that can be conceived of stahihti/^ which is the result of equilibrium, may 
be derived from the contemplation of an horizontal straight line ; whilst, 
on the contrary, of instability nothing seems more expressive than a vertical 
straight line. These being, then, assumed as the extremes of stability and 
instability, by carrying out the gradations between the two extremes, we 
may, extending in two parts the vertical line, obtain various forms, more or 
less expressive of stability as they approach or recede from the horizontal 
line. In 860. we have, standing on the same base, the general form of 
the lofty Gothic spire ; the pleasing, solid, and enduring form of the Egyptian 
pyramid; and that of the flat Grecian pediment; which last, though in its 
inclination adjusted on different grounds, which have been examined in 
Book II Chap. III. subsect. 2027, €<# 67 ., is an eminent instance of stability. fik. sso. 

The spire, from its height and small base, seems to possess but a tottering equilibrium 
compared with the others. 

2501. Stability is obviously dependent on the laws of gravitation, on which, under the 
division of statics, not only the architect, but the painter and sculptor, should bestow consi- 
derable attention. We cannot for a moment suppose it will l>e disputed that at least one 
of the causes of the beauty of the pyramid is a satisfactory impression on the mind of the 
state of rest or stability it possesses. Rest, repose, stability, balance, all meaning nearly 
the same thing, are then the very essential ingredients in fitness; and therefore, in architec- 
tural subjects instability, or the appearance of it, is fatal to beauty. Illustrations of this 
exist in the famous Asinelli and Garisendi towers at Bologna, and at Pisa in the cele> 
brated leaning Campanile. 

2502. It may be objected to what we have written, that fitness alone will not account 
for the pleasure which arises in the contemplation of what are called the orders of arebi- 
tecture, and Alison seems very much to doubt whether there be not some other cause ot 
beauty. It will, however, be our business to show how the ancients their inventors, con- 
sidered principally their fitness ; and upon these grounds to show, moreover, how the 
proportions in ancient examples varied, and may be still further varied, without infringing 
upon the principles which guided them in the original invention. Payne Knight has well 
observed, ” that the fundamental error of imitators in all the arts is that they servilely 
copy the eflPects which they see produced, instead of supplying and adopting the principles 
which guided the original artists in producing them ; wherefore they disregard all those 
local, temporary, or accidental ctreumstonoes upon which their propriety or impropriety, 
their congruity or incongruity, wholly depend.” ** Grecian temples, Gothic abbeys, and 
Cmdal castles were all wdl adapted to their respective uses, circumstances, and situations ; 
the distribution of the parts subservient to the purposes of the whole ; and the ornaments 
and decorations suited to the character of the parts, and to the manners, habits, and ein- 
^pteyments of the persons who #ere to occupy : but the house of an Englisl^ nolde* 
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inan of tne 1 8t1i Of 1 9th century is neither a Grecian temple, a Gothic abbey, nor a 
feudal castle ; and if the style of distribution or decoration of either be employed in 
it, such changes and niorUficatir«ns should bo admitted as may adapt it to existing circum- 
stances, otherwise the S'.ale of its exactitude becomes that of its incongruity, and the de- 
viation from principle proportioned to the fidelity of imitation.** This is but anothei 
application of the principle of fitness which we have above considered, the chief foundation 
of beauty in the art. We have shown how it is dependent on stability as a main source of 
fitness, and here subjoin some maxims which will lead the student to fitness in his designs, 
and prevent him from running astray, if he but bring himself to the belief that they are 
reasonable, and founded upon incontestable grounds, which we can assure him they are. 

First Let that which is the stronger part always bear the weaker. 

Second. Let solidity be always real, and not brought to appear so by artifice. 

'I'hird. Let nothing be intre^uced into a composition whose presence is not justified b^ 
necessity. 

Fourth. Let unity and variety be so used as not to destroy each other. 

Fifth. liCt nothing be introduced that is not subordinate to the whole. 

Sixth. Let symmetry and regularity so reign as to combine with order and solidity. 

Seventh. Let the proportions be of the simplest sort. 

Eighth. Let him recollect that nothing is beautiful which has not some good and 
useful end. 

If, after having made his design, he will scrupulously test it by these maxims serto/tm, 
and will strike out what is discordant with the tenor of them, he will have overcome 
a few of the difhciilties which attend the commencement of his career. 

2503. We are not of the same opinion with those who, on a geometrical elevation of a 
building, draw lines from its apex, which, bounding the principal parts of the outline, find 
a pyramidal form, and thence infer beauty of general outline If those who favour such a 
notion will but reflect for a moment, they must see that this cannot be a test of its effect, 
inasmuch as the construction of a geometrical elevation of any edifice supposes it to bo 
viewed at an infinite distance, whereas, in fact, it is most generally viewed under angles 
wliich would puzzle the most learned architect, without full investigation, to discover the 
])riinary lines which they assume to be the causes of its beauty. The obscurations and 
foreshortenings that take place are at points of view near the building itself ; and, however 
judicious it may be to form the general masses in obedience to such a system, so as to pro- 
duce an effect in the distance that may be in accorcUnce with the principle, it would be 
extremely dangerous to lay the principle down as a law. The finest view of St. Paul's is 
))erhaps a little east of Fetter Lane, on the northern side of Fleet Street ; but it would 
))uzzle any one to discover its pyramidal form from that point of view. 

2504. The Injauty of the proportions of architecture in the interiors of buildings is 
dependent on those which govern the exteriors. Much has been said on proportions of 
rooms, w)(||ich, hereafter, we shall have to notice ; we mean the proportions of their length 
to their breadth and height. That these are important, we cannot deny ; but whether the 
beauty of a room is altogether dependent on the due adjustment of these, we have some 
doubts ; that is, under certain limits. We here address ourselves more particularly to that 
fitness which, in ornamenting a ceiling, for example, requires that the beams which appear 
below the general surface should invariably fall over piers, and tlmt in this respect cor- 
responding sides should be uniform. In the study of this point, Inigo Jones is the great 
English master who has left the student the most valuable examples of this branch of 
the art. 

2505. It may, perhaps, be useful to observe generally that the bare proportions of the 

interiors of apartments depend on the purposes for which they are intended, and according 
.o these we seek immediately for the expression of their fitness. This point, therefore, 
involves on the part of the architect so general an acquaintance with the most refined 
habits of his employers, that we should be almost inclined to agree with Vitruvius on the 
multifarious qualifications necessary to constitute a good one. Certain it is tlia| ob 
instructions he can receive for building a mansion will qualify him witlumt an intiittal^ 
acquaintance with the habits of the upper classes of society- ^ 

2506. We have already stated that it is hopeless to arrive at a fixed standard of t|Wte. 
That considered worthy of the appellation will not be so considered in another, “ Iw ; 
»ttble Africans,” says Knight, quoting fix>m Mungo Park, “ view with pity and contemfii^ ^ 
the marked deformity of the Europeans, whose mouths are compressed, their noses pinchem ' 
their cheeks shrunk, their hair rendered lank and flimsy, their bodies lengthened 
emaciated, and their skins unnaturally bleached by shade and seclusion, and the bam^M ^ 

^ influence of a humid climate.** In the countries of Europe, where some similarity of tas^ ' 
^v be expected, tlie tyranny of fashion, no less than that of habit and circumstance, 

|ipd always will have, its influence on the arts. Within the short apace of even a iitif j 
|vibnths we have seen what is called the renaiamnc§ style of architecture imported fironit, ^ ’ 
, • France, drawing mto ito vortex all -classes of persona, many of them among the ^ 
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ttink% |K>«eM6d of ^UG&tioA to have patronised better taste ; and in archiu\:ture, and some 
Other arts, no one lolves the question of what is really right b^r saying that there have been 
errors in the tastes of different ages. 

2507. The specimens of Greek sculpture, whose beauty is founded in nature herself, 
will throughout all time excite the admiration of the world; because in this case, the 
standard or type being nature, mankind generally may be supposed to be competent judges 
of the productions of the art But it is very different in architecture, whose types in 
every style are, as respects their origin, uncertain ; and when we are asked whether there 
be a real and permanent principle of beauty in the art, though we must immediately reply 
in tile affirmative, we are at the same time constrained to r^er it to the quality of Btness. 
If this were not the case, how could we extend our admiration to the various styles of 
Egyptian, Grecian, Roman, Gothic, and Italian architecture ? These at first appear, com- 
pared with each other, so dissimilar, that it seems impossible to assign beauty to one without 
denying it to the rest. But on examination each will be found so fitted to its end, that 
such cause alone will be found to be the principal source of the pleasure that an ydueated 
mind receives from each style ; and that thence it arises, rather than from any certain or 
definable combinations of forms, lines, or colours that are in themselves gratifying to the 
mind or agreeable to the organs of sensation. If this be true, what becomes of tlie doctrine 
of the German aisthetical school, so vaunted of by self-constituted critics and reviewers, 
who pass their judgment ex ca'hedrd on works they have never seen, and, strange to say, 
are tolerated for a moment by the public? The truth is, the public rarely give themselves 
the trouble to judge ; and unless led, which is easily done by the few, do not undertake the 
trouble of judging for themselves. 'That the Egyptian pyramid, the Grecian and the 
Roman temple, the early Christian basilica, the Gothic cathedral, the Florentine palace, 
the Saracenic mosque, the pagoda of the East, arc all beautiful objects, we apprehend none 
will dispute ; but there is in none of them a common form or standard by which we can 
judge of their beauty : the only standard on which we can fall back is the great fitness of 
them, under their several circumstances, for the end proposed in their erection. 

2508. We are thus unavoidably driven to the conclusion that beauty in its application 
to architecture changes the meaning of the word with every change of its application ; for 
those forms which in one style are strictly beautiful on account of their fitness, applied to 
another become disgusting and absurd. By way of illustrating thb, let us only picture to 
ourselves a frieze of Grecian triglyphs separating the nave and clerestory of a Gothic 
cathedral. From what we have been taught to consider the type of tbe Doric frieze con- 
nected with its triglyphs an idea of fitness immediately arises in the mind ; but we cannot 
trace its fitness in a dissimilar situation, neither can we comment on such an incongruity 
better than in the oft-quoted lines of Horace ; — 

Humano capiti cervicpin pfetor equinnm 
Jiingpre si velit, et varias inducere pluinas 
Undlque cotlatis meratiris, ut turpiter atrura 
Dfslnet in pisoem mulier formosa supernfe ; 

SpGCtatum admissi risum teneatis amici ? *’ 

The influence of circumstances in every age has imparted to each style of architecture its 
peculiar beauty and interest ; and until some extraordinary convulsion in society give the 
impetus to a new one, we are constrained to follow systems which deprive us of other 
novelty than those of changes which are within the spirit of the universally established 
laws ^ llMi art. Turn to the Gothic churches of the present day, — the little pets of the 
churdlripommissioners and clergy. What objects of ineffable contempt the best of them 
are ! Tbe fact is, the religious circumstances of the country have so changed that they are 
wholly unsuitable in style to the Protestant worship. Had, with the scanty means afforded 
to the architects, such a model as St. Paul’s, Covent Garden, been adopted, we might have 
•een a number of edifices in the country, though 

** Faciei non omnibus una 
Nec diversa tameu,’* 

that might have been an honour to the age in which we live, and suitable to the cireum^ 
stances of the times. ^ . * . . ' ^ 

* 2509. Unity and harmony in a work necessarily enter into that which is beautiftil ; and 
ft will not therefore require any argument to show that from a mixture of styles in any 
Imllding incongruity and unfitness, and consequently a want of unity and harmony, must 
' be the result. Hence we cannot agree with those wise reviewers who advocate the pos- 
' aibility of amalgamating the arch with the severe Grecian style. We leave them to their 
^i^dreams, and trust that before we give them credence we may have some proof of their 
* practi^ power in this respect. 

2510. Symmetry is that quality which, as its name imports, from one part of an assejoi- 
blage of parts enables us to arrive at a knowledge of the whole. It is a subordinate, but 
ncvertbelesa a necessary, ingredient in beauty. ^ It is necessary that parts perfbnning the 
iuaie office m a building should be strictljr similar, ^or they would not ex w iimami be 
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tymmetrical ; no. when relations are strictly established between certain parts, making one 
thie measure of another, a disregard of the symmetry thus induced cannot fail of destroying 
beauty. But here again we have to say, that for want of attention to the similarity of the 
parts, or neglect of the established relations on which the whole is founded, they have lost 
their symmetry, and have thus become unjit for their purpose ; so that thus again we return 
tu fitness as the main foundation of beauty. 

2.5 1 1 . Colour abstractedly considered has little to do with architectural beauty, which it 
founded, as is sculpture, on fine form. We are here speaking generally, and are not inclined 
to assert that the colour of a building in a landscape is unimportant to the general efiect o1 
that landscape, or that the colours used on the walls of the interior of a building are 
unessential considerations ; but we do not hesitate to say that they are of minor consequence 
in relation to our art. We believe It would be difficult to paint (we mean not in the 
sense of the artist) the interior of the banqueting room at Whitehall, were it restored to 
its original destination, and divested of the ruinous accessories which from its original pur- 
pose have turned it from a banqueting room into a chapel,— we believe, we say, that it would 
be difficult to paint it so as to destroy its internal beauty. But as we intend to be short 
under this head, we shall quote a brochure touching on this subject published by us in 1837. 

2512. One of the beauties tending to give effect to the edifices of Greece has been, on 
the testimony of almost all travellers, the colour of the materials whereof they are com- 
posed. Dr. Clarke observes that a warm ochreous tint is diffused over all the buildings of 
the Acropolis, which Ae says is peculiar to the ruins of Athens. “ Perhaps,” says the 
author. “ to this warm colour, so remarkably characterising the remains of ancient buildings 
at Athens, Plutarch alluded” (/a f^ita Pericles) that beautiful passage cited by 
Chandler, where he affirmed tAat the structures of Pericles possessed a peculiar and «n- 
paralleled excellence of character ; a certain freshness bloomed upon them and preserved their 
faces uninjured^ as if they possessed a never-'fading spirit^ and had a soul insensible to age.*' It 
is singular that recent discoveries have incontestably proved that this species of beauty at 
all events did not originally exist in them, inasmuch as it is now clearly ascertained that it 
was the practice of the Greeks to paint the whole of the inside and outside of their temples 
in party colours. It had been some time known that they were in the habit of painting 
and picking out the ornaments on particular parts of their buildings ; but M. Schaubert, 
the architect of the King of Greece, found on examination that this fell far short of the ex- 
tent to which this species of painting was carried, and 3VI. Semper, another German archi-, 
tect, has fully v*orrol)orated the fact in his examination of the Temple of Theseus, llie 
prsctice was doubtless imported into Greece from Egypt, and was not to be easily aban- 
doned, seeing the difficulty of falling away from the habits of a people whence it seems 
certain the arts of Greece more immediately came. It is by no means uncommon for a 
person to be fully alive to all the beauties of form, without at the same time having a 
due feeling or perception of the beauty resulting from harmony in colouring. It is 
therefore not to be assumed that the Greeks, though given to a practice which we would 
now discourage, posses.scd not that taste in other respects which has worthily received 
the admiration of posterity. The practice of painting the inside and outside of buildings 
has received the name of polychromatic architecture, and we shall here leave it to the 
consideration of the student as a curious and interesting circumstance, but certainly with- 
out a belief that it could add a charm to the stupendous simplicity and beauty of sucl 
a building as the Parthenon. 

251 3. After all that we ha\e said of fitness, it will be expected that in decoration it shall 
form a principal ingredient. By the term decoration we understand the combination of 
objects and ornaments that the necessity of variety introduces under various forms, to 
embellish, to enrich, and to explain the subjects whereon they are employed. The art of 
decoration, so as to add to the beauty of an object, is, in other words, that of carrying out 
the emotions already produced by the general form and parts of the object itself. By its 
means the several relations of the whole and the parts to each other are increased by new 
combinations ; new images are presented to the mind whose effect is variety, one great 
source of pleasure. From these observations two general rules may be deduced in respect 
of decoration. Firsts that it must actually be or seem to be necessary. Second^ that 
such objects must l>e employed in it, as have relation to the end of the general object of 
the design. We are not to suppose that all parts of a work are susceptible of ornament. 
Taste must be our guide in ascertaining where decoration is wanted, as well as the quantity 
ro<]uisitc. The absence of it altogether is in many cases a mode of decoration. As in 
language its richness and the luxuriance of images do not suit all siifaijects, and simplicity 
in such cases is the best dress, so in the arts of design many subjects would be rather 
impoverished than enriched by decoration. We must therefore take into consideration the 
character of the building to decorated, and then only apply such ornament as is neces- 
sary and suitable to that character. We may judge ^ its necessity if the aboenoe of it 
causes \ dissatisfaction from the void space left ; of its suitableness, by its developing thf 
character . History has recorded tlie contempt with which that decorator was treated whe 



84S 


6iia». I. BEAUTY IN ARCHITECTURE. 

orncmented the senate house with statues of wrestlers, and the gymnasium with statuea ol 
senators. 

2514. By some the art of architecture itself has been considered nothing more than 
that of decorating the buildings which protection from the elements induces us to raise. 

25 1 5. The objects which architecture admits for decoration result from the desire of 
producing variety ^ analogy^ and allegory. We here follow Quatremere de Quincy. {Encyc, 
Method,) The first seems more general than the others, as being common among all 
nations that practise building. It is from this source we have such a multitude of cut- 
work, embroidery, details, compartments, and colours, more or less minute, which are 
found in every species of architecture. It would be useless* for the most philosophical 
mind to seek for the origin of these objects in any want arising out of the mere construc- 
tion, or in any political or superstitious custom* Systems of conjecture might be exhausted 
without arriving one point nearer the truth. Even in the most systematic of the different 
kinds of architecture, namely, that of the Greeks, we cannot avoid perceiving a great number 
of forms and details whose origin is derived from the love of variety, and that alone- In a 
certain point of view, thus considered, an edifice is nothing more than a piece of furniture, 
a vase, an utensil, the ornaments on which are placed more for the pin pose of plciCsing the 
eye than any other. Such, for instance, are the roses of caissons in ceilings and sofites, the 
leaves round the bell of the Corinthian capital, the Ionic volutes, and many others, besides 
universally the carving of mouldings themselves. These ornaments, drawn from the store- 
house of nature, are on that account in themselves beautifbl ; but it is their transference to 
architecture, which in the nature of things can have but a problematical and conjectural 
origin, that seems to indicate a desire to vary the surface. Unless it was the desire of 
variety that induced them, we know not what could have done so. 

2516 It has been well observed by the author we have just quoted, that though the art 
has been obliged to acknowledge that many of its decorations depend in their application 
on such forms as necessity imposes, and in the formation of them on enance, caprice, or 
whatever the love of variety may dictate, yet in the di.sposition of them there must reign 
an order and arrangement subordinate to that caprice, and that at this point commences 
the difference between architecture as an art subservient to laws which are merely de- 
pendent on the pleasure imparted to the eye, and those which depend on the mere me- 
chanical disposition of the building considered as a piece of furniture. Architecture, of all 
the arts, is that which produces the fewest emotions of the minds of the many, because it 
is the least comprehensible in regard to the causes of its beauty. Its images act indirectly 
on our senses, and the impressions it secqjs to make appear reaucible chiefly to magnitude, 
harmony, and variety, which after all are not qualities out of the reach of an architect of 
the most ordinary mind, and therefore not — at least the first and last — unattainable 
where economy does not interfere to prevent the result to be attained. 

2517. Analogy, the second of the objects by which decoration is admitted into archi- 
tecture, seems to be resultant from the limited nature of all human inventions in the arts, 
and the power of being unable to invent except by imitation and alteration of the forms of 
objects pre-existent. It is most diflficult to discard altogether what have been considered 
types in architecture, and that difficulty has so prevailed as to limit those types to their 
most probable origin in the case of the orders. 

2518. The reader will begin to perceive that our analogy in decoration tends upon trees 
for columns, the ends of beams for triglyphs, and the like. Whatever truth there may be 
in this analogy, it is now so established as to guide the rules of decoration that are in • 
volved in it ; and it must be conceded, that if we are desirous of imitating the peculiar art 
of any country, we have no hope of success but by following the forms which the con- 
struction in such coimtry engenders ; and we must admit that, as far as external circum- 
stances can direct us, the architecture of Greece, which, modified, has become that of the 
whole of Europe, and will become that of America, seems so founded on the nature of 
things, that, however we may doubt, it would not be prudent to lead the reader away from 
the consideration, and perhaps from a belief, that such is the truth. Without holding' 
ourselves bound by the analogy of the types of the tree and the cross beam, whicli appear 
to have guided the architects of Greece, we can without hesitation assert, that whenever 
those have been abandoned the art has fallen on th.e most flagrant vices ; witness th^ 
horrors of the school of Borromini, where the beams are broken, pediments, which are the 
gables of roofs, are broken into fantastic forms, and none of the parts seem naturally con- 
nected with each other. The works of the school in question seem indeed so broken up, 
that the study of them would almost convince an impartial and competent judge that the 
converse of its practice is sufficiently beautiful to establish the truth of the types whereon 
we have here and before expressed our scepticism. ** Sitot,** says De Quincy, **que le g^nie 
deoorateur s'est cru libre des entraves de Tanalogie, toutes 1» formes caract^ristiques se 
Sent contoumees, pervertecs, et denatur^^ au point qu*il y a entr’elles et celle de la bonne 
architecture, plus de distance qu*entre celles-ci et les types de la primitive construction.** 

251 9. in the decoration of 'architecture, neither of the other two means employed art 
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more important than that ocular language which architecture occasionally employs in its 
ornaments. By its use architecture is almost converted into painting, and an edifice be- 
comes e picture, or a collection of pictures, through the aid of the sculptor. We shall 
refer to no other building than the Parthenon to prove the assertion. Here the history of 
the goddess is emliodied in the forms of the building, and to the decoration thus intro- 
duced the subordinate parts of the sculpture, if it be not heresy so to call them, is kept ho 
under that we are almost inclined to cry out against their not having been principals in- 
stead of accessories. This is the true principle upon which buildings should be decorateil 
to impress the mind of the spectator with the notion of beauty, and the principle which, 
carried out, no matter what the style be, will insure the architect his most ample reward, 
reputation. The matter that is supplied by allegory for decoration in architecture may be 
considered under three heads — attributes^ figures^ and paintings. 

2520. The first takes in all those foliages, plants, flowers, and fruits, which from their 
constant use in sacrifices were at last transferred from the altar to the walls of the temple. 
The garlands, festoons, chaplets, and crowns which we find sculptured on temples seem to 
have had their origin from the religious ceremonies performed in them ; as do the instru« 
ments of sacrifice, vases, the heads of the victims, paterae, and all the other objects em- 
ployed in the worship of the ancients. Thus, in architecture, these have become conven- 
tional signs, indicating the destination of the buildings to which they are applied. From 
the particular application of some ornaments on temples we derive in the end a language 
in the arts of imitation. It was thus that the eagle grasping in his talons the attribute of 
Jupiter, came to represent eternity and omnipotence; the myrtle and dove of Venus, the 
passion of love ; the lyre and laurel of Apollo, to point to harmony and glory ; the spear 
and helmet of Mars, to represent war. Palms and crowns became the emblems of victory, 
as did the olive the emblem pf peace. In the same way the ears of corn of Ceres, the 
serpent of Esculapius, the bird of Minerva, and the cock of Mercury were e(][uivalent to 
the expression of abundance, science, and vigilance. Instruments of the arts, sciences, in 
short, all objects useful to the end for which an edifice is erected, naturally become signs of 
that edifice ; but applied otherwise become absurd. What, for instance, could be more 
ridiculous than placing ox sculls and festoons on the frieze of a Protestant church? — and 
yet this has been done in our own days. 

‘ivOSl, Figures of men and animals come under the second head. The application of 
these may be seen to their highest perfection in the Parthenon, to which we have already 
alluded. They may be introduced in low, high, or frill relief. In the last case their 
situation is usually that of a niche. , We shall say no more on the subject of figures than 
that of course they must have relation to the end for which the edifice is erected, and if 
not in that respect perfectly intelligible are worse than useless. 

2522. The walls of Pompeii furnish ancient examples of the decoration obtained by the 
aid of painting, as do the loggic of the Vatican and the ceilings of the Farnesina modern 
examples of it. Herein the moderns have far surpassed anything we know of the ancient 
application of painting. Sculpture, however, seems more naturally allied to architecture 
than painting, and, except in purely decorative painting on walls and ceilings, the intro- 
duction of it seems bounded within narrow limits. The rules as to fitness of the subjects 
introduced, applicable to the first two heads, are equally so under that of painting. 


Sect. II. 

THE oanxas. 

252li. An order in architecture is a certain assemblage of parts subject to uniform esta^ 
blished proportionsr regulated by the office that each part has to perform. It may be 
compared to what organisation is in animal nature. As from the paw of a lion his dimen- 
sions may be deduced, so from a triglyph may be found the other parts of an example of 
the Doric order, and from given parts in other orders the whole configuration duty be 
found. As the genus may be defined as consisting of essential and svbservient parts, the 
first-named are the column and its entablature, which, as its name imports, is as it were 
the tabled work standing on the column. The subservient parts are the mouldings and 
detiul into which the essential parts are subdivided, and which we shall hereafter separately 
consider. The species of orders are five in number, Tuscan, Doric, Ionic, Corinthian, and 
Composite, each of whose mass and ornaments are suited to its character and the ex- 
pression it is intended to possess. These are the five orders of architecture, in the proper 
understanding and application whereof is laid the foundation of architecture as an art. 
llie characters of strength, grace, and elegance, of lightness and of richness, are dis- 
tinguishing features of the several orders, in which those characters ought to be found 
not onljr in the column employed, but should pervade the whole eompositioo, whereof the 
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column i«, as it were, the re^lator. The mode of setting up, or, as it is technically 
termed, profiling an order, will be given in a subsequent part of this section. Here we 
shall merely ob^rve that the entablature is subdivided into an architrave, which lies 
immediately upon the column, a frieze lying on the architrave, and a cornice, which is its t 
uppermost subdivision. ITie height of these subdivisions together, that is, the whole 
height of the entablature, is one fourth that of the column according to the practice of the 
ancients, who in all sorts of entablatures seldom varied from that measure either in excess 
or defect. “ Palladio, Scamozzi, Alberti, Barbaro, Cataneo, Delorme, and others,” says 
Sir William Chambers, “ of the modern architects, have made their entablatures much 
lower in the Ionic, Composite, and Corinthian orders than in the Tuscan or Doric. This, 
on some occasions, may not only be excusable but highly proper ; particularly where the 
intercolumniations are wide, as in a second or third order, in private houses, or inside 
decorations, where lightness should be preferred to dignity, and where expense, with every 
impediment to the conveniency of the fabric, are carefully to be avoided ; but to set 
entirely aside a proportion which seems to have had the general approbation of the 
ancient artists is surely presuming too far.” 

2524. As rules in the fine arts which have obtained almost universal adoptlOM are 
founded on nature or on reason, we may be pretty certain that they arc not ^together 
empirical, albeit their origin may not be immediately apparent, llie grounds on which 
such rules are founded will, however, in most cases become known by tracing them to 
first principles, which we shall here endeavour to do in respect of this very important 
relation of height between the column and its entablature. We were first led into this 
investigation by the perusal of a work by M. Lebrun, entitled Theorie de V Architecture 
(Jrecque et Romaine deduite de Vanalyae dee Monumens antiquen, fol. Paris, 1807 ; but our 
results differ very widely from those of Lebrun, as will be seen on reference to that work 

2525. One of the most obvious principles of proportion in respect of loads and supports, 
and one seemingly founded on nature herself, is, that a support should not be loaded with 
a greater mass or load than itself; or, in other words, that there should be an equality 
between weights and supports, or, in the case in poinl, between the columns and en- 
tablature. In respect of the proportion of the voids below the entablature between the 
columns or supports, a great diversity of practice seems to have prevailed, inasmuch as 
we find them varying from I *03 to 2*18, unity being the measure of the supports. Lebrun 
makes the areas of the supports, weights, and voids equal to one another, and in what 
may be termed the monumental examples of the Doric order, such as the Parthenon, &c , 
he seems borne out in the law he endeavours to establish ; but in lighter examples, such 
as the temple (Ionic) of Bacchus at Teos, where the supports are to the \oids os 1 : 2*05, 
and in the temple of Minerva Polias, where the ratio is as 1 : 218, he is beyond all 
question incorrect : indeed there hardly seems a necessity for the limitation of the voids 
he prescribes, seeing that, without relation separately to the weight and support, sta- 
bility would be obtained so long as the centre of gravity of the load fell within the ex- 
ternal face of the support. If it be admitted that, as in the two examples above men- 
tioned, the voids should be equal to the supports jointly, we have a key to the rule, and 
instead of being surprised at the apparently strange law of making the entablature one 
fourth of the height of the column, we shall find that no other than the result assumed 
can fiow from the investigation. 

2526. In fig. 861. let AB be the height of the column, and let the distance between the 
columns be one third of the height of the column « CD. Now if 
AB be subdivided into four equd parts at a, 6, and c, and the hori- 
zontal lines ad, be, and cf be drawn ; also, if CD be divided hori- 
zontally into four equal parts, and lines be drawn perpendicularly 
upwards intersecting the former ones, the void will be divided into 
sixteen equal parallelograms, one half whereof are to l)e the measure 
of the two whole supports BC and DE ; and D£ being then made 
equal to one half of CD, it will be manifest, firom inspection, tliat 
the two semi-supports will jointly be equal to eight of the parallelo- 
grams above mentioned, or one half of the void. We have now to 
place the entablature or weight AGHI upon the supports or co- 
lumns, and equal to them in mass. Set up from A to F another 
row of parallelograms, each equal to those above mentioned, shown 
on the figure by AFKl. These will not he equal to the supports 
by two whole paralleWrams, being in number only six instead of 
eight ; dividing, therefore, 8, the number in the supports, by 6,^ the 
number already obtained, we have 1 *333, &c., which is the height 
to be assigned to AG, so that the weight may exactly equal the 
supports, thus exceeding one quarter of the height of the support (or column) l)y of 
■such quarter, a coincidence spfificieiit to corroborate the reason on which the law is 
fiiund^. / 
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S527. From an inspection of the Jtfft* 8fjl» 862^ 863, it appears that irhen the vibid is i 
third tile height of the supports in width, the supports will 
be 6 diameters in height ; when one fourth of their heigiit, 
they will be 8 diameters high ; also that the intcrcolumni- 
ation, called systylos or of two diameters, is constant by the 
arrangement. When the surface of the columns, as they 
appear to the eye, is equal to that of the entablature, and 
the voids are equal to the sum of those surfaces, the height 
of the entablature will always lie one third of that of the 
columns, llius, let the diameter of the columns beasl, 
their heights 4, their number «n. Then the surface of 
the columns is nh; that of the entablature the same. As 
the suiface of the voids is double that of the columns, the 
width of the intercolumniations is double the width of the 
columns, that is, 2n diameters, which, added to the n dia> 
meters of the columns, gives 3n diameters for length of the 
entablature; therefore, the suiface of this entablature is 
nht and its length being 3n, its height must be j exactly. 

2528. Trying the principle in another manner, let Jig, 864. be the general form of s 
tetrastyle temple wherein the columns are assumed at pleasure 8 diameters in height 




Then 4 X 8«=32 the areas of the supports; and as to fulfil the conditions the three voids 
are equal to twice that aiea, or 64, they must consequently be in the aggregate equal to 8 
diameters, for and the whole extent will therefore be equal to 12 diameters of a 

support or column. To obtain the height of the entablature so that its mass may equal 
that of the supports, as the measures are in diameters, we have only to divide 32, the 
columns by 12, the whole extent of the facade, and we obtain two diameters and two 
thirds of a diameter for the height of the entablature, making it a little more than on© 
quarter of the height of the column, and again nearly agreeing in terms of the diameter 
with many of the finest examples of antiquity. If a pediment be added, it is evident, the 
dotted lines AC, CB being bisected in a and 6 respectively, that the triangles A£a, &FB 
are respectively e<iual to CDa and D4C, and the loading or weight will not be changed. 

2529. Similar reauUs will be oliserved in fig. 865., where the height is ten diameters, the 
number of columns 6, the whole therefore 180, the supports being 60* Here 
diameters will be the height of the entablature. This view of the law is further borne opt 
by an analysis of tlw rules laid down by Vitruvius, book iii. chap. 2, ; — rules wiiich did 
not emanate from that author, but were the result of the practice of the tllbe therein lie 
lived, and, within small fractions, strongly corroborative of the soundness qf the hypothesis 
of the voids being equal to twice the supports. Speaking of the fire species of temples, 
after specifying the different intercolumniations, and' repflmmeoding Iho^ustyios as the 
most beautiful, he thus directs the formation of temples with that interval between the 
columns. ** The rule for designing them is as follows : 'l^e eitettt of the front beii^ 
given, it is, if tetrastylos, to be divided into 11| parts, not includit^ the proJ^Hons ht 
the base and plinth at each end; if hexast^los, into 18 parts; if octastylos, iuto 
parts. One of either of these parts, according to the ease, whether ^etraslytos, hexa- 
stylos, or octsstylos, will be a measure equal to the diameter of one o^ Rie etiiumni.^ . . . • 

, “ pie heights of the columns will be SJ parts. Thus the intercolumniatiopi and tha 
^heights of the columns will have proper proportion.** tn the same chapter he ghrei 
directions for setting out aroxistyle, diastyle, and systyle temples. tdtrtaytos^e stated 
Is 1 Imparts wide and 8 1 high; the area therefore of tlte v^mle front becom^P^V 
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The four columns are 4 x 8^ « 34, or very little more than one third of the whele area ; the 
remaining two thirds, speaking in round numbers, being given to the interoolumns or voids. 
The hexastylofl (see^y. 865 *) is 18 parts wide and 81 high; the whole area therefore is 
18 X 8^ « 133. The six columns are 6 x 8^ » 51, or exactly one third of the whole area; 
the voids or interoolumns occupying the remaining two thirds. The octiutylos is 24^ parts 
wide and 8^ high. Then 24^ x 8^ i=2084. The eight columns are 8 x 8^ » 68, being a 
trifie less than one third of the area, and the voids or intercolumns about double, or the 
remaining two thirds. The average of the intercolumns in the first case will be 

a, 24 diameters. In the second case ^5~as2| diameters. In the tliird case 
diameters. 

SS30. A discrepancy between practice and theory, unleii extremely wide, must not be allowed to intei fere 
with principles, and therefore no hesitation is felt in submitting a synoptical view of some of the most cele* 
brated examples of antiquity in which a comparison is exhibited between the voids and supports : certain it 
is that in every case the former exceed (he latter, and that in the earlier examples of the Done order, the 
latlo between them nearly approached equality. In comparing, however, the supports with the weights, 
there is every appearance of that part of the theory being strictly true ; for in taking a mean of the six 
examples of the Doric order, the supports are to the weights as 1 : 116 , in the five of the Ionic order as 
1 : t‘05 ; and in the four of the Corinthian order as 1 : 1'04, a coincidence so remarkable that it must be 
attributed to something more than accident, and deserves much more extended consideration than it lias 
tiiilieiio received. 


Building. 

Order. 

Number of 
Columns. 

Supports. 

Weights. 

Voids. 

Temple of Jupiter Nemeus 

Doric 

6 

1*00 

0 79 

103 

Parthenon ----- 

— 

8 

IdO 

i 07 

1*04 

Temple at Basie . . - . 

— 

6 

1*00 

V14 

1*16 . 

Tentple of Minerva at Sunium • 



G 

1*00 

1*40 

1*17 

Temple of Tiieseui at Ath<mi • • 


6 

1*00 

1*13 

1*21 

Temple of Jupiter Panhelleniui 

— 

G 

1 00 

1*49 

7*36 

Temple of Erectheus . - - 

Ionic 

6 

1*00 

0*89 

1*24 

Temple of Foriuna Virilii at Pome - 
Temple on the iyisui ... 

! 

4 

100 

115 

1*71 

— 

4 

1-00 

0 96 

1*7*2 

Temple of Baccliiii at Teoi 


8 

1*00 

1*36 

2*0 S 

Temple of Minerva Poliai, Alheni • 

— 

4 

1 00 

1*01 

2 18 

Portico of Septlmiui Severui - 
Maiion Carreeat Niimei 

Corinthian. 

6 

100 

0 93 

1’37 

_ 

6 

1*C0 

0i»3 

I*f>8 

Temple at Jackly - - i* - 


6 

100 

0*90 

1*02 

Pantneon at Home - 

— 

8 

1*00 

1*43 

1*84 


If instead of taking the apparent bulk of a column, tnat is, as a square pier, we take its real hulk, whicli is 
about three quarters (f ) that of a square pier of the same diameter and height ; 
the height of the entablature will be one fourth of the height of the column ; 

for S of J a 

Tliere is a curious fact connected with the hypothesis' which has been sug- 
gested that requires notice ; it is relative to the area of the points of support 
for the edifice which the arrangement affords. 86h the hatched squares 

represent the plans of quarter piers of columns In a scries of interuolumuia- 
tlons every way, such* intercolumniations being of two diameters, or ioOr 
semidiameters. These, added to the quarter piers, make six temtdiaineteis, 
whose square 36 is therefore the area to be covered with the weight. The 
four quarter piers or columnsa:4, hence the points of support are ^ of the area 
bO'I II. Now in the list (1663.) of the princinal buildings in £uiope the mean 
ratio is 0‘1G6, differing only 0*097 from the result here ^veu ; but if we select 
the following buildiiigs the mean will be found to diflbr much less. 

Temple of Peace • 0 IS7 

S. Paolo fuori 1« Murk • 0*1 1 H 

S. Sabino - - 0 lOO ' n. .. 

S. Filippo Keri • • 0*120 Sum jhO' 474. Mean-i—. =0*118. 

XOULDJNO8. 

253 L The tubservient parti of an order, called mouldings, and common to all tlie Eomat 
orders, ara eight in number. They are — 1. Theoiwfo, eeftinut^ ot quarter round. {Fig* 867.) 
It H oomnionly found under the abacus of capitals; and is also almost always placed 
*between the corona ond 4antil8 in the Corinthian cornice : its form gives it the appearance 
of seeming fitted to suflport another member. It should be used only in situations above 
tbe level of the eye. 2. Tlie tahm^ ogtt^ or reverMed egma (Jig* 868.) is also, like the ovolo, a 
moulding fit fbr the support of another. 3, The cgma, cyma recta, or rymaiium (Jig* 869.) 
•eetna well oontrked for a covering and to shelter other members ; it is only used properly 
Ibr crowning menilbers, though in Palladio’s Doric, and in other examples, it is found 
occaskmally in ^ bed monli^gs under the corona. 4. The torus (Jig, 870.), like the 
astral^ preaeOtfy^ko be mentidned, is shaped like a rope, and seems intended to bind and 
strength tbe parts to which it it applied; while, 5. The scctia or trocAilog (Jig. 871.), 
placed between tlte fllleta wnich always accompany the tori, is uroally below the eye ; its 
uae beihg to aepari^ the tori, and to contrast and strengthen the effect of other mouldings 
^aa weti at to vkriety lo|he profile of the base. 6* Tite earetto, mouih* or hoUow 
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Fiff. 873. Flff. 874. 


872. ) is chiefly used as a crowning moulding, like the cyma recta. In bases and 
capitals it is never used. By workmen it is frequently called encasement. 7. The uatra^ijU 

873. ) is nothing more tlian a small torus, and, like it, seems applied for the purpose of 
binding and strengthening. The astragal is also known l)y the names of head and baguette. 
8, 'I'he fillet^ liatelt or annulet {fig. 874.) is used at all heights and in all situations. Its 
chief oflice is the separation of curved mouldings from one another. 

2532. In Grecian examples, the sections of mouldings are obtained by portions of an 
ellipse, parabola or hyperbola, all parts of a conic section, so that they give a greater 
delicacy of outline than do the Roman examples. “ These latter,” writes J. B. Pap worth, 
ill his edition (1826) of the work by Sir W. Chambers on Civil Architecture^ “produced 
$imilar quantities of middle tint, light, and shadow ; the Greeks carefully avoided this 
sameness, and judiciously and tastefully made the shadows to prevail distinctly. Hence 
in all their works we And the result of a superior understanding of the principles and 
effects of light and shade, which are opposed to each other, and relieved with grt:at bkiil; 
whereas, in the Roman style, being divided and broken, they are certainly less beautiful 
and less < a])able of affording the charms of reflected light than the vestiges of Grecian art. 


t — i 7^ t — TT* t r* wlrich by their well- 

J 1 Y I >s studied proportions 

* IT M [ t ^ • merit respect and imi- 

V Fig. 868c. rig.aesa. Fig. 8746. Fig. 87ia. tation.” Sir WilKam 
* observes on these dif- 

:/ ferent mouldings that their inventors meant to express 

* "" 1 something by their different figures, and that the 

* destinations above mentioned may be deduced not 
only from their figures, but from the practice of the ancients in their most esteemed 
works; the cyma and cavetto arc constantly used as finishings, and never applied where 
strength is required; the ovolo and talon are always employed as supporters to the 
essential members of the composition, such as the modillions, dentils, and corona; the chief 
use of the torus and astraffal is to fortify the tops and bottoms of columns, and sometimes 
4 »f pedestals ; and the scotia is employed only to separate the members of bases, for which 
purpose the fillet is likewise used nut only on bases but in all kinds of profiles. 

2533. The namea of the Greek mouldings are the same as those already mentioned ; and 
there is another (Jig, 8746 ) called from iu appearance a birtTe^ifeal moulding^ comprising 
tbe outline of the echinus hollowed out below and then brought down with a curve 
into the fascia. It is chiefly used in the capital of an anta or pilaster, as in fig, 883. 
Fig, B67b. is a quirked ogee, having a separation frono the &ioia above to obtain a depth 
of shadow. Fig. 868b, is a quirked ovola. F^. 667a, is used in the cap of the l>oric 
order. Fig. 869a., the cgma recta, used as the crowning member of a cornice, was often 


elegantly decorated. Fig, 86 Be. is an ogee projecting fbriher than the ordinary forou . 
. Fig, 874c; is an outline of the base of the Cboregic Monument of Lysicrates at Athens* 
jihpwing n combinatiou of mouldings ; three of the mouldii^s being inverted* Ei^amp^ 
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of Greek capitals are given on pages 906 and 907, in addition to those in P/gs. 883 
and 887. 

2iiS4. The simplest method of describing the contours of mouldings in Roman or 
Italian architecture is to form them of quadrants 4 ji hircle^if as shown' in Figs. 867 
to 874. Where circumstances justify a variation, the ovolo, talon, cyma, scotia, and 
cavetto, may be either descril>ed from the summits of equilateral triangles, or be 
composed of portions of the ellipsis, but tlie section of the torus and astragal ia always 
eemicircular. 


ORNAMENTS OF MOULDINOa 

2535. In ornamenting the profile of an order, repose requires that some mouldings should 
l>e left plain. If all were enriched, confusion instead of variety would result. Except for 
particular purposes, the square members are rarely carved. There are but few examples 
in the l>est age of the art in which tlie corona is cut ; indeed at this moment the only one 
that occurs to us wherein work is in fine style is that of the three columns in the 
Campo Vaccino. So where the ovolo above and talon l)eIow it are carved, the dentil 
band between them should be uncut. Scamozzi, in the third chapter of his sixth book, 
inculcates that ornaments should he neither profuse nor abundant, neither are they to be 
too sparingly introduced. Thus they will he approved if applied with judgment and dis- 
cretion. Above all things, they are to be of the most beautiful forms and of the exactest 
proportions; ornaments in buildings, being like the jewels used for the decovation of 
princes and princesses and persons of high rank, must be placed only in proper situations. 
Neither must variety in ornaments be carried to excess. We have to recollect that, being 
only accessories, they must not obtrude upon but be kept subordinate to the main object. 
Thus ornaments applied to mouldings should be simple, uniform, and combining not more 
than two distinct forms in the same enrichment; and when two forms are used on the same 
moulding they should be cut equally deep, so that an uninterrupted appearance may be 
preserved. Mouldings of the same form and size on one and the same profile should be 
similar; and it is moreover a requisite of the greatest importance, so to distribute the 
centres of the ornaments employed that the centre of one may fall exactly over the centres 
nf those below, of which the columns of the Campo Vaccino form an example for imitation 
in this respect. Nothing is more offensive than, for example, to see the middle of an egg 
placed over the edge of a dentil, and in another part of the same moulding to sec them 
come right, centre over centre, and the like negligent and careless distribution. This may 
always be avoided by making the larger parts regulate the smaller. Thus where there are 
modillions they must be made to govern the smaller ornaments above and below them, and 
these smaller ones should always be subdivided with a view to centring with the larger 
parts. The larger parts are dependent on the axes of the columns and their inter- 
columniations ; but all these must be considered in profiling the order. It will of course 
be necessary to give the ornaments such forms as may be consistent with the character of 
the order they enrich. The enrichment of a friexe depends upon the destination of the 
building, and the ornaments may have relation to the rank, quality, and achievements of 
the proprietor. We do not agree with Chambers in condemning the introduction of arm& 
crests; and cyphers, as an unb^oming vanity in the master of the fabric. These may often 
be so introduced as to indicate the alliances of the family, and thus give a succinct history 
of its connections. In Gothic architecture we know the practice induced great beauty 
and variety. We have before observed, in Sect. I. of this Book (2520 . ), that the instru- 
ments and symbols of pagan worship are highly indecorous, not to cay ludicrous, on 
edifices devoted to the Christian religion. 

2536. In carving ornaments they must be cut into the solid, and not carved as if they 
were applied on the solid, because the latter practice alters their figure and proportion. In 
fact, every moulding should be first cut with its contour plain, and then carved, the most 
prominent part of the ornament being the actual surface of the moulding before carving, 
(^serving that all external and re-entering angles are kept plain, or have only simple leaves 
with the central filament expressed on or in-the jlkigle.^ In ^ eiroular temple of Tlvc^ 
the principle of cutting the ornament out of the solid is carried out so fivy that the leaves, 
as usual in most examples of the Corinthian order, instead of being mere appliquto to the 
bell of the capital, are actually out out of it. 

2537. The degm of relief which ornaments ought to have is dependent on their distance 
from tlie eye and the character of the composition : these matters will also regulate the 
degr^ of finish they ought to possess, l^ere are sonm mouldis^ whose profile is in- 
tlicatfve of bearing weight, as the ovolo and talon, which by being dee^dy out, though 
' Ihemselves heavy in chamter, are thereby susceptUde of having great iigbmess imparted to 
tluyn, whilst such as the cyma and oavetto should not be ojmamented deep In the solid. The 
imitation firom nature of die objects r^resoited shoiild be car^uUy observed, the result 
whereof wiH unpart beaifty and interest to the work on which such attention is hestowed. 
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CHARACT1A8 OF THE ORDERS. 

2538. In (he First Book of this work, Sect, XI. (133, et $eq.)f we have considered the 
histor)^ of the five orders of architecture; we shall here offer some general observations 
upon them before proceeding to (be detail of each separately. The orders and their several 
characters and qualities do not merely appear in the five species of columns into which they 
have been subdivided, but are distiibuted throughout the edifices to which they are applied, 
the column itself l>eing the regulator of the whole composition. It is on this account the 
name of orders has been applied to the differently formed and ornamented snpports, as 
columns, which have received the names of the Doric, Ionic, Corinthian, Tuscan, and 
Composite orders, whereof the three first are of Grecian origin, and the two last, it is sup- 
posed, of Italian or Roman origin. Each of these, by the nature of its proportions, and 
the character resulting from them, produces a leading quality, to which its dimensions, 
form, and ornaments correspond. But neither of the orders is so limited as to be confined 
within the expression of any single quality. Thus the strength indicated in the Doric order 
is capable of being modified into many shadesand degrees of that quality. We may satisfy 
purselves of this in an instant by reference to the early compared with tlie later Doric 
column of the Greeks. Thus the columns of the temple at Corinth are only four diameters 
high, while those of the portico of Philip are six and a half. ^ ^ 

2539. As the Doric seems the expression of strength, simplicity, and their various modes, 
so the Ionic, by the rise in height of its shaft and by the slenderness of its mass, as well 
as by the elegance of its capital, indicates a quality intermediate between the grave solidity 
of the Doric and the elegant delicacy of the Corinthian. Bounded on one side by strength, 
arid by elegance on the other, in the two orders just named, the excess of elegance in the 
Corinthian order ends in luxury and richness, whereof the character is imprinted on it. 

2540. We cannot here refrain from giving, in the words of the excellent Sir Henry 
Wotton, a quaint and homely, but most admirable description of these five orders, from his 
Elements of Architecture, “ First, the Tuscan is a plain massive rural pillar, resembling 
some sturdy, well- limbed lal>ourer, homely clad, in which kind of comparisons, Vitruvius 
himself seemeth to take pleasure." (Lib. iv. cap. 1. ) • • • “ The Dorique order is the gravest 
that hath been received into civil use, preserving, in comparison of those that follow, a more 
masculine aspect and little trimmer than the Tuscan that went before, save a sober garnish- 
ment now and then of lions' heads in the cornice^ and of trighjphs and metopes always in the 
frize," ... “To discern him will be a piece rather of good heraldry then of architteture^ 
for he is knowne by his place when he is in company, and by the peculiar ornament of his 
ftize^ l>efore mentioned when he is alone.” . . . ^ Tl»e lonique order doth repre^nt a kind 
of feminine slendernesse j yet, saith Vitruvius, not like a light housewife, but, in a decent 
dressing, hath much of the matroner . . . “ Best known by his trimmings for the l>odie 
of'’ihis columne is perpetually chantled, like a tliick-pleighted gowne. The capitaU dressed 
on eaih side, not much unlike women’s wires, in a spiral wreathing, which they call the 
Ionian valuta." . . . “ The Corinthian is a columne lasciviously decked like a courtezan, 
and therefore in much participating (as all inventions do) of the place where they were 
first born, Corinth having beene, without controversie, one of the wantonest towns in the 
world.” . . . “ In short, as plainness did characterise the Tmcan, so, much delicacie and 
varietie the Corinthian pillar, besides the height of his rank.” . . . “ The last is the com- 
pounded order, his name being a briefe of his nature : for this pillar is nothing in effect but 
a medlie, or an amasse of all the precedent onutments, making a new kinde by stealth, ^d 
though the most richly tricked, yet the poorest in this, that he is a borrower of his beautie,” 
Each of the orders, says De Quincy, is, then, in the building to which it is applied, the 
governing principle of the forms, taste, and character of that system of moral order me* 
with in Grecian architecture which alone seems to have suited the physical order of pro 
portions with each part, so that what b agreeable, ornate, and rich b equally feund in the 
whole as in the parts. 

2541. On the two Latin orders we do not think it recessary to say more than that they 
will be fully described in following pogdi*' The invenoon of new orders must arise out of 
other expressions of those qualities which are already sufficiently well and beautifully 
expressed ; hence we cpnsidcr, with De Quincy, to attempt such a thing would be vain. 
Chambers thus expresses himself on this subject, without the phil^phy of De Quincy, 
yet with the feelings of a learned and experienced architect t “ The ingenuity of man has, 
hitherto, not been able to produce a sixth order, though lai^e premiums have bcoa offered, 
and numerous attempts been made, by men of first-rate talents to aooomplbh it. Such b 
the fisttored human imagination, such the scanty store of its ideas, that Doric, Ionic, md 
Corinthian have ever floated uppermost, and all that has ever been produced amounts to 
nothing more than different arrangemrats and oombtnati^ oC their parts, with so^ 
trifling deviatkms, scarcely deserving notice ; the wliole tiding generally more Co ffinMUbh 
than to increase tlie beauty of the ancient orders.” Again : The supprewton of parti 
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the ancient orders, with a view to produce novelty, has oC late years Inseii praotked among 
us with full as little success ; and though it is not wished to restrain sallies of imagination, 
nor to discourage genius from attempting to invent, yet it is apprehended that attempts to 
alter the primary forms invented by the ancients, and established by the concurring appro- 
bation of many ages, must ever be attended with dangerous consequences, must always l>e 
difficult, and seldom, if ever, successful. It is like coining words, which, whatever may be 
their value, are at first but ill received, and must have the sanction of time to secure them 
a current reception." 

2542. In the progress of the five orders, from the Tuscan up to the Composite, taking 
seven diameters for the height of the Tuscan column, and eleven for that of the Compositis 
if the entablature be taken of the same absolute height in all, and at the same time in 
height one quarter of that of the column, we shall have the height of the entablature ia 
terms of the diameter of the column, as follows : 


In the Tuscan order . 
In the Doric order 
In the Ionic order 
In the Corinthian order 
In the Composite order 


J of J — 15 entablature diameters high, 
J of f == 2 entablature diameters high. 
J of ^ entablature diameters high. 

^ of — 24 entablature diameters high. 
J of y = entablature diameters high. 


HEIGHT ANU DIMINUTION ‘ OF COLUMNS. 

2643. Vitruvius tells us that the ancients were accustomed to assign to the Tuscan 
column seven of its diameters foi the height ; to the Doric, eight ; to the Ionic, nine ; and 
to the Corinthian and Composite, ten. Scamoszi, the leader of the moderns, adopts 
similar proportions. But these are not to be considered as more than an approximation to 
the limits, nor as relating to the proportions between the heights and diameters of the 
ancient Doric examples, whereof in our First Book we have examined certain specimens. 
This work cannot be extended to a representation of the variety under which the orders 
have appeared in their various examples of each order. The works in which they are 
contained must be consulted for particulars of detail in this respect. Our intention is to 
give general information on the subject, and to follow, with few exceptions, in that respect, 
the [irecepts of Vignola, as tending to the most generally pleasing results, and as l>eing 
also thuMte whicJMiave been adopted on the Continent for general instruction in the art. 

2544. Woj|||i|wlready spoken (2524, et seq.) of the general proportion of the height of 
the cmtalMiiii|nHpthat of the column as one fourth, and, without returning to the discussion 
of the pr4li^^in^)f that proportion, will only here incidentally mention that Scamozzi, Bar- 
baro, AlbW'd, and Palladio have not a.ssigned so great a height to their entablatures, chiefly 
it appears, because they seemed to consider the slenderness of the columns in the more deli- 
cate orders unsuited to the reception of heavy burdens. If, however, the reader vyjjl buMlr in 
recollection what has been said at the lieginning of this section relative to the supports and 
weights, it will directly occur to him that the practice these great masters sanctioned is 
not founded upon just deductions. Chambers seems to have had a glimpse of this theory, 
but without any notion of its developement, when he says, “ It muit be remembered that, 
thpugh the height of an entablature in a delicate order is made the same as in a massive 
one, yet it will not, either in reality or in appearance, be equally heavy, for the quantity of 
matter in the Corinthian cornice A (/?<?. 875.) is considerably less than in the Tuscan 
cornice B, and the increased number of parts composing the former of these will of course 
make it appear far lighter than the latter.” He was, however, nearer the exact truth 
where he speaks in a previous passage of the possibility of increasing the intervals between 
the columns. 

2545. The diminution or tapering form given to a column, whereof all the authors find 
tlie type, whether truly or not, in that of the trunk of a tree, in the ancient examples, some- 
times commences from the foot of the shaft, sometimes from a quarter or one third of its 
height, in which case the lower part is a perfect cylinder. Though the latter method has 
been mostly adopted by modern artists, the former seems more to have prevailed among the 
ancients. Of the method of entasis, that is, of swelling columns as they rise, we have already 
sppken in the First Book (144. >. A curve of diminution, if we may so term it, in which the 
lower part does not much vary from the cylinder, but never much •exceeding its boundary 
for the height of one third upwards, is the best, and to something like that we now come* 
Blondel (Metoluium deu principaux Probkmei tTArehiiteture) sAys, that the best and 
•iin]j^ instrument for the mminution of columns is that invented by Nioomedea for 
desmbing the first conchoid, which, applied at the bottom of the shaft, giv^ by continued 
motion, both the swelling and tbe'dimmution. Vignola had not strictly anticipated Hlondel 
in this method, whtd», it is said, was that used for the oohymns in the Pantheon ; but the 
old master had come so near to it that we ^sliall first describe Vignola*s method, anil then 
tliat proposed by Blondel. Vignola Imvi^ already spoken of the common practice, says^ 
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(Stampam*8 edit. Dei cinque Ordini dC Architettura, Roma, 1770, eap. 7. p. 51.), “ In re- 
tpect of this second mode, it is my own discovery, and will be soon understood by the 
figure, though not so well known as the first named. The measures of the column 
having betti fixed, namely, the height of the shaR and its upper and lower diameters, 
from C {Jig. 876.), draw an indefinite line through D perpendicular to the axis of tlie 
column. From A, the extreme point of the upper semi'diameter, to B, a point in the 
axis, set off CD the lower semidiameter, llirough B from A draw the line ABE, cutting 
the indefinite line CD in £, and from the point of intersection E and thi^ugh thft axis of 
the column draw any number of rays, as EBer, whereon, from the axis the circum- 

ference, setting off the interval CD, any num^r of points aaa may be flpK iPli through 
them a curve being drawn gives the swell and diminution of the shaft. 

2546. 'Diis method is so far defective as to require the curve to be drawn by hand on 
the application of a flexible ruler through the points found. To remedy the defect, Blon- 
del, who on investigation of the curve found it to be a conchoid, applied the instrument 
of Nicomedes for the purpose, the description of which instrument here follows. The 
height of the shaft and the upper and lower diameters of the column having been deter- 
mined, as also the length (fy. 876.) of the line CDE, take three rulers, FG, ID, and AH, 
of which let FG and ID be fastened together at right angles in G. From top to bottom 
let a dovetail groove be cut down the middle of FG, and at E on the ruler ID, whose 
length from the centre of the groove in FG is the same as that of the point of intersection 
from the axis of the column, fix a pin. On the ruler AH set off the distance AB equal 
to the lower semidiameter of the column CD, and at the other end of the ruler cut a slit 
through it from H to K, the length whereof must at least be equal to the difference in 
length between EB and ED, and its breadth sufficient to admit the pin fixed at E to pass 
through the slit, and allow the ruler to slide thereon. Now, the middle of the groove in 
the ruler FG being placed exactly over the axis of the column, the ruler AH in moving 
along the groove will with its extremity A describe the curve AoaC, which curve is the 
same as that produced by VignoWs method, except that the operation U performed by the 
continued motion of the ruler AH. If the rulers be of an indefinite size, and the pins at 
£ wd B be made to move along their respective rulers, so as to be able to increase or 
diminish at pleasure the lengths AB and D£, the instrument will answer for drawing 
columns of any size. 

2547. The diminution of the column as respects quantity is rarely in ancient examples 
leM than one eighth of the lower diameter of the column, nor often more than one sixth, as 
will be seen in the subjoined examples. One sixth is the diminution recommended by 
Vitruvius, and followed by Vignola, in all hb orders, except the Tuscan. In the fbUnering 
table the first column contains the order ; the second, the example ; the third, the height 
of the column in English feet and decimal parte of a fisot ; ihe fourth column shows its 
diameter in similar terms ; and the fifth the ratio of diminudon. Tlre^ dimendams arc firom 
Pcrrault, reduced hero ftrom French to English fiset 





THE ORDERa 




OlAr. 



Hdght or 
Colama in 
XnslkhroM. 

^cSSSim 

WuglUib rmu 

itaUeaf 

OJaatattOan. 



S8‘386 

8*198 

0*200 



24*384 

3*866 

0*077 



88*876 

4*485 

0*182 



• 24*340 

8*109 

0*126 



24*518 

2*909 




62*400 

6*041 

0111 



88*998 

4*710 

0*106 



11*648 

1*466 

0*188 



29*226 

8*109 

0*111 



90*254 

2*487 

0*188 


- 

88*376 

4*796 

0*188 



89*976 

4*840 

0*111 



39*442 

4*762 

0*106 



23*097 

3*435 

0*117 



29*814 

8*642 

0*188 



89*442 

3*632 

0*136 



87*810 

8*653 

0*900 



<i£c 

1*443 

2*102 

2*8n 

0*111 

0*117 

0*117 


Doric 

Ionic 

Corinthian 


Compocitc. 


Theatre of Blarcellui 
Coliieuro 
Temple of Concord, now of Saturn 
Temple ofFortuna Viriiii 
Coliieum 
Temple of Peace 
Portico of Pantheon « 

Altan of Pantheon 
Temple of Vetta 
Temple of the Sybil at Tivoli 
Temple of Fauitlua • 

Temple of the Diotcnii 
Basilica of Antoninua . 

Arch of Constantine - 
Interior of Pantheon • 

Portico of Septimius - 
Baths of Diocletian 
Temple of Bacciius 
Arch of Titus - 
Arch of Septimius Severus 


2548. The recommendation of Vitruvius (lib. iii. c. 2.) to give different degrees of 
diminution to columns of different heights has been combated by Perrault in his notes on 
the passage ; and we are, with Chambers, of opinion that Perrault is right in bis judgment, 
inasmuch as the proper point of view for a column fifty feet high (J!^. 876, unshaded part) 
ought not to be at the same distance as for one of fifteen, the point being removed more 
distant as the column increases in hdght, and therefore the apparent relation between the 
upper and lower diameters would appear the same. For supposing A to be a point of view 
whose respective distance from each of the columns ^ FG, is equal to the respective 
heights of each, the triangles /Ag FAG will be similar; and A/, or AA, which is the same, 
will be to Ap, as AF, or its equal AH, is to AG : therefore^ if de be in reality to 5c as 
D£ is to BCt it will likewise to apparently so : for the angle dAe will then be to the angle 
If Ac, as the angle DAE is to the angle BAC; and if the real relations differ, the apparent 
ones will likewise differ. When, therefore,** observes Chambers, ^a certain degree of 
diminution, which by experience is found pleasing, has been fixed upon, there will be no 
necessity for changing it, whatever be the height of the column, provided the point of view 
is not limited ; but in close places, where the spectator is not at liberty to choose a proper 
distance for his point of sight, the architect, if he inclines to be scrupulously accurate, may 
vary ; though it is, in reidity, a matter of no importance, as the nearness of the object 
will render the image thereof indistinct, and, consequently, any small alteration imper- 
ceptible.** Our author afterwards adds ; ** It must not, however, be imagined that the 
tame general proportions will in all cases succeed. They are chiefly collected from the 
temples and other public structures of antiquity, and may by us be employed in churches, 
palaces, and other buildings of magnificence, where majesty and grandeur of nuiBner should 
be extended to their utmost limits, and where, the composition being generally large, the 
parts require an extraordinary degree of boldness to make them distinctly perceptible from 
the proper general points of view.** 


•Uani VISION or KNTABLATUaXS. 

2549. We have spoken of the entablature as the fourth part of the height of tlie column. 
In general terms, its subdivisions of architrave, frieze, and cornice are obtained by dividing 
its height into ten equal parts, whereof three are given to the architrave, three to the friese, 
and four to Uie oomioe ; expept in the Roman Doric order, in which the whole height of 
the entablature is divided into eight parts, of which two are given to the architrave, three 
to the friese, and three to the cornice. From these general proportions variations have 
been made bv diffhrent masters, but not so great as to call for particular observation. They 
deviate but tittle froni the examples of antiquity ; and the ease with which they may be 
lecoliected render them singularly useful. 

aeons or msasuhinq tub ohdbrs. 

2550. Several metliods have been used fur forming the scale of equal parts, by which the 
ordm are neared ; but they are all founded on the diameter of the column at the bottom 
ofthe shaft; Ibr those that use the module or semi-diameter as the measuring unit (which 
all have done !n the DoHo order ) must still recur to the diameter itselC The authors have 
•lio usually divided it into thiity parts, but all concur in measuring by an unit founded 
cn the diaoMter, We shall follow tlie practice bf Vignola in describing the orders, that 
natter dividing Hm diametW into two p y ei parti^of jwhiefa sadi is the umt of the scale fbr 
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proflliiig the order. The module for the two first orders, the Tuscan and Doric, is divided 
into twelve parts or minutes ; and for the Ionic, Corinthian, and Composite orders^ into 
eighteen p&rts, by which minute fractions are avoided. 

2551. For drawing or profiling^ as it is called, an order, the proper way is to set out tlie 
height of the leading parts and their projections, and then proce^ to the subdivisions ol 
each. Asa genend rule, we may mention that it is usual to make projections of cornices 
nearly or quite equal to theh* heights. 


▲rVLICATIOV or tub ORDKIM. 

2552. Tlie application of the orders among the ancients was exceedingly extensive. 
Porticoes abounded aliout their cities; their temples were almost groves of columns, with 
which also were profusely decorated their theatres, baths, basilica, and other public 
buildings, as were no less the courts, vestibules^ and halls of their private dwellings. The 
moderns have in a great measure imitated their example, and their use has very much 
exceeded the limits of propriety. The maxim of Horace, “ Nec Deus intersit,” has in no 
case been more violated by architects than in the unnecessary introduction of the orders on 
the facades of their buildings. The tesi of fitness being applied to tlieir employment it 
the best that the young architect1|Bn iKlopt. 


Sect III 


TllF TUSCAN ORDFR. 


fig has before him the geometrical representation of the Tuscan 

■ 'tsSfet 



plan of the sofite of the cornice, and 
B is a plan of the capital. The exam- 
ple is from Vignola’s profile, whereon 
we consider it proper to remark, in 
conformity with an opinion before ex- 
pressed (2532, 2533.), that the ovulo 
which crowns the cornice is an im- 
proner moulding for the situation it 
occupies. I'he substitution for it of 
a fillet and eyina recta would have 
been much more suitable, and would 
have also been more pleasant in 
effect. 

2554. ** The Tuscan order,” says 
Chambers ** admits of no ornaments 
of any kind ; oq the contrary, it is 
fometimes customary to represent on 
the shaft of its column rustic cinc- 
tures, as at the Palace Pitti in Flo- 
rence, tiint of the Luxemliourg in 
Paris York Stairs in London, and 
many other buildings of note. Tliis 
practice, though frequent, and to be 
found in the works of many cele- 
brated architects is Not always ex- 
cusable, and sliould be indulged with 
caution, as it hides the natural ft|;ure 
of the column, alters its proportions 
and affects the {dmplicity the 
whole eomposition. There are few 
examples of these bandages in the 
remains of antiqnity, and in general it wUl be advisable to avoid them in all large desigOB^ 
reserving the rustic work for the interoolumniafions where it may be employed with gl4ht 
propriety, to produce an opposition which will help to render the aspect of the wtiole 
composition distinct and striking.** Our author proceeds to observe, that. ** in smatler 
works of which the parts being few are easily comprebended, tliey may be sometimes 
tolerated, sometimes even recommended, as they serve to diversify ferms are produe- 
tivc of strong contrasts and contiUmte vNry cbnsidermbly to the masculine bold aspect of 
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the compoftltion.** Le Clere allows their propriety in the gates of citadels and prisons, 
and also considerB them not out of place fur gates to gardens or parks, for grottoe^ foun- 
tains, and baths Delorme made abundant use of them in seireral j^rts of the Thuilleries, 
covering tliem with arms, cyphers, and other eniichments. Tliey are to be found in the 
detail of the Louvre with vermiculated rustics. De Chambrai, who banishes the Tuscan 
order to the country, nevertheless admits that the Tuscan column may be consecrated to 
the commemoration of great men and their glorious actions, instancing Trajan's column, 
one of the proudest monuments of Roman splendour, as also the Antonine column. 

2555. Having adjusted the sise of the module with its subdivisions of twelve parts, 
so that the paper or other material on which the order is profiled may contain the whole 
of the order, it always being understood that the representation for practical purposes need 
not include the whole height of the shaft of the column, whose minuti» of dnAinution 
may form the subject of a separate drawing, the first step is to draw a perfiendioular line 
fur the aiis of the column. Parallel to the base lines are then to be drawn, according to 
the dimensions (parts of the module) given in the table subjoined; and the beginner, as 
well as the more practised man, is recommended not to set up these as they are given 
separately, but in every case to add the succeeding dimensions to those preceaing rather 
tlian to set them off one by one, which, on a small scale, causes minute errors in reading 
off from the scale to become in the end large in amount. By the adoption also of 
such a practice the work corrects itself as it proceeds. As the heights are set up, the 
projection of each member from the axis of the column is to he set off, and this should 
be alwa)s done dn both sides at the same time, by which gulliny of the paper from 
the point of the compasses, and errors in other respects, are avoided. Thcfg, 878. is 





kut the detaU on a larger jeak of the general njpreseatation exhibited in that preoedicg 
The meamei of each part are given m w following table. 
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on ancient remains. Tlie whole heigbV according to the measuring unit which we have 
adopted from Vignola, is 16 modules and 3 parts. ^ 

2557. Palladio makes the height of his Tuscan column 6 diameters, and diminishes the 
shaft one fourth of a diameter. The height of the base and capital are each half a diameter. 
He provides no pedestal, but, instead thereof, places the base of the column on a soccolo 
or lofty plinth, whose height is equal to the diameter of the coluinn* He leaves the inters 
eolumniation unsettled, merely hinting that as the architraves are of timber, they, the 
iiUercoluoiniatious may be wide. 'Ihe whole height by him assigned to the order ia 9 
diameters and three quarters of the column. The whole height according to our scale is 
19 modules and 6 psrts. 

2558. Serlio makes the column of the order 5 diameters exclusive of base and capital, 
each of which are half a diameter in height, and his diminution is one quarter of the 
diameter. He gives half a diameter to the height of the architrave, and an equal height 
to the friexe and to the cornice. His pedestal is with a plinth and base, a die, and 
cymatium, the wliole being a third of the lieight of the column. Hei||||sves no rules for tlie 
jntercolumniations, though in book 4. he inserts a diagram wherein intercolumns appear, 
merely saying that they are equal to S diameters. The total height according to our 
measure b 19 modules and 3 parts. 

2559. Scamozzi makes the shaft of his column 6 diameters, and diminishes it one fourth 
part of its diameter. The heights of the base and capital are each lialf a diameter. To 
the entablature lie assigns for height one fourth of the height of the column, including its 
base and capital, less half its diameter. He places a sort of triglyph in the frieze, which 
arises from a misconception of the text of Vitruvius. The height of his pedestal b a fourth 
part of that of the column, with base and capital, less half a diameter. The whole height 
in our measure b 21 modules and 9 parts. 


Sect. IV, 

THE DORIC OKDEa. 


2560. The Doric order of the moderns is of two sorts : mutular and denticular, the 
turner b represented in 879, Aba plan of the sofite of the corona ; B, a plan of the 



>^87S. 

capita] ; and C, « plan of tlie bite. In tke fHeze the duumctled projectSona art «||2]od ' 
and the gprnm between tbem iwtqpw, which should b breadth be e<|ua} to their 




85B 


PRACTICE OF ARCHITECriUUE. 


Book IJT. 


Iieighi, wtunh in Uuki of the frieze. The shaft is usually chomieUed with twenty 
Over tlie triglyphs are distributed tnehtki or modillions, and ^mother peculiarity is the 
introduction of gutta or dropst which decorate the sofite of the cornice and tlie feet of the 
triglyphs. 

2561. Daviler, speaking of the two Doric entablatures given by Vignola, admires the 
elegance of th^r composition, and scarcely knows which of them to select m the most 
beautiful. ** The first ” (or denticular), hereafter immediately suldoined* says Chambens 
following that author, ** which is entirely antique, is the lightest, and consequently pro* 
perest for interipr decoration or objects intended for near inspe^oo ; the other, composed 
by Vignola himself from various fragments of antiquity, being Mder, and consisting 
of larger parts, seems better calculated for outside works and places where the point of 
view is either distant or unlimited. On polygonal plans, however, the mutule coniice 
must be avoided, because the soBtes of the angular mutules would form irregular and very 
disagreeable figures : neither should it be employed in concaves of small dimensions, for 
the tame reason ; n«|p in places where frequent breaks are requisite, it being extremely 
difficult, often impossible, to prevent the mutules from penetrating and mutilating each 
other an various unsightly manners; and wherever this cornice is used on a convex surfece, 
the sides of the mutules must be made parallel, for it would be both disagreeable and un* 
natural to see them broader, and consequently heavier in front than where they spring out 
of the mutule band.** We have elsewhere observed that there is very great difficulty in 
distributing the parte of the Doric entablature, on account of the intervals lietween the 
centres of the triglyphs, which necessarily confine the composer to intercolumniationi 
divisible by three modules, thus producing spaces which are often too wide or too narrow 
for his purposes. 



nf.sso. 


SMS. 1q A* B80. the entablature of the nuitular Dntie order la gkvea Ic a bugrv eevU 
tbar. that of the preecding figure; and we suldosn, as in the Tkiscin ordn^ — 
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Mouldings whereof the Paru are composed. 

Heights of 
Mouldings In 
Parts ^a 

Projections 
from Axis of 
Column in Parts 



Module. 

of a Module. 


Fillet of the corona • . . 

1 

34 


Cyma - - - • . 

3 

SI 


Fillet - - - . . 

1 

1 

SI 


Cyma reverse - - - - 

3(» 


Corona .... 


30 

Cornice A, 

Cyma reversa ... 

1 

29.) 

18 parts. 

Mutule .... 

3 

28l 


Drip ... - 

1 

28 


Gutta of the mutule ... 

1 

26 


Echinus, or (piarter round 

2 

1.3) 


Fillet ..... 

4 

o 

11) 


Capital of the triglyph 

11 

Prieze B, I 

Triglyph - - - . 

18 

10.1 

18 parts. 1 

Metope .... 

18 

10 


I/istel ..... 

2 

12 

Architrave C, 

12 parts. 

Capital of the gutta: ... 
Guttae .... 

First fascia - - - . 

4 

6 

114 

114 

lOj 


Second fascia - . . . 

1 4 

10 

D is the plan of a triglyph to double the scale. 



E is 

the plan of the round or square gutta:. 



F i .s 

the elevation of the triglyph and its guttse 




To obviate the difficulties mentioned in 2561. relative to the triglyphs, tlicy have 
often been omitted and the entablature left plain, as in the Coliseum at Uome« the colon- 
nades of St. Peter’s of the Vatican, and in many other buildings. This, says Chambers, is 
an easy expedient ; but as it robs the order of its principal characteristic distinction, the 
remedy is a desperate one, and should only be employed as a last resource. 

2564. The Doric order was used by tlie ancients in temples dedicated to Minerva, to 
Mars, and to Hetcules. In modern building.s, Serlio (lib. iv. c. 6.) recommends it in 
churches dedicated to saints remarkable by their suffering for the Christian faith. Le Clerc 
suggests its use for military buildings. “ It may,” says Chambers, “ be employed in the 
houses of generals, or other martial men, in mausoleums erected to their memory, or in 
triumphal bridges and arches built to celebrate their victories.” 

fC65. As the difllerence between the mutular and denticular Doric lies entirely in. 
the entablature, we give in the following table the whole of tiie details of the order. 



ohnmng, that from the capitals downwa^ the measitrea assigned to them ar^ the 
mine for each. Ftp. 681 . represents the entablature of the denticular D^e and its part% 
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wbioh, with thoM of the capital, base, and pedestal, are in Jig, 882. given to a largei 



Fig. SSS. 

eoale, as we have before represented the parts of the Tuscan order. The general table is 
subjoined : — 


Members composing the Order. 

Heights in 
Parts of a 
Module. 

Projections in 
Peru of a 
Module from 
Asls of Column. 


Entablaturs. 




Fillet of corona • • - 

1 

34 


Cavetto • • • - 

S 

31 


raiet 

1 

26 


Cyma reversa - • • - 

il 

SO 


Corona • • • • 

4 

28i 

A, Cornice, 

Drip « • • • • 

1 

271 

18 parts. 

Fillet • . • • • 

4 

25 


Gutta under the corona • 

1 

241 


Dentil . • • • 

3 

15 


FUlet 

I 

13 


Cyma reversa • • • • 

3 

121 


Ci^ital of triglypt - • • 

S 

11 

B» Friew, i 

r Triglyph . • - 

18 

10| 

ISiiarta. . 

» Metope • • • • 

18 

10 
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1 




Heights in 

Prdections in | 

Members compoilng the Order. 



Parts of a 

Module nroir 





Module. 

Axis ofCol'ULd. 


’ Listel 



2 


C, Aicliitrfcve, 

Capital of guttm 

- 

. 

>1 

11 

|0 parts. 

Giittse 

- 

- 

11 


Fascia 

- 

- 

10 

10 

1 

Column. 






Listel 



1 

15i 


Cyma reversa - 



1 

15{ 


Band - - - 



S* 

14 

D, Cafiital, 

Echinus or quarter round 



13] 

Three annulets 



H 


1 2 parts. 

Neck of capital 



4 

10* 


f Ovolo 


V 

1 

12 


Astragal { Fillet 



i 



[Conge 



u 

10 

ShaI'T of the Column, H modules. 






‘ Apophyge or conge 


. i 

o 

\ 

12 

h, llase, 

1 2 parts. 

Filht - 
Astragal 

Torus 



i 

4 

14 

14] 

17 


Plinth 



6 

17 


Pedestal. 






‘ Listel 



} 

23 

F, Cornice, 

6 parts. 

Echinus 

Fillet - - - 

Coruna 



1 

1 

» 22] 

21] 

21 


, Cyma reversa - 



u 

18J 

Die or the Pedestal, 4 modules. 






Cong^ 



1 

17 


Fillet - 



1 

1 

18 

G, Bose, 

Astragal 



18] 

10 parts. 

Inverted cyma 



2 

19 


Second plinth 



n 

21 


First plinth 



4 

21 i 


2566. Vitruvius, with more clearness than in the others, describes the Dor ip order 
(iHiok iv. chap. iii. ). In order to set out its proportions, he tells us, though not giving a 
direct rule, that its pedestal is composed of three parts, the oymatium or cornice, the die, 
and the base ; and that the base and cimatium are composed of many mouldings, whose 
individual proportions, however, be does not give. He assigns no particular Inm to the 
Doric order; but, nevertheless, places under half a diameter in height the attie base, whose 
members are the plinth, small fillet, scotia, and the upper ti/rus with its superior and inferior 
fillets, together with tim apophyge of the column.^ He gives to the projection of the bast 
a fifth part of the diameter of the column. The height of the shaft he makes of 6 diametert, 
and its diminution a sixth part of the diameter. The eapitars height he makes equal to 
half a diameter, and divide it into three parts, one for the abac^ and its cymatium, 
anmher fijr the echinus and its fillets, the third for the hypotracheliam. To the arohitrave he 
assigns the height of one half diameter of the eoluimi, and to the friexe 50 parts of t^ modu«e 
^semidiameter divided into SO parts), ineludii^ the fascia, fbrming the capital of the tri- 
glyphs. His oomioe consists of SO parts of the module, and its proje^ion 4a Tlie whole 
height wbicb he gives to the order is, in the measure here adopted, 17 modules and 20 parts, 

2567. Fallal makes the Doric pedestal rather to than 2) diameters of the column, 
dividing it into three parts, the base, die, and cymathtm. To the die he assigns nearly a 
diameter and one third of the eolurnn. To riie cymatium a little more than one third of 
Ihe diameter. Hr uses the attic base to the order, but, lor the sake of carrying oflT the 
water, turns the plinth into an inverted cavetto (ffmieia), ending in the prq|eetion of the 
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o^rtnatlum of ihe pedestal. To the shaft of the column he aasi^is various proportions, 
directing that if accom)>anied with pilasters, it should be of the height of diameters, 
and if entirely isolated, 7 or at most 8 diameters high. He cuts the sliaft into 24 Kutes, 
and diminishes it the tenth part of its diameter. The height of his capital is half u 
diameter, and, like the annotators on Vitruvius, lie decorates the neck or friexc, as tJic^ 
both call it, with ruses, adding, however, other dowers, and making its projection a Httie 
more than a 6fth part of the diameter. To the architrave, friese, and cornice he ^ives a 
little more than one fourth part of the height of the column, so that the whole height ol 
bis order is in osir measure *24 modules and a fraction above 24 parta. 

2568. Serlio makes the height of the pedestal of his column a little less than 5 dia- 
meters, with its liase, die, and cymatium. ITie height of tlie die is set up equal to the 
diagoml of a square, formed on the plinth of the column. The height of the cymatium, 
according to the strict text of Serlio, should not be less than that of the base; but lie 
altogether omits any mention of its projection. His base is the attic base, to which ha« 
assigns a projection of a quarter of a diameter. Tlie column is 6 diameters high, and has 
20 flutes. His capital dlfiers only from that of Vitruvius in its projection, which is rather 
more. The architrave and frieze do not much differ from those already descrilied. The 
projection given to the cornice is equal to its height. Tlie whole height in our measures 
amounts to 23 modules and 5 parts. 

2569. The Doric order as described by Scamozzi is not very dissimilar to those already 
described. The pedestal is by him made 2 diameters and a little more than a quarter, with 
a base, die. and cymatium, and the projection barely a quarter of the diameter of the 
column, to which he gives the attic base. His column is 7} diameters high, and the dimi- 
nution a fifth part of the diameter. 'Hiere arc 26 flutes on the shaft, separated from each 
other by fillet^ whose width is one third of the flute, lifts author gives three different 
sorts of capitals for the order : the first has three annulets ; the second has only the lower 
annulet, the two upper ones being changed to .an astragal ; the third, instead of the two 
lower annulets, has a cyma reversa. I.a.stly, alwvc the corona he places a cyma reversa, 
and in the other parts docs not vary much from the preceding authors, cs|)ccially in the frieze 
and architrave, except that in the last he uses two fascias. To the cornice he assigns the 
projection of five sixths of a diameter of the column. His whole entablature is a little less 
thau one fourth the height of the column, including base and capital. The whole height 
of the order in our mea-sures is 23 modules and 8 parts. 

2570. Ill Jiff, 883. the profile of the Grecian Doric from the Parthenon at Athens 
is given, lliough very different to those we have 
already described of tliis order, the resemblance is 
still considerable. Its character is altogether sacred 
and monumental, and its application, if capable of ap- 
plication to modem purposes, can scarcely be made to 
any edifice whose general character and forms arc not 
of the severest and purest nature, 'flie various absurd 
situsiioiis in which the Grecian Doric has been in^ 
trodoced in this country, has brought it into disre- 
pute ; added to which, in this dark climate the closeness 
of the intereolumniations excludes light, which is so 
essential to the display of architecture under the cloudy 
skies with which we arc constantly accompanied in 
hi^h latitudes. 'Hie diameter of the columns in the 
original is 6 foet 2*7 Inches. 

2571. Lest we may be reproached with neglecting 

to submit to the student in this place (and the remark 
equally a}%Kes to the following section on the Ionic 
order) more examples of the Grecian Doric, we would 
here observe that this work is not to stand in place of 
a parallel of the orders. Nothing would liave beem 
easier than to have placed before him on abundance 
of examples; but t^y must be scnigbt elsewhere, 
tnofiiiiich as fho nature of our labours requires general, not i|H»cial» information in 
tills respe^ We have not, however, rerrmned in the first book (142, ti # 09 .) from entering 
into details respecting the Grecian Doric, which we eoneider much more valuable to the 
reader than would be the exhibition of a senes of profl«es of its principal examples. Wf 
nave, moreover, at that place, suggested some critoria of tbesr comparative antiquity. Wt 
do not think the nice copyii^ of a profile into a modern work any other than a disgiaoellil 
exhibition of the want of ability ki the man, we cannot call him artist, who adopts it, and 
shall be much better pleased to leave the student in doubt, so that he may apply hlmailf 
pro m iMdd to the matter prbich calls bis genius Into play. From what wm ^ 

t ^ 
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(25S9y «< M?.)« St mutt be quite clear that the rsiricty of ereiy order* keeping to drat prio^ 
•iplea, hat not been yet exhuitted, neither it it likely to be m. 


Tablb or THE Paeti or the Geeciah I>oeic (Paetbekom). 


r 

----- 

Helshtt Hi 

Pri^ectloiie ftp 

Mcmbcn compotlns the Order. 

Parts of a Mo- 
dule and Ded- 

Parts of a 
Mudtde fWnn 



male. 

Axis of C<diiasf» 


Extablatuee. 




Fillet 

0*60 

22*10 


Echinus . • . • 

312 

20*40 


Fillet, with sunk cyma reversa 

2*20 


A, Comice, 

Corona .... 

4*88 

18*98 

15*.32 parts. 

Fillet • « • • • 

1*10 

18*80 

Capital of mutules ... 

1*10 



Mutules .... 

0*32 

18*66 


Bead and capital of triglyphs • 

2^ 

11*46 

B, Tricse, 

’ Friese (in metope) ... 

15*12 


H-88 parts. 

Triglyph ... - 

14*88 

11*40 


Fillet 

1*50 

12*50 

C, Architrave, 

Cap of guttle .... 

1*00 

12 40 

17*10 parts. 

Gutts .... 

0*20 


Architrave below guttai 

14*40 

11*20 


Coi.UUN. 




Abacus .... 

4*40 

12*90 

D, Capital, 

1 1 *16 parts. 

Echinus 

3 60 

12*60 

Fillets and hollows, with cavetto 

Neck - r 

0*80 

2*20 

9-44 


. Groove or sinking . - - 

0*16 



Shaft 

1 1 at bottom 1 2 00 


First step or plinBi . . - 

6*90 

12*80 


Second step or plinth ... 

6*70 

21*80 


'lliird step or plintli ... 

6*90 

30*84 


257% The minutiae of tlie Grecian Doric, at we have just observed, cannot be given in 
a general work of this nature. In its smaller refinements it requires plates on a much 
larger scale than thii volume allows. The reader, therefore, must be referred to SlfMart*« 
AnHquitki of Athent (original edition), and the publications of the Dilettanti Society, for 
further information on the subject of the Grecian Doric. AH that was here possible was to 
give a general idea of the order. In the figure, £ is the section of the capitids of the inner 
columns of the temple on a larger scale. DD relate to the principal columns. F is a 
section of one of the antie or pilasters to double the scale of the capital. ^ The centre inter- 
eolumniation A ntodulea ^ from axis to axis of columns. The principal Grecian Doric 
examples are —the Parthenon, the temple of Thescu% the propyiwum and the portico of 
the Agora at Athen**. the temple rf Minerva at Sunium; the temple at ^rtn^ ; of 
Jupiter Nemaius, between Argos and Corinth; temple of Apollo and portico or Philip in 
the island of Deloa; the temple of Jupiter Panhelleniut at £gina,and of Apollo Kpicuriitt 
at PhigalU; the two temples at Selinus; that of Juno Lucina and Concord at Agri* 
gcntum ; ^ temple at Egcsta, and the three temples at Psestum. (See H2, H mq, 1 


Sect. V. 

TUB toxic OEDEIU 

3573. Of tht Imde order tbere ate many extant examplaa, both Gfodan and Roman ; 
And, exeapt tht debased Wdtr examples of the latter* there b not tiNit wide difbeiice' 
bNA^een them ^hot exbta betiriMiii the Greeien and Roman Deric. The Ionic has been 
considerad imI AmAaIma* - * 
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Bwm lit. 


tiregulnrity ©f its eapiUl, which, on the return, presents difficulties in use. These 
difficulties m not obrUt^ by the piuc^ce of ^e Greeks, who made an angular volute on 
each extremity of the principal fa 9 ade, and then returned the ihce of the capital. With 
all ^r respect for Greek art, we think the expedient, though ingenious, a deformity ; 
slb^t, in the cm of the type being a timlior architrave, we must admit that the face of tlie 
capital should lie in the direction of the superincumbent beam. 

S574. In the example given (fy. 884.) we have, as in the examples of the preceding 




FIr SSI. 

orders, selected the profile of Vignola as the most elegant of the moderns ; and the reader 
edit here recollect that in the Ionic, Corinthian, and Composite orders, the module or semi- 
diameter of the column is divided into 18 parts. In the figure, A is a plan of the sofite of 
the comice, and B a plan of the capital. Tlie method of tracing the volute will be given 
in a mbsequent 6gure : previous to which, as in the orders already given,, we subjoin a table, 
showing the heights and projections of the parts of the order. 


1 




Heights in Parts 
or a Module. 

Prelections 

Uembers composing the Order. 



from Axis of 
Column In Parti 






of a Module. 

EMTAaLATOaX. 








Fillet of cyma 




u 

46 



Cyma recta 




5 




Fillet . 




i 

41 



Cyma reversa 




S 

401 



Corona 




6 

38 


A, cornice, 

S4 parts. 

Fillet of the drip 
Ovolo 

Astragal 




1 

4 

1 

29 \ 

28 

25 



Fillet 




1 

241 



Dentcl 6llet • 




ll 

21* 



Oentels 




G 

84 



Fillet * 




1 

80 



Pyma ifvfrsa • 




4 

191 







1 






IONIC 


96S 


1 




Heteiitsln nuts 
ora Module. 

— .» — 

rrojeciioas 

1 Keesbers eonipoiing the Order. 


from Axis of 
Cotuinn fn Parts 






oTa Mmittlo. 


Listcl 


m m 

14 

20 

C, Arehitravii,' 

Cyma reverse - 
First fascia 


m m 

3 

71 

iH 

17 

parts. 

Second fascia • 



6 

16 


Third fascia 



“•I 

15 


r Capital on the side 



19 

20 


1 Capital on the couasinet, or cushion 

16 

•n 


COLUMK. 






■ Fillet - 

• 

« m 

1 

20 


Cyma reversa - 

- 

m m 

* 2 

191 


Listel - 

- 

• m 

1 

in 

£. Capital, 

Channel of the volute - 
Ovolo 


3 

5 

l7 

22 

17 parts. 

f Bend 





• 


2 

18 


Astragal { Fillet 

- 


1 

17 


[ 1 Conge, or cavetto 


2 

15 



f above 

m m 

• 

15 


Shaft of the column 

1 


16 mod. 6 parts. 



1 below 

« m 

- 

18 


Apophyge 


m m 

2 

18 

t 

Filk-t - 



u 

20 


Torus - 



5 

22| 


Fillet . 



1 

20l 


Scotia • 


m m 

2 

20 

F. Base, 

Fillet - 


m m 

1 

22 

191 

Two beads 


m m 

2 

281 

Fillet . 



1 

22 


Scotia - 



2 

21 


Fillet . 


m m 

1 

24 


riiiitli 


m m 

6 

25 


I’kokstal. 






Fillet . 


« • 

. i 

85 


Cyma reversa • 

m 

u» « 


34f 


Corona 

m 

• m 

3 

331 

G, Corniee, 

Fillet of the drip 

m 

m m 

1 

i 

30 

1.1) parts. 

Ovolo - 

m 


3 

8^ 

Bead - 

m 


1 

27 


Fillet - 

m 

m m 

1 

861 


Conge 

m 

m m 

>1 

25 


Die, 4 modules 

m 

m m 

l£| 

1 mod. 7. 


Congd 


m m 

2 

25 


Fillet . 


m s» 

1 

27 

H, Base, 

Bead • 


« - 

u 

28 

10 parts* 

Cyma reversa - 


m m 

3 

271 

Fillet • 


m m 

I 

3l{ 


. ninth 


• lUlf, •• 

4 

33 


'I'he flutes in this order ere separeted by a liitsi 

S575. The lettera to the leading divisions of the above table refler to the 885., 
therein the parts are draim to a larger scale, and wherein I is the eye of the vidute, pre* 
•®»tly to be OMcrtbed. 



m. PRACTICK OF A^OHlTKerOllE. fitfiiv irt 



Fig. 8S6. 

257G. #%r. 886. thowi the method of drawing the volute, the centre of wbote eyo, as il 
I sailed, is found fcjr the intersection of an horizontal line from £, tlie bott>m of ill# 




THE K>N1C OUDER. 


M7 


Cha» i ‘ 

ecliinut, with a Tertical frotn D, the extremity the cyma revena. On the of 
intenoction, with a radius equal to one parti deseribe a circle. Its veHioat dlimcter k 
called the caiketMS, and fornM the diagonal of a square^ whose sides are to tie biseotedy and 
through the points of bisection (see l,jf^ S8$.) the axes 3 and 4 are to be dswnif 
each being divided into 6 equal parts. Tlie points thus found will serve ^r drawing the 
exterior part of the volute. Tlius, placing the point of the compasses in the peiqt arith 
the radius 1 D, the quadrant DA is descril^d. With the radius 2A anoHier qpadrant may 
be described* and so on. Similarly^ the subdivisions below the points used for the outer 
lines of the volute serve for the inner lines. Die total height of thq #oIute is 1 6 ])arts of 
a module* whereof 9 are above the horizontal from E, and 7 below it 

2577. Vitruvius, according to some authors, has not given any fixed measures to the 
pedestal of this order. Daniel Barbaro, however, his commentator, seems to think other- 
wise ; and, on this head, we shall therefore follow liim The height of the pedestal is made 
nearly a third part (including its base and cymatium) of the height of the column. To 
the base of the column he assigns half a diameter, and to the shaft itself nearly 8 diameters, 
its surface being cut into 24 flutes, separated by flliets from each oilier, liis njctbod of 
describing the volute is not now thoroughly understood ; and it is, perhaps, of little 
importance to trouble ourselves to decypher his directions, seeing that the mode of forming 
it is derived from mathematical principles, as well understooil now as in the da>s of the 
author. 'Die architrave he leaves without any fixed dimensions, merely saving tliat it 

he larger or smaller according to the height of the columns. He prescribes, however, that 
the atohitrave, frieze, and cornice should together be somewhat less tlian a sixth part of the 
iieight of the column, with its base and capital, 'llie total height he makes tlie order, 
according to our measures, is 25 modules and neailv 9 oarts. 

2578. Palladio gives to the pedestal 2 diameters and nearly two tliirds of the height of 
H (' column. He adopts the attic, though without rejecting the Ionic base, and makes it 
half a diameter high, adding to it a small bead, which he comprises in the height of the 
shaft, which he makes 8 diameters in height. To the architrave, frieze, and cornice, taken 
together, he assigns » little less than one fifth of tlic height of the column, including its 
Imse and capital, and 'makes the projection of the cornice equal to its height. The total 
height of the order, in our ineaattres, is, according to him, 27 modules and nearly 8 parts. 

2579. Serlio, in this order more than any of the others, varies from Vitruvius. To the 
liedcstal he gives, including base, die, and cymatium, a little more than a third part of the 
lieight of the column, with it#, base and capital. To the shaft of the column he gi%es 
7 diameters, and diminislies it a sixth part of its diameter. His capital is that of Vitruvius, 
as far as we can understand that master. His mode of constructing the volute differs from 
other authors. His directions are, that having found the cathetus, which passes through 
the centre of tiie eve, it must be divided into eight parts, from the abacus downwards one 
vvliereof is to be the size of the eye of the volute, four remain almve the eye, and three 
below that part comprised below the c>e. llie cathetus is then divided into six parts 
properly numbered by figures from 1 to 6. W^ith one jwiiit of the compasses in 1, and 
the otlier extended to the fillet of the volute, he describes a semicircle, and so on wifh 
seiiiicircles coiisecutivcly from 2 to 6, which will iiltiinately fhll into the e\e of the volute. 
We cannot speak in high terms of Serlio’s method, and therefore liave thought it unne- 
cess.iry to accompany the description with a figure. It is rather a clumsy method, and we 
fear, if exhibited in a figure, would not satisfy our readers of its elegance. The height of 
bis architrave, frieze, and cornice together is a little 
less than a fourth part of the height of the column, 
including the base and capital. The whole height of 
hi-* order, in our measures, is 25 modules and 6 parts 

2580. Scamozzi directs that the pedestal sliall be 
with its base and cornice two diameters and a half of 
the column. He uses the attic base, and, like Pal- 
ladio, gives an astragal above tlic upi^^r torus. To the 
shaft of the column he assigns a height of little less ^ 
than 8 diameters, and makes its diminution a sixth K 
part of the diameter. He Adopts tlte angular capital, K ^ 
something like the example of that in the temple of ^ 

Furtuna Virilis. The height of his architrave* frieze, ^ 
and oornioe h a UtUe Um tlum a fifth part of the U 
height of the column, witli its base and capital. The 
total lieight of his order* in our measures, is 26 mo- 
difies. 

. Tlie priocipdriM^ of the Grecian Ionic 
the teiQldeft of^lmerva Polias, of Erectheus* 

*md the oquoduet of mdriao, at Atliens; in the 


2|81 
are in 
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Tflot ; of Apollo Didynaiuft ot MUctiit ; tnd of tmall temple on the Ilyomt, nter 
j^theot, whereof in fy, 887. the profile is gtr^ mid b^w, e table of the heights Mid 
projeetions of the parts. It is to be obtenred, thin in the Grecian lonio volute the fillet 
of the spiral is continued along the Bee of the ahaoui, whilst in the Roman esampliii 
H rises firom behind the ovolo. Some of the Athenian examples exhibit a neck below the 
echinus, decorated with fiowers and plants. The entablatures of the early Ionic are 
usually very mmole. The architrave has often only one fascia, the friese is generally plain* 
and the comice m composed of few parts. In Bodi I. Chap. II. (153, €t §eq,) we have 
already examined the pmls of the Grecian Ionic, and thereto refer the r^er. 

Tabue or tux Parts or the Grxciah Ionic ik the Tkmvlx on the Itrssus. 


1 





Heights in 
ParU of a Mo- 
dule and Decl- 

Pr<4««tt(ms la 
Paitsofa 
Module (Irom 

Ifembert compotitif Uie Order. 








male. 

Axis of Column. 


EMTABLATCraX. 







Fillet - • 




restored. 

restored. 


Cyma recta 




restored. 

restored. 


Fillet . 




restored. 

restored. 

Cornice, sup- 

Echinus • 




2*040 

.34*440 

posed height 

Corona • 




6-240 

33*960 

18*33 parts. 

Drip - 




4*680 



Cyma reversa - 




2*700 

20*520 


FUlet . 




0*720 



Echinus • 

m 



1*260 

18*360 


Frieze 

m 



29*901 

17*400 


’ Filet - 

m 



1*920 

30*520 

Architrave, 

Echinus 

m 



2*520 

20*100 

83*66 parts. 

Bead - • 

m 



1*200 

17 880 

Fascia 

m 



27*600 

17-160 


Column. 







f Echinus 




2*040 

19*860 


Fillets, or beads of volutes 



1*050 



Channel 

• 



7*320 



Fillets, or beads of 

volutes 



1*050 


Cspital, lS-32 

Channel 

- 



0*^ 


parts. 

Cathetus 

- 



• ^ 

17*550 

Echinus 

• 



4*650 

18*960 


Bead • 

• 



1*080 

17*250 


Fillet - 

• 



0*450 

15*720 


Congd • 

• 



1*080 



Shaft - 

- 



17mod.7*110 

above 15*360 
below 18*000 


Aponhyffe 

• 



1*080 



Fillet - 

• 



0*450 

18*960 


Bead - 




1*080 

19*.320 

Base, 33*87 

Horizontally fluted torus 
FiUet . 



6*120 

0*450 

22*500 

22*500 

parts. 

Scotia 

• 



6*000 

21*840 


Fillet 

• 



0*450 

23*640 


Torus 

. 



5*760 

24*960 


Plinth 

- 



U-880 

26*520 

The height horn the top of the echinus to the centre of the eye of the volute is 15*7S 

parts. Total projection of the volute from axis of column, 27*90. The flutes arc ellip- 
tical on plan (Jig, 887.), and the distance between aies of columns, 6 mod., 8*94 pti. 


2581a. An I^k capital from ttie celebrauMl Temple of Diana, at Ephesua, can now be 
seen at the British Museum, having been recovered during the explorationt made in 1673 
by Mr, J. T. Wood. The shaft wasfi feet 1 in. diam., and a part of Its base was found fuiltii, 
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Sect. VI. 


THI COEINTMIAN ORDER. 

S582. For tho ComthUui order* we must seek examples rather in Rome than Sn nny part 
of Greece* The portico at Athens, and the arch of Hadrian at Athens, do not ftimisli us 
with specimens of art comparable with the three columns in the Campo Vaccino, Mdnging, 
as is generally supposed, to the temple of Jupiter Stator. Those in the temple near MyU^ 
and the Incantata, os it is called* at Salonica, do not satisfy the artist, as compared with 
the examples in tlie remains of the temple of Mars Ultor at Home, the temple of Vesta 
at Tivoli, and others, for which the reader may refer to Desgodetz. 
ft'iSS. The reader is again here reminded that the module or semidiameter is to be 
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Boolr f U. 


If ember* ooMqpoilxig the Order. 


D, capital, 
42 parte, 
(/y. 89a) 


Sliaft, 

17 modules 
1| part. 


£, base, 
14J parts. 


F, Cornice, 
14} parts. 


Die, 

91) parts 


Of Base, 
14) parts. 


Feuestal. 
f Fillet 

Cjma rerersa 

Corona 

Throat 

Bead • 

Fillet 
Frieze 
^ad 

Fillet 

Cong6 

Die 

Fillet 

Cong6 • 

Bead 

Inverted cjnia r 
Fillet 

Torus • 

Plinth 


Heights In 
Parts of a 
Module. 


B, firiese • ^ 

r Bead 1 snd fillet ) 

Friese, i mod. 7^ parts high - * 

m 


Fillet • • • • • 

1 


Cyma reverse - • • - 

4 


B^d - - - - • 

1 

C, architrave. 

First fiiscia • • • • 

7 

27 parts. 

Cyma reverse - • • - 

2 


S^nd &scia - • • • 

6 


Bead • • • • 

1 


Third fiiscia , - 

5 


• 

COLUMK. 



f Echinus 

• 



Fillet 

• 



Lesser member of aboeus 



Inverted echinus of the bell 



Large volutes - 

• 



Upper small leaves 




XArge leaves - 




, Lower leaves 




Astragal 




Fillet 




Conge 




Shaft /Upper part 




\ Lower part 




Apophyge 

Tillet 




Torus 




Fillet 




Scotia • 




Fillet 




Two beads 




Fillet 




Scotia 




Fillet 




Torus 




Plinth 





Projections 
iVom Axis in 
Parts of a 
Module. 


diagonally 36p 
on plan 33), 


at top, 24) I 
at top, 20) i 
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rtR.t89. 

2584. Fig. 889. shows the details of the entablature, &c. and also the profile and front 
of the Corinthian inodillion to a larger scale. On the profile is shown the caisson or sunk 
panel on the sofite of the corona. The height is sii paks, and the projection sixteen. As 
seen in the figure, a distance equal to three parts and a half is ti^en for the height of the 
smaller volute, and on this distance a scale sixteen equal parts is made ; the figure shows 
the dimensbns to be given to the small squares, whose angles serve as centres to describe 
the curves. Having drawn the line A B, it is ^vided into four equal parts by lines per- 
pendicular to it, which, meeting vertical lines from A and B, give the points, which serve 
as centres for striking the curve of the modilHona. The acanfrius leaf which supports it, 
as well as the curves which form the profile of the roses in the ciusson, are also struck by 
compasses. 

2385. In Jfy. 890., which exhibits the method of drawin|; the Corinthian capital, one half 
of the plan shows the capital in plan, and the other half of it laid down diagonkly* Havmg 
dravm the axis of ^e pUn corre^ndent to the axis the elevation of the eaintal, with a 
radius equal to two modules, describe a circle, which divide Into uxteen equal parta 
Their lines of dhrli^ wlH each correspond to the centre of each leaf The vase of tbs 
capital is detemdaed by a ol«eli whose radius it 14| parts. The future shows the eirclee 
which bound the leaves unwakb on the vaack 
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Above t!ic leaves come the sixteen volutes, whereof the eight larger ones support the foiii 
angles of the abacus, and the eight smaller ones support the flowers which decorate the 
middle of the abactis. The volutes seen in profile may be drawn geometrically with the 
compasses, but they are always more agreeable and easy when drawn by the eye with a 
hand which feels the contours. 

'Die different parts of the capital are as follow : A, plan of the leaves and abacus ; B, 
plan of the larger and smaller volutes ; C, the vase or body of the capital ; D, the first 
tier of leaves'? E, the second tier of leaves ; F, the caulicolus ; G, the larger volute ; H, 
the smaller volute ; I, the flower ; K, the abacus ; L, the lip of the vase. 

2587. Vitruvius is scanty in the information he gives on the Corinthian order, and what 
he says respecting it relates more to the ori^n of the capital and the like than to the pro- 
portions of the detail. He makes the capital only 1 diameter high, and then forms upon 
the plan a diagonal 2 diameters long, by means whereof the four faces are equal accord- 
ing to the length of the arc, whose curve will be the ninth part in length and its height 
the ^enth part of the capital. He forms the order with a ped^l, with base and cornice, 
as Baniel Barbaro would have it The whole height given to it in our measures is about 
27 modules and 2 parts. 

2568. Palladio uses the pedestal with its ordinary subdividons, making it between a 
third and fourth part of the height of the column, including its base and capital. To 
the bsM he gives 1 module, the shaft of the column a little less than 8 diameters, and 
places Iwenty-four flutes upon it, which two thirds downwards are channelled, and on the 
other or dower third neatly fitted with convex piec^ of segments of cylinders called 




Cbaf* h THE COMPOSITE ORDEE. Bll 

than a fifth part the ooluxnn, including the base and eafiital. The whole height given 
io the order by this author is about 27 modules and 10 parts of our measures. 

S589. Serlio makes his pedestal pretty nearly as the rest To the base of the column 
be assigns half a diameter for the height when that is about level with the eye, but when 
much above it he directs all the members to be increased in height accordingly, as where 
one order is placed above another, he recommends the nuipber of parts to be dimi- 
nished. ^ To the shaft of the column he gives a little more than 7 diameters, and to 
^e capital the same height as that given by Vitruvius, whom, nevertheless, he considers 
in error, or rather that some error has crept into the text, and that the abacus ought not to 
be included in the height The height of the architrave, frieze, and cornice he makes a 
little leas than a fourth part of the column, including its base and capital. The whole of 
the order, according to him, is 28 modules and a little more than 1 part of our measures. 

2590. Scamozzi gives to the pedestal of this order the height of S diameters and one 
third, composing it with the usual parts of base, die, and cornice ; to the base of the 
column the same height and mouldings as Palladio. To the shaft of the column he 
assigns the height of 8 diameters and one third, and diminishes it on each side an eighth 
part of its thickness at bottom, llie capital is of the same height as that by Palladio, llie 
architrave, frieze, and cornice he directs to be a little less than a fifth part of the height of 
the column. By our measures the whole height of his order is 30 modules and 20 parts. 


Sect. VII. 

TUI COMPOSITE OanEE. 

2591. The Composite order, as its name imports, is a compound of others, the Corin- 
thian and Ionic, and was received into the regular number of orders by the Romans. 
Philander, in his notes on Vitruvius, has described its proportions and character. Its 
capital consists, like the Corinthian, of two ranges of acanthus leaves distributed over the 
surface of a vase, but instead of the stalks or branches, the shoots appear small and as 
though flowering, adhering to the vase and rounding with the capital towards its 
middle. A fillet terminates the vase upwards, and over the fillet an astragal is placed, 
and above that an echinus, from which the volutes roll themselves to meet the tops 
of the upper tier of leaves, on which they seem to rest. A large acanthus leaf is bent 
above the volutes, for the apparent purpose of sustaining the corner of the abacus, which 
is dissimilar to that of the Corinthian order, inasmuch as the Bower is not supported by a 
Stalk seemingly fixed on the middle of each face of the abacus. The principal examples of 
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the order ere at Rome, in the temple of Bacchus, the arches of Scptimius ScTerus, of the 
Goldsmiths, and of Titus ; also in the baths of Diocleuan. 

2592. Fiff* 891 . (see preceding page) is a representation of Vignola’s profile of the order. 
Its measures are subjoined in the following table i — 


Member! compoiiog the Order. 


Entablaturk. 


A, Cornice^ 
5G parts. 


B, Frieze, 

27 parts. 


C, Architrave, 
27 parts. 


Capital, 
42 parts. 


Column, 
IlGmod. 12 parts. 


£, Base of co- 
lumn,! 8 parts. 


1 Fillet of oomiee 



Cymait^ 

. 



KiUet 

. 



Cyma reversa 




Bead 

• 



Corona 




j Cyma under the corona 


Fillet 

. 



Cyma reversa 




Fillet of the dentils 



Dentils 




Fillet 




Ovolo 




' Bead 




Fillet 




Conge 




Upright face 




Apophyge 




' Fillet 




Cavetto 




Ovolo 




Bead 




First fascia 




Cyma reversa 




Second fascia 





Column. 


r Echinus and fillet 

• 



Lower member of abacus 



Volute 

• 



Bend of upper leaves 




Upper leaves - 




Bend of lower leaves 




Lower leaves - 




Astragal 




Fillet 




Congd 




r Above 

Shaft { 


• 


Below 


• 


• 


• 

• 


Conge 


* 


Fillet 




Torus 


m 


Fillet 


m 


Scotia • 




Fillet 


* 


Bead • 


m 


Fillet 


m 


Scotia 




FiUct 









Heights la 
Parts of a 
Module. 


11 

5 

1 

2 

1 

5 

11 

1 

4 


7^ 

1 

5 


171 

7 

1 

2 

3 

1 

10 

2 

8 


2 

4 
12 

5 
9 
3 
9 

2 

1 

2 


Projections from 
Axis in Parts of j 
a Module. 


51 

51 

46 

45j 

43i 

43 

41 

S3 

82} 

28 

29 

23 

22 

17 

16} 

15 

15 

22 

22 


20 

17J 

17 

16J 

15 


20J 

|diagona%32} 
diagonally 30} 
24 
22 } 

20 § 

19} 


13 mod. 12 parts. 


2 

n 

a 

J* 
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B76 

SMI94. Fig, 892. (scse preceding P^) shows the parts of the entablature. l>ase, and pedestal 
to a larger scale, tuadjlg, 893. gives, similarly, a more intelligible, because larger, represent- 




ation ol the mode of setting up the capital, which, as we have already observed, has only 
eight vo.utes. In this figure A is the plan, as viewed frontwise ; B, that of the capital, 
viewed diagonally ; C, the vase or body of the capital ; D, the first tier of leaves ; £, the 
second tier of the same ; F, the volutes ; G, the flower i H, the abacus. 

^S59S, Vitruvius has not given any instructions on this order; we are therefore obliged 
tsniegtn our parallel, as in the other orders, with — 

^ 2596^ Palladio, whose examples of it are light and much decorated. To th» pedestal's 
wight this master aaingnj 3 diameters and three eightlis of the column, adding to it a 
lo#er plinth of the hei^t of half a diameter. He makes the base of the eolunm half a 
dtoeter *.n height, and aadgns to tlie shaft 8 diameters and a little more than one fourth, and 
outs on it twenty-four flutes. The height of this capital is 1 diameter aii4 * ^ath, his 
volutes being very similar to those he prescribes for his Ionic. The arehitiawi^ IHese, and 
cornice he makes a little less than a fifth part of the height of the cOtunugL llie wlu^ 
hei^t of his profile in our measures is 30 modules and 12 parts. ^ 

2597. Serho seems to have founded his proflle of this order upon the example in the 
Coliseum at Rome. He makes the heieht of the pedestal a little less than 4 dimeters of 
column, /fo the shaft of the column he aasupis 8 dUuKleters and a half To t£e 
iiei^^t Of thO Ci^tai he gives 1 diameter, di|fermg therein ftom hb proflle of the 
Coriothian <frBer m the disposition of the volufol and iMves. His entablature, v^loh b a 

A* ^ At- 
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architrave, and condoe The total height of hie profile in onr meamires ie 32 mo* 
dulee end 9 parts, being much higher than that of Palladio. ,, 

2598. Scf^oz 2 i*s profile greatly resembles that of Palladio. His pedestal is 3 dia* 
meters, and the base of his column half a diameter in height. The shaft of hb TOlumiv, 
without base or capital, b 8 diameters and one twelfth high, and the capital 1 dbmctei 
and a sixth. The entablature is one fifth part of the column in height, and the whole 
of the profile in our measures b nearly 29 modules and 7 parts. 


Sect. VIII. 

PEDESTALS. 

2599. We think it necessary to devote a small portion of our labour to the consider- 
ation of pedestals, on account of the great difference which exbts in the examples of the 
orders, and thb we shall place in a tabular form, previous to the general remarks it will be 
necessary to make. 


Table siiowinq the Height op Pedestals in ancient and modern Works. 




Flinth in 

Mouldings 

above 

Die in 

Comice In 

_ Total 



Minutes. 

Plinth in 
Minutes. 

Minutes. 

Minutes. 

Height in 
Minutes. 

Doric 

Palladio • 

26 

14 

80 

20 

140 

, Scamozzi • 

Temple of Fortune Vi- 

SO 

15 

68| 

221 

136 



rilis 

44 

19) 

93J 

23J 

180J 

Ionic 

Coliseum • 

83J 

94 

8l| 

17 

1411 


Palladio 


HI 

97) 

211 

162 } 


Scamozzi 

SO 

15 

821 

221 

150 


Arch of Constantine • 

171 

29 

153 

291 

228 

Corinthian < 

Coliseum 

Palladio 

23 

231 

lU 

141 

78 

93 

191 

19 

131) 

150 


Scamozzi 

SO 

15 

1321 

221 

200 


■ Arch of Titus 

Arch of the Gold- 

55 

SO 

141 

29 

255 


smiths 

46 

2.'>1 

1441 

25J 

241 

Composite - 

Arch of Septimius Sc- 





verus 

SO 

30J 

1401 

29) 

1821 


Palladio 

33 

17 

133 

17 

200 


. Scamozzi 

so 

15 

1121 

22J 

180 


2600. The minutes used in the above table are each equal to one sixtieth of the diameter 
of the shaft. 

2601. Whether the pedestal b to be considered a component part of an order is of little 
importance* There are so many cases that arbe in designing a building, in which it 
cannot be dispensed with, that we think it useful to connect it with the column and^ 
entablature, and have consequently done so in the examples already given of the sevenf 
orders. Vitruvius, in the Doric, Corinthian, and Tuscan orders, makes no motion 
pedestals, and in the Ionic order he seems to consider them rather as a necessary pan m 
the construction of a temple than as belonging to the order itself. 

2602. A pedestal consists properly of three parts, the base, the die, and fhe comice. 

** Some autl^s,** says Chambers, ** are very averse to pedestals, and compare a column 
raised on a pedestal to a man mounted on stilts, imagining they were first introduced 
merely througif neeeauty, and for want of columns of a sufficient length. ” It b indeed 
true,** he continues, ^ that the ancients often made use of artifices to lengthen their 
columns, as appears by some that are in the baptbtery of Constantine at Home ; the shafts 
of which, being too short fbr the building, were lengdiened and joined to theb bases by an 
undula^ sweep, adorned mik acanthus leaves; aw the same eipedient luuf been made 
nsti of in unofi ftngments whioh were dbebyered a few years ago at Nbme8,<eontiguoiis to 
the t^ple of^ NevartMess, it doDi not seem proper tr comprehend pedestab in 
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the nun her of these artifices, since there are many occasions on which they are eyhiently 
necessary, and some in which the order, were it not so raised, would lose of its 

beautiful apptwranoe. Thus, within our churches, if the columns supporting ^e vault 
were placed immediately on the ground, the seats would hide their bases and a good part 
of thdr shafts ; and in the theatres of the ancients, if the columns of the scene had been 
placed immediately on the stage, the actors would have hid a considerable part of them 
from the audience ; for which reason it was usual to raise them on very high pedestals, 
as was likewise necessary in their triumphal arches ; and in most of their temples the 
columns were placed on a basement or continued pedestal (^sti/lobata)^ that so the whole 
might be exposed to view, notwithstanding the crowds of people with wliich these places 
were frequently surrounded. And the same reason will authorise the same practice in our 
churches, theatres, courts of justice, or other public buildings where crowds frequently 
assemble. In interior decorations, where, generally peaking, grandeur of style is not to 
be aimed at, a pedestal diminishes the parts of the order, which otherwise might appear 
loo clumsy ; and has the farther advantage of placing the columns in a more favourable 
view, by raising ".heir base nearer to the level of the spectator’s eye. And in a second order 
of arcades there is no avoiding pedestals, ns without them it is impossible to give the 
arches any tolerable proportion. Sometimes too, the situation makes it necessary to 
emp’oy pedestals, an instance of which there is in the Luxembourg at Paris ; where, the 
body of the building standing on higher ground than the wings, the architect was obliged 
to raise the first order of the wings on a pedestal, to bring it upon a level with that of the 
body OT corps de logis of the building, which stands immediately on the pavement.” 

2603. The dies of pedestals are occasionally decorated with tablets or with sunk panels 
whose margins are moulded ; Imt, generally speaking, such practices are to he avoided. 
In very large pedestals the surface may be thus broken, as in single monumental columns, 
which, at best, are but paltry substitutes for originality. Habit has reconciled us to view 
with pleasure tlie Trajan and Antoninc columns, the monument of London, and the co- 
lumn of Napoleon in the Place Vendorae at Paris, in each of which the pedestals are 
ornamented in some way or other, so as to tell in some measure the story of the person 
in whose honour they were erected, or, as in the basso-relievo of the London column, the 
event which it records. But care must be taken when inscriptions are used to preserve 
a rigid adherence to truth, and not to perpetuate a lie, as n as the case in the monument 
just named, against a most worthy portion of the people of the British empire. 

2604. As respects the employment of pedestals, we should advise the student, except 
under very extraordinary circumstances, to avoid the use of them under columns which 
arc placed at a distance from the main walls of an edihee, as, for example, in porches 
peristyles, or porticoes, — a vice most prevalent in the Elizabethan architecture, or rather 
tlie cinque-cento period, which the people of this day are attempting with all its ab- 
surdities to revive. Here we must again quote our author, Sir William Chambers, 
whose excellent woik wc have used above, and on which we shall continue to draw largely. 

With regard,” he says, “ to the application of pedestals, it must be observed, that 
when columns are entirely detached, and at a considerable distance from the wall, as 
when they are employed to form porches, peristyles, or porticoes, they should never be 
placed on detached pedestals, as they are in some of Scamozzi’s designs, in the temple 
of Scisi (Assisi) mentioned by Palladio, and at Lord Archer’s house, now I^owe’s hotel, in 
Covent Garden ; for then they indeed may be compared to m6n mounted on stilts, as they 
have a very weak and tottering appearance. In compositiohs oi tliis kind, it is general 1) 
best to place the columns immediately on the pavement, which may be either raised on p 
continued solid basement, or be ascended to by a flight of fronting steps, as at St. Paul’s, 
and at St George’s Bloomsbury ; but if it be absolutely necessary to have a fence in the 
intcrcolumniations, as in the case of bridges or other buildings on the water, or in a scconc. 
order, the columns may then, in very large buildings, be raised on a continued plinth, as i i 
the upper order of the western porch of St. Paul’s, which in such case will be sufficiently 
high : and in smaller buildings, wherever it may not be convenient or proper to place the 
balustrade between the shafts, the columns may be placed on a continued pe^eataj^ as the^ 
are in Palladio’s designs for Signor Cornaro’s house at Piombino, and at the viHa Arsicri, 
near Vicenza, another beautiful building of the same master.” The same author continues ; 

** The base and cornice of these pedestals must run in a straight line on the outside Clirough* 
out, but tlie dies are made no broader than the plinths of the columns, thelntervals between^ 
them being filled with balustei^s, which is both really and apparenUy lighter than If the 
whole pedestal were a continued solid.” Ihe author quoted then proceeds to caution Ihe] 
student against tlie employment of triangular, circular, and polygonal pedestals, and ibcht!^ 
as are swelled and have their die in the form of a baluster, or are liurroundcd by einetures. ' 

These extravagances were rife in the age of Louis XV„ but notwithstanding the seal of" 
the jobbing upholsterers and decorators the present day, who are the curse of all archie 
teclural art, we hope they will nevaf be permanently revived in country, thoughwit^ 
bitroduction has already proceeded id n considerable extent 
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INTERCOLUMNIATIONS. 

2605. An intereoliimniation is the clear distance between two columns measured at the 
lower diameter of their shafts, lliis distance must depend principally on the order cm- 
ployed ; in the Tuscan, for example, the nature of its composition allows a greater width 
between columns than would be admissible in the Corinthian order, independent of what 
lias already been stated in Sect. II. (2524, et seq,) in respect of supports and loading; and 
this because of the enrichments of the several orders requiring that they should take their 
departures (to use a phrase borrowed from another science) from the axes of their re- 
spective columns. The ancient names (which are still preserved) of the different inter- 
col umniations are described by Vitruvitis in his second and fourth books. They are — the 
jnjcnoBtyle^ wherein the space between the columns is 1 diameter and a half, as its etymology 
from irvK¥os and ervKos imports (thick in columns), an intercolumniation used only in the 
Ionic and Corinthian orders; the systyle ((rv(rTvA. 09 , with columns a little more apart), 
wherein th6 interval between the columns is a little greater ; the euatyh (cvctvAos, or well- 
contrived interval), wherein the intercolumnuition is of 2 diameters and a quarter ; the 
dinatyle (iioffrvKoSt with a more extended interval between the columns), having an inter 
coluinniation of 3 diameters ; and tlie araoatyle (apaioffruKoSt with few columns), wherein 
the interval is 4 diameters. In 'tlie Doric order the triglyphs necessarily regulate tie 
i II tcrcol umniations, inasmuch as the 
triglyph should full over the axis of 
the column ; hence the intcrcolumnia- 
tions in this order are either systyle 
monotriglyph (that is, with a single tri- 
glyjih in the intercolumniation), or 
1.J diameter; diastyle, or of 2J dia- 
meters ; or arjBOstyle, which will make 
the interval 4 diameters, as will be 
immediately understood on refer- 
ence to Jiy. 894. ; wherein A is the 
sysytle monotriglyph intercolumnia- 
tion of 3 modules ; B, that of the dia- 
style, or 6 modules ; and C, the araso- 
style, or of 8 modules. The inter- 
columniation marked D serves for Fig. sgi. 

the application of coupled columns, wherein the rule seems necessarily to be that the space 
between the columns may be increased, so that the requisite number of supports accord- 
ing to the order and intercolumniation is preserved. 




Fig. 896. 

2606. THmWvals of the Tuscan order are indicated m/p. 895., wherein A shows the 
intercolumniation called eustyle of 4J modules ; B, the diastyle of 6 modules ; and C, the 
afaeostyle oC 8. D, of 1 module, is the space of coupled columns. 

The intetcolumniirtions in this order are scarcely susceptible of rules other than those we 
liaveandicated in our'|irevious discussion on the ordewi generally in Sect. II. (2623, e< se^,), 
wherein we have entered pn the subject at such length that we reftram from saying more 
Ih this pla^ We may, however, observe, that tjbin el^ifilicntion of the principles there 
mentioned are so intimately feonnected with this section, ibtl the separation of one from the 
>rould det^roy all our schetpe for keeping the stiidfaft itt the right path. Ilereafrer 
^luciples in question wBl be applied to and tested ^ aroadidi 
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2t»07. In fig, 896., of Ionic inter- 
columniations* A is the eustyle 
rangement ; B, that of the diastyle ; 

C, Slat of the araeostyle ; and D, tliat 
of coupled columns. 

2608. Fig, 897. is a similar ap- 
plication of the intercohunniations to 
the Corinthian order» wherein also A 
exhibits the euslyle ; the diastyle ; 
and C, the arieostyle intervals: D 
also showing the space used of 1 mo- 
dule fbr coupled columns. 

2609. Sir William Chambers, for 
whose observations we have much 
respect, — and, indeed, to whose va- 
luable labours we acknowledge our- 
selves much indebted, — seems to have 
had A distant glimpse of the doc- 
trine of equal weights and supports, 
but knew not exactly liOW to jus- 
tify his notions on Jhe subject. He 
therefore avoids the main questioiihby 
attributing the pyCnpstyle intelM- 
iumniation rather tO ‘t^ecessity than 
choice : observing, that ** as the ar- 
chitraves were composed of single 
stones or blocks of marble, extending 
from the axis of one column to that 
of another, it would have been diffi- 
cult to 6nd blocks of a sufficient 
length for diastyle intervals in large 
buildings.** But this is a reason al- 
together unsatisfactory, inasmuch as 
we know Uiat tliey Were sufficiently 
masters of masonry to Iiave opnquercd any such difficulty. We are much more inclined to 
agree with him when be says l^iuways, however, reverting to the principle of equal supports 
and weights), “ With regard ^ the arajostyle and Tuscan intercolumniations, they are by 
much too wide either for beauty or stren^h, and can only be used in structures where 
tlie architraves are of wood, and where convenience and economy take place of all other 
considerations : nOr is the diastyle suffieieptly solid in large compositions.** These consider- 
ation^ however, znay be always safely referred 'to the doctrines laid down in Section II. 
of this Chapter, already alluded to ; and, indeed, that reference ie justified by the instruc- 
tions of Vitruvius in the second chapter of his third book, wkprein he directs that the 
thickness of tlie column should be augmented in an enlarged^plOrftolufnniation : as, fur 
example, Supposing the diameter of a column in the pycnoStyfe Species to be taken one 
tenth of the height, it should in an ara^ostyle be one eighffi ; arguing, that If in an arsE^ostylo 
the thickness of the columns exceed not a ninth or tenth part of their height, they appear 
too slender, and in the pyonpstyle species the column at one eighth of ils height is clumsy 
and unpleasant in appearand^ Upon this passage Chambers observes, *< that the intention 
of Vitruvius wm good, but Ibe means by which he attempts to compass it insufficient. 
His design was* to strengthen the supports in proportion as the Intervals between them 
were enlarge ; yet according to the method proposed by hiin this oamiOi be efifected, 
since one necessary consequence of augmenting the diameter of the i6^nm is enlar^png the 
intercoluuu)iation proportkmably. Palladio and Scamoszi have however admitted this 
precept^ as literally just, and by their manner of applying it have been guilty of ver^ con- 
siderable absurdity.** We are not at all inclined to admit the tru^'of the bpinmn of 
Chambers { for, again reverting to the doctrine of the supports and loadii^, which was un- 
known to him, it is to be remembered that increase in the space of the mtereclumniation 
imihediatel^r involves increase of weight in the load or ent^ature, 0»d therefore seems 
to demand increase of diameter to the supports. Palladio and Scamoszi were not there- 
fore guilty of the absurdity laid to their charge. 

2ttl0. Among the other reasons for our adopting the practice of Vignola is that hC has 
observed so much uniformity in ins intercolmoniationi, except of *the Doric (nrdasi whercbi 
the triglyphs prevent it, aware as we are tihat the precsi^pilias by many able writers been > 
much condenmed. Chambers even says that bis pradfei^ this respect Is preferable to 
egy other, as it aiders perfectly the intention of VltruviyChreservet the chamtor of.each 

aimor (tn/1 mA<nfASn« in nil am Amt a] ** 
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$6|f|. With the excq;>tion of the Done order, wherein the 'most pet feet mrangement of 
die detail resets from thf interval prpdueed by the ditriglyph, there can be po doubt that, 
abstractedly considered, the diastyle and eustyle intercolUmniations are very convenient 
in iitfe, aiia tney be employed oi\ most occasions, except, as just mentioned^ in the Doric 
order. , 

3613. In setting out the intervals between columns especial care muiA be tajeen that the 
centres of modillions, dentils, and mother oman^nts in the entablature fall over the axes of 
the columns. It is on this accoupt that Vig^ia gives about two diameters and a third to 
the intervals in all the orders except the Done, instead of two diameters and a quarter, aa 
required by Vitruvius; an al^ration which removes the difficulty and greatly simplifies the 
rules. 

2613. Cases from many circumstances often occur where greater intercolnmnlations 
than the eustyle and diastyle are too d^row fqr use, and the moderns, headed by Pcrrault,^ 
have adopted an interval which that master ha$ Called arceosystyle. Tins disposition is 
obtained withppt infringing on thq law of weights and support^ to which we have already 
so often alluded. In it the columns are cpupledt as shown in the preceding figures, the in- 
terval being formed by swo systyle intercoluiimiations, the coli/mn separating them being, 
as Chaml>ers observes, ** approached towards one of those at the extremities, sufficient room 
being only left between them for the projection of the capitals, so that the great tij^cC is 
diameters wide, and the small one only half a diameter.^ One of the finest ex- 
amples of this practice is to be seen in the facade of the l<ouvre, (see^p. 176.) which in 
many respects must be considered as the finest of modern buildings, llie objections of 
Hlondel to the practice are not without some weight, but the principal one is the extra 
expense incurred by it; fur certain it is that it requires nearly double the number ‘of 
|columns wanted in the diastyle, besides whieh it cannot lie denied that it causes eon- 
Ikderable irregularities in the entablatures of the Doric, Corinthian, and Composite orders, 
ttiich, however, are not apparent in the other two It is, nevertheless, so useful in cases 
Jr difficulty which constantly arise, that we should be sorry to exclude the practice alto* 
gether, though we cannot recommend it for unlimited adoption. 

3614. A great many expedients have been employed to obviate the irregularity of the 
modillions in the Corinthian and Composite orders, arising from the grouping of columns. 
W^, on this head, agree with Chambers, whose instructions we subjoin in his own words : 

The simplest and best manner of proceeding is to observe a regular distribution in tliC 
entablature, witliout any alteration in its measures, beginning at the two extremities of the 
building, by which method the modiliionswill answer to the evCry other column, 

and l>e so near the middle of the intermediate ones, that the* difference will not easily be 
perceivable. The only inconvenience arising from this practice is, that the three central 
intercolumniatiuiis of the composition will be broader by one third of a hiodule than is 
necessary for eleven modillions: but this is a very tricing difference, easily^ divided and 
rendered imperceptible if the extent be anything considerable.'* In the Doric order, the 
grouping of columns is not so easily managed, and therein our author recommends tiie 
expedient employed by Palladio, in the Palazzo Qiiericato, and in the Basilica at Vicenza. 
In the last-named, the coupled columns are only 31 minutes apart, thus making the space 
between the axes 3 mpdides and 21 minutes, that is, 6 minutes beyond the breadth of a 
regular metope, and 2 halfitriglyphs. To conceal thg cxcfsiH .the triglyplis are St minutes 
broad, and their centres are carried 1 minute witliin the axis of the column, and the 
metope is 3 minutes broader thag the others, 'fhese small difibrences are not perceptible 
without a very critical and close examination > of the distribotion. In this arrangement 
the attic base of Palladio should be emoloyed, because of i|c small projection, and the 
larger intercolumniation piuat be aia^style. 

3615. Intercolumniations should be preserved of equal width in all peristyles, ^lleries, 
portjeoes, aud the like ; but in loggias or porches, the middle interval may be wider then 
the others by a triglyph, a ntodilliop or two, and a few dentils, that is, if"^ere be no 
Coupled columns at the angles nor groupings with pilasters, in which eases all the other 
intervals should be of the same dimensions. It has been observed by Blondel, f^Mt on 
dceasjioiu where sevbllid rotvs of columns are used, as, for instance, in the curved colonnades 
of the piazza of St Peter's, the columns ought as much as possible to be in striugbt lines, 
because etherwise the arrangement can only be understood by viewing it from the centre of 
the figure employed. The observation is well worth the studentp consideration, for the 
resulting effect of a departure from this rule, as Chambers has properly observed, is 

nothing but eonfusion tp the spectator's eye from every point of view.** The • same 
autho|r pondempa, and with justice, tlmugh in a smaller degree, the use of ** engaged 
pilastera or half columns placed behind the detached columnc of single, circular, ova), -or 
Mygo^ peristyles,* aa may hekapen in ^thoso pf Burlington House. Wherefore,** be 
my^ ««in building of that kiia^^wilV perhaps be best to Jpoorate the back wall of the 
peri^yle with wlndoari or .niaima only,** . Wo can hOrdlv fpppose it here nepefsary Up 
thq a^nst^lie ufo qf ^aterocdumuiatipi^ wkbout reference rp tlie absohtm 
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sIm of them x they mint not be lets than three even in tmmll buildings, beoente, at 
Willbrn Chembers seriously says, ** there u not room for a fat person to pass between 
them.** ^ ^ 

S61 6. Before leaving the subject which has fomished the preceding remarks on inter- 
columniations, we most earnestly recommend to the student the re-perusal of Section 11 of 
this Book, llie intervals between the columns have, in this seetioii, been considered m.ira 
with regard to the laws resulting from the lUstribution of the subordinate parts, than with 
relation to the weights and supports, which seem to have regulated the ancient practice i 
but this distribution should not prevent the application generally of the principle, which 
may without difficulty, as we know from our own experience, be so brought to bear upon 
it as to produce the most satisfactory results. We may be perhaps accused of bringing a 
fine art under mechanical laws, and reducing refinement to rules. We regret that we 
cannot bind the professor by more stringent regulations. It is certain that, having in this 
respect carried the point to its utmost limit, there will still be ample opportunity left for 
him to snatch that grace, beyond the reach of art, with the neglect whereof the critics are 
wont so much to taunt the artist in every branch. 


Sect. X. 


ARCADES AND ARCHES. 

An arcade, or series of arches, is perhaps one of the most beautiful objects at- 
iacHni^ to the buildings of a city which architecture affords, llie utility, moreover, of 
arcades In some climates, for shelter from rain and heat, is obvious ; but in this dark 
climate, the inconveniences resulting from the obstruction to light which they offer, seems 
to preclude their use in the cities^lC England. About public buildings, however, where 
the want of light is of no importance to the lower story, as 
in theatres, courts4>f law, churches, and places of public amuse- 
ment, and in large country seats, their introduction is often 
the source of great beauty, when fitly placed, 

2618. In a previous section (2524.) we have jptken of 
I Lebrun’s theory of an equality between the weighiphnd sup- 
' ports in decorative architecture : we shall here return to the 
subject, as applied to arcades, thoi^h the analogy is not, per- 
haps, strictly in point, because of the dissimilarity of an arch to 
a straight lintel. In fp. 898. the hatched part AEMFDCOB 
is the load, and ABGH, CDIK the supports. The line GK 
is divided into six parts, which serve as a scale to the diagram, 
the opening HI being four of them, the height BH six, NO 
two, and OM one. From the exact quadrature of the circle 
being unknown, it is impossible to measure with strict accu- 
racy the surfime BOG, which is necessary for finding by sub- 
traction the surfime AEMFDCOB ; but using the common 
method, we have 
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AD X A£ — to that surface ; or, in figures. 


6x3- 


4x4x«78ft4 


a 1 - 72 . 


Now the suports will be IK x IC x 2 (the two piers) ■■ the piers ; or, In figures, 

1x6x2 •> 12-00. 

That is, in the diagram the load is very nearly equal to the supports, and would have been 
found quite so, if we could have more accurately measured the circle, or had with greater 
nicety constructed it. But we have here, where strict mathematical precision is not our 
object, a sufficient ground for the observations which follow, and which, if not founded on 
sometliing more than speculation, form a series of very singular accidents. We have ebosen 
to illustrate the matter, by an investigation of the examples of arcades by Vignola, because 
we have thought his uifiers and arcades of a higher finish than those of any other matter ; 
bql tenting th4} ^t^pothesis, which we intend to carry out by examples from Palladio, Sea- 
mjy/ and thp great makers of our art, not contemplated by Iiebrun, the small 
mwences, instead of throwing a doubt upon, seem to confirm it. 

12^9. In ftp, 896. we will now carry, tho-efore, tbe considemtion of the weights and 
supports a step frirther than Lebrun, by comparing them with the void space mey eur* 
round, that is, the opening HBOCIy and here we have the reetengle x HI, 

tbet 4w24, end the semiclmle BOO equid, asdlmvt, Then 

§« 46*2S«w50*28 is the area of the wbide vdid, and the weight and suyport beliig 11^24 
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] 2i« 28*72, are a little more than two thirds 4he areas of the whole roidt a pr o port io n 
wliich, if we are to rely on the approval of ages in its application, will be Ibund near the 
limits of what is btfintiful. 

2620. We shall now refer to the examples of Vignola alluded to ; but to save the repe- 
tition of figures in their numbers, as referred to, each case is suppos^ in what immediately 
follows as unconnected with the entablatures which they exhibit, it being our intention to 
take those into sqwliate consideration. 



Flg.8»9. 


Fiff. 000. 


2621. Suppose the Tuscan example (Jiff, 899.) without an entablature, weliave the 

Supports, 9*75 x 3 ■■ 29*25 

llie whole of rectangle above them, 4*25 x 9 *5 >■40*375 
Less semi-arch, ^ ^ a, 1 6 *6 

23*775 

53*025 solid parts. 

The area of the void is 16*6 + 9*75 x^*5 =»79*97, whereof 53*025, the portion of solid 
parts, is not widely different from two thirds. 

In Vignola's Doric example, (Jiff, 900. ), again without the entablature, we have 


Supports, 10*5 X 3*0 ■« 

The whole rectangle above them, 5*5 x 1 0*0 55*00 
Less semi-arch, 19*24 


31*50 


35*76 

67 *26 solid parts. 


The area of the void is 1 9*24 + 10*5 x 7 — 92*74, whereof 67*26, the portion of solid parts, 
is not much different fVom two-thirds. 

In the lonio example (Jiff, 901.), still without considering the i|if|pblature, the following 
will result ; — 

•Supports, 12 64 X 3*32 '«• / 41*96 

Tha whole rectangle above them, 10*88 x 5*78 « 62*88 

- . . 7*58 X 7*66 X *7854 

Less semi^areh, s — — —22*44 

IS ^ — 40*44 

<ss oorreoted)* , 82*40 solid parts. 

Tie WM of the edd ]| 88-44 +W4 x 7-46- lir%9, whwwrf ,8-40, die podton of 
Id parts, diffors Ihtie in amouni from two thirds of the void, 
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In the Corinthian example (fy. 902. ), not taking intp consideration the entablature, tlie 
following is the result * — 

Supports, 14*11 X M *55 = 50 09 

The wliole rectangle above them, ll'SS-x 5 *88 = 66 *52 
Less semi-arch, 76>08M _ 23 *65 

«:32*97 

83*06 solid parts. 

llic area of the void is 23*65+ 14 *U1 x 7*76*= 133*15, whereof 83*06, the portion of 
solid parts somewhat less than two thirds of the void, 

2622. Tlic result which flows from the above examination seems to be that, without 
respect tp the entablature, the ratio of the solid part to that of the void is about *666. 
llednng this in mind, we shall next investigate the ratio of the supports and weights, con- 
sidering the enJtabl^ature above the arcade as a part of the composition ; and still following 
Vignola, whose examples, as we have above stated, do not so much differ from those of 
other Rasters as to make it pecessary' to. examine those of each, we will begin with that 
architect*8 Tuscan arcade, without pedestals, exhibited in Jig, 899. on the preceding page. 
In this example, from centre^ tO centre of pidr. 

The whole area, in round numben, 17*5 x 9*5 • - - - 166*2 

Area of semi-arch, ^ — 

llectapgle under it, 9*75 x 6*5 


' Kittablature, 9*5 x3*5 ; - 

Leaves for the supporting partf 

In this example, therefore, the su^orting parts are 53, those supported 33, afid the 
voids 79. The ratio between the solid and void parts *9, and the ratio of the supports 
to the weights is *62. ' . 

Itie distance between the axes of the columns is 9 moiiiules and 6 parts ; the height of 
the semi-arch, 3 modulet and 3 parts ; and between the crown of it and the under mde bf 
thf'jl^itr^e is 1 module; the whole height, including entablaittrcf, 'being 17 modu^ 
h«]ll " ^ 


- - 16*6 
- - 63*3 

Tcvtal vpid, therefore, —79*9 
86*3 

- - 33 * 2 ' 

• - . 5iaMi 
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26^. Following' the nine’ general metfadd, we' ehbmit the Dorie made (Jffi Mk) 
without pedestaL Meaeuring, aa before* from centre to centre of pier% 


The whole area, in round numbers* 20*2 x 10 
Are. of Mmi-sfeb . 

• • • 1202*0 
*19*2 ' 

Rectangle under it, 10*5 x 7 

-73*5 


Total void, therefore* — 92*7 

Entablature* 10 x 4*2 • • . 

1C»*3 

42*0 

Leaves for the supporting parts 

67*3 


In thia example* therefore, the aupportlng parta are 67* those supported 42* and the 
voids 92. The ratio between the solid and void parta is *85* and the ratio of the supports 
to the weighu is !}•■ *63. 

The distance between the axes of the coltxnms is 10 modules, the height of the semi-arch 
is 3 modules and 6 parts, and between the crown of it and the underside of the architravo 
is 2 modules ; the whole height, including the entablature, being 20 modules 3^ parts. 

2624. The Ionic arcade, without pedestal, is shown in Ji^. 901. The measurements* 
as above* from centre to centre of pier* 


The whole area, 22*64 x 10*88 in round numbers • • —246*3 

Area of semi-arch, — - • — 16 1 

Rectaitgle under it, 12*64 x 7*1 

• 

- -89*7 



Total void, therefore, —105*8 

Entablature, 10*88 x 4*8 

• 

T405 

52*2 

Leaves for the supporting parts 

- 

• - - 88*3 


Hence, in the example, the supporting parts are 88, those supported 52, and the voids 
105 1 so that the ratio of the voids to the solids, in this order* is *8* and the ratio of the 
supports to the weights does not materially differ from the other orders, being (fa *6. 

The distance between the axes of the columns is 10 modules 16 part^ the height of the 
semi-arch is 3} ipodules 3 parts, and between the crown of it and the under side of the 
architrave is 2 modules ; the whole height, including the enUblature^ being 22 modules 
1S| parts. 

2625. 902. represedts the Corinthian arcade without pedestfd. The measurement, 
as before* is from centre to centre of pier. 

The whole area, 25*2 x 1 1 *33, in round numbers • • « 288*5 

_ 23-6 

Rectangle under it* 14*11 x 7*76 m 1 09*5 

Total voids, therefore* m 133 *1 

155*4 

Entablature* 10*36 x 5*6 58*0 

Leaves for the supporting parts • . • . 97*4 

In the Corinthian example* therefore, the supporting p^urts m 97* those siqiported 58* 
hnd the voids 133. The rhtio between the solid and void parts ■> *8, and the ratio of the 
supports to the weights ^The distance between the axes of the columns is 

11 modules and 6 pi^ height of the semi-uch is 3 modules 16 parts* apd between 
the crown of it and the under side of the architrave is 2 modules 8} parts; the whole 
height* including the entablature* being 25 modules 3) parts. 

2626. The laws laid down by Chambers for regulating arcades are as follow 1 « The 
void or aperture of arches should never 'be much more in height nor much less thmn 
double foeir width ; the* breadth of the pier should foldom exieid two thirds, nor be less 
than one third of the width of the arch* seeording to the ehareel«r of the oompoeition* 
and the angular piers should be broader than the rest by one hil( one third* or one fourth. ** 

• • •** The height of the impost should not be more tlm one eeventh* nor need it ever be 
leas than CMfo!: ninth of the iridth of thsaperture* and the archivolt must not be more than 
one eighth npr less than one tenth thereof The breadth of the eonsdle or mask, which 
■erv^ 4 kCy to the arch* should at the bottom be cc^ to that of ^4 arehivolt, and 
its udes must m drawn from the centre of the "areh. The length Ihert^ ou^t not to 
be less tfom one snd a half of ita bottonLbreadth* nor more then double.'* 
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V 2627* Xho fatioB thilt haVe beesi deduced by oomj^ng the void and solid parts* If there 
be any reason in the considerations had« show that this law of making arches in arcades ol 
the height of 2 diimeters js not empiricfdi the following being the results of the use of the 
^tios in the arcade without* and that with pedestal, of which we shall presently treat Xhui 
In the 


DiamCCen* DtaineteiV 


Tuscan arcade without pedestal. 

18-5 height 
"6-5 width 

- 20 ; 

with pedestals,^"* i ‘94 

Doric arcade without pedestal. 

140 

7 

- 2*0 

— ^ S - 2*00 

Ionic arcade without pedestal, 

15*83 

TTO 

- 2 * 2 ^ 

- ^ S « 2-00 

Corinthian arcade without pedestal. 

18-00 

-2*3 

- J^-2-08 


2628. In the examples of the arcades with pedestals, we sliall again repeat the process by 
which the results are obtained, first merely stating them in round numbers. Fiy, 903 is a 
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XuscM arcade from VignoWs example* as will be the following ones. In this the whole 
area is 306, omitting fractions, the area of the voi^ is 1 56* that of the entablature 50, 
wid the supports ICXX ^JThe ratio of the support^ part (the entablature), therefore, 
is *5, and the* suppc^ and weights are very nearly ec^ual to the void The height of 
tl^ pedeatal' is ahnost S iaddnles and 8 parts, the opening 9 modules 6 parts, and the 
width of the whole pier 4 aiodules and 3 parts. 

The detail of the abo4e result is as foUowf . 

The whole area, 22*d<^ijt Is *75 • • • • «S06*62 

Area of semi^arch, SS*43 

Below that. 12*75 x 9*5 V » 121 12 

Total voids, therefore, « 156*55 

150*07 

Entablature, 13^5 x 3*66 • • • ' • • «s 50*32 

T tnr «tunM»tinir oarts • • « 22*75 
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It will be eeen that we have taken the numbers in the preoedlnc paragraph without supply- 
ing strictly the decimal parts that arise from the muldplicathm and subtraction of the 
several portimis coinpa^* The coincidence of the h3rpothesia with the apparent law is no 
less remarkable in this example than it will be found in those that follow ; and, scep- 
tical as we at first were on the appearances which pointed to it, we cannot, after the ex- 
amination here and hereafter given, do otherwise than express our conviction that, in carry- 
ing out the principle^ i|o unpleasant combination can result. 



2629, ETp. 904, exhibits the Doric arcade, whose whole area from centre to centre of 
columns is 374. The area of the void is 189, that of the entablature 62, and of the sup- 
porting parts 1 12* The ratio of the entablature to the supports is therefore *55, and 
that of the supports and weights to the voids *9. The height of the pedestiu is almost 
5 modules and 4 parts, the opening 10 modules, and the width of a pier 4 modules and 
9 parts. 

As in the preceding example, wc think it will be useful to detail the process 1^ which 
the general results stated have been arrived at It is curious and interesting to observe 
the similarity between the cases. It is scarcely po^ble to believe that accident eouki 
have product it May not the freemasons of the middle ages bfN bad some lews of thia 
nature which guided their operations ? But we will now preeei d ito the calculation* 

The whole area, 25-4 X 14*75 - • . - • •374 65 

Ar*«of,eim-arch, 39-27 . ' 

Below that, lOOx 15*0 • w 150*00 *, • 

Total voids, jj)^r«fov% • •189*S7 

183‘38 

Entablaturi^ 24*75 X 4*25 • • • • • • 62*68 

Iieavea for supporting parts 122*70 

Herein, ae before, the general result in the preceding peragraph has been given t|t roiird 








B6oi iit 

mumbeHt that the mitfd l»f the' reader may net dbtraeted frdm ihe general propfi^ioni. 
'llie detail again corroborates tlie hypotb^ls, as in the pr^edihg subsection Was px^icated, 
and the further we proceed, as will be presently seen, its truth becomes more manifest. 



Fig. 90ft. 


Vb.iO. Tlie Ionic arcade with a pedestpl is shown in Jig. 905, The whole area is 448 
between the axes of the columns; that of the void, 228. The entablature’s area is 73, 
and the supporting parts 146. ITie ratio, therefore, of the load to the support' is •5» 
and supports and weights are very nearly equal to the void. The height of the pedestal is 
6 modules, the opening 11 modules, and the width of a pier 4 monies and l2 parts. 

Once more returning to the detail on which the above proportions are based, and which 
in this as in the following example we think it better to supply, oliserving, as before, that 
the numbers above stated are given roundly, we shall have in the Ionic arcade, 

mole area, 28*66 X 15-66 * . - - - *=448*81 

Area of aemi arch, .a 47-01 i 

' Below it, 16-5x11 - » -181-50 

9 ' ' — I 

^ Total area of voids, therefore, « 228 *51 

, 220*30 

Entablature, 15*66x4*7 » 73*50 

Xeaves for supporting parts • . ^ • • • 146*80 

Whence it will be seen that the round numoers first given are shown to be sufficiently 
accurate for exemplification of the law, and that the further we examjne the hypot, bests the 
more closely we find it connected vdth the theory oT weights'and loads that has oK^cupied a 
very considerable portion of. this Book, and which we hope may* not havq hqd the 'Effect tf 
exluutsting the reader's patience. We trust we shall have his pardon for pursuing the course 
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Fiff. 906. 

S6dl. Fig. 906. is an arcade with pedestals of the Corinthian order. Its total area !• 
528, that of the Toid 284, the area of the entablature 84, and that of the supportinf 
parts 159. Hence, the ratio of the load to the support is *52, and the supports and 
weight are equal in area to the void within a very small fraction. The height of the 
pedestal is 64 modules, the opening is 12 modules wide, and the width of a pier is 
4 modules and 9 parts. 

We here close the curious proofs of a law whose existence^ we believe, has never been 
suspected by modern architects. It was clearly unknown to Rondelet, and but for the 
wdrk of Lebrun already quoted, we might never have been led to the investigation of it. 
That author himself, as we believe, did not entertain any notion of it. 

In the Corinthian arcade with pedestal we have 

Whole area, 32 X 16*5 ------ e528*CX) 

Area of semi-arch, ** 56*05 

Below it, 19 X 12 - «.228*00 

Total area of voids, therefore, ■> 284 *05 

243*95 

Entablature, 16*5 X 5*09 84*10 

Leares for supporting parts - • • - - 159*85 

Thus, again, the law seems to be home out, and to prove that the assumptions wo have 
been nuking are nof those of empiricism. 

2632. in Jig, 907. are collect^ the imposts and arehivoUs used in the areatfes of the 
different orders. 

w .(Jl 




Fie. 907. 


2633. We are not of the opinion of Sir William Chambers in respect of the arcades 
irhich Vi^ola has given ; that author had not, we think, critically examined their compo- 
sition, and we confess we do not think his own examples are improvements on those of the 
master in question ; but we are willing to admit that in the examples of arcades with 
pedestals they would have been much improtad by assigning a greater height generally 
to the plinths of the pedestals which are, doubtless much too low, and might be well 
augmented by adding to them a portion of the dbts of the pedestals 

2634. Great as is our admiration of Palladio, ire do not think it necessary to say more 
relative to his arcades than that he has given onjj designs of arches with pedestals, and 
that their height is from one and two thirds to tw» and a half of their width. His piers 
are generally 3f modules except in the Composite order, wherein they are 4} modules. 

2635. Scamozsi makes his Tuscan arch a little less than double its width, increasing the 
height gradually to the Corinthian arch with pedestals to nearly twice and a half the 
wimh. He diminishes his piers as the delicacy of the order increases his Corinthian 
piers being only 3} modules in width. We do noS however, think it necessary to dwell 
longer on thb part of the subject, and shall close it by observing that the impost of the 
arch should not much vary from half a module in l^ight, and that the width of the 
archivolt, which should touch the shaft of the column or pilaster in the geometrical eie« 
vation, at its springing, is necessarily prescribed by the width of pier left after sutring out the 
column upon it Where columns are used on piers their projection must be such that the most 
prominent member of the impost should be in a line with the axis of the column on the 
transverse section. In lonut Composite, and Corinthian arcades, however, it may project 
a little beyond the axis of columns, to avoid the disagreeable mutilations which are 
otherwise rendered necessary in the capitals. Arcades should project not less than their 
width from the front of the wall which backs them.” With r^rd to ftieir interior deco* 
ration,** says Chambers, ** the portico may either have a flat ceiling or be arched in va» 
rious manners. Where the ceiling is flat, there may be on the backs of the piers, pilasters 
of«the same kind and dimensions with the eolui^^ on their fronts ; facing which pilasters 
there must be others like them on the back wall of the portico. Their projectidn as well 
as that of those against the back of the piers be from qtie sixth to one quarter of their 
diameter, lliese pilasters may support a continued entablature, or one interrupted and 
running across the portico over every two pilasters to form ooflTers ; or the srehitrsve and 
fricse only may be continued, while the cornice alone is carried across the portico over thi| 
pilasters as before, and serves to form compartments in the ceiling, as is done in the vestibule 
^ the Massini palace at Rome, and in the great stable of the King’s mews, near ChaHng 
Cro$i,”^oo longer in ekistence, having been destroyed to make way on its ^te ^ the 
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giTen thi! name of National Gallery. Cbatnbert thua continues : — Where the por^eo 
js arched, either with^ a semi-circular or elliptical vault, the backs of the piers and the 
inner wall of the portico may be decorated with pilasters, as is above described, supporting 
a regular continued entablature, from a little above whi^ the arch riiould take its spring, 
that no part of it may be hid by the projection of the cornice. The vault may he enricheil 
with compartments of various regular figures, such as hexagons octagons, squares, and 
the like, of which, and tlieir decorations, several examples are given among the designa 
for ceilings.” Of these we shall hereafter give figures in the proper place. ** But when 
the vault is groined, or composed of fiats, circular or domical coves, sustained on peo- 
Jentives the pilasters may be as broad as are the columns in front of the piers, but they 
must rise no higher than the top of the impost, the mouldings of which must finish and. 
serve them instead of a capital, from whence the groins and pendentives are to spring, as 
also the bands or arc$-doubleaiix which divide the vault.** 

2636. In the examples of arcades, we have followed those given by Chambers, as ex- 
hibiting a variety which may be instructive to the student, and at the same time afford 
hints for other combinations. 908. is one of the compositions of Serlio, and is ait 



Fig, 908. Pig. 909. 


expedient for arching in cases where columns have been provided, as in places where the 
use of old ones may be imposed on the architect The larger aperture may be from 
to 5 diameters of the column in width, and in height double that dimension. The 
smaller opening is not to exceed two thirds of the larger one, its height being determined 
by that of the columns. Chambers thinks, and we agree with him, that this sort of dis- 
position might be considerably improved by adding an architrave cornice or an entablature 
to the column, by omitting the rustics and by surrounding the arches with archivolts. U 
is not to be inured, because this example is given, that it is inserted as one to be followed 
except under very peculiar circumstances. Where an arrangement of this kind is adopted, 
care must be used to secure the angles by artificial means. 

2637.^ Fiff. 909. is given from the cortile of the castle at Caprarola by Vignola, a struc- 
ture which in the First Book of this work we have (346. ) already mentioned. The height of 
the arches is somewhat more than twice their width, krom the under side of the arch to 
the top of the comice is one third of the height of the arch, the breadth of whose pier is 
equal to that of the arch, and the aperture in the pier about one third of its breadth. 

^ 2638. A composition of Brainante, executed in the garden of the Belvedere at Rome, is 
given at 910. The arch in height is somewhat more than twice ita widt^, and the 
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bradtb of the pier equal to the opening. dividing the latter into tvelve parts we 
aave a measure which seems to have prevailed in the mind of the architect, inasmuch as 
two of them will measure the parts of the pier supporting the archivolts, four the space 
for the two columns, two for the intervals between the niche and the columns, and four for 
the niche. Half the diameter of the arch measures the height of the pedestal ; the columns 
are of the height of ten diameters, and their entablature one (|uarter of the height of the 
columns. The impost and archivolt are each equal to half a diameter of the column. 

26S9. Fig, 911. is an example whose employment is not uncommon in the designs of 
Palladio, and was considered by our great countryman Inigo Jones to be worthy of his 
imitation. The arch may be taken at about twice its width, and the pier not less than 
one nor more than two thirds of the width of the aperture. 



2640. The example in Jig. 912. is from the hand of Vignola, and was executed for one 
of the Borghese family at Mondragone, near Frascati. In it the arch is a little more 
in height than twice its width, and the breadth of the pier columns supporting the arch 
includes a little less than the width of the arch itself. We are not quite satisfied in having 
here produced it as an example, though, compared with the following one, we scarcely 
know whether we should not on some accounts prefer it. 

2641. The last, example (Jg. 91 3.) is one by that great master, Palladio, from the basilica 
at Vicenza. From the figure it is impossible to judge of its beauty in execution, neither 
can any imitation of it, unless under circumstances in every respect similar, produce the 
sensation with which the building itself acts on the spectator ; yet in the figure it appears 
meagre and nothing worth. We can therefore easily account for the conduct of the critics, as 
they are called, who, never having seen this master's works, indulge in ignorant speculations 
of the pictorial effects which his compositions produce. Though not entirely agreeing 
witli Chambers in his concluding observations on arcades and arches, we may safely 
transfer them to these pages. “ The most beautiful proportion,” he observes, “ for com- 
positions of this kind is, that the aperture of the arch be in height twice its vridth ; that 
the breadth of the pier do not exceed that of the arch, nor be much less ; that the small 
order be in height two thirds of the lar^e columns, which height being divided into nine 
yarts, eight of them must be for the height of the column, and the ninth for the height of 
the architrave cornice, two fifths of which should be for the architrave^ and^ three for thw 
cornice. The breadth of the archivolt should be equal to the superior diameter of the 
small columns, and the keystone at its bottom must never exceed the same breadth.” 


Sect. XI. 

OEDEaS ABOVE oapEJiS. 

2642. Vitruvius, in the fifth chapter of his 3)ook ** On the Fornm and BaiiUB%** In both 
which species of buildings it is well known that orders above orders were emptoyodt thus 
instructs his readers: — ** The upper columns are to be made one fourth lees than those 
oelow” (quarta parte minoree quam infkriores nmt congtihtenda)^ ** and that because the latter, 
being loaded with a weight, ought to be the stronger ; because, also, we should fbUow the 
practice of nature, which in straight-growing trees, like the fir, cypress, and pum, makes 
the thickness at the root greater than it is at top, and preserves a gradual ^minution 
throughout tlieir height. Ikus, following the example of nature, it is rightly ordered that 
bc^es which are uppermost should be less than those below, both in respeoi^ of height and 
thickness. ** His curious that the law thus given produces an exactly similar result to that 
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laid dotm by Seamosii, p* 2. lib. v. cap. ii., whereon we shall have more prescr <1/ to speak. 
Oalliani, Chambers, and others have considered the above-quoted paasage of Vitruvius in 
connection with another in chap. viL of the same book, which treats of the portico and other 
parts of the theatre, wherein the author states, after giving several to this question unim- 
portant details, “ The columns on this pedestal** (that of the upper order) ** are one fourth 
less in height" (quarts parte minores aUUudine sint) ** than the lower columns.** The reader 
will here observe the word altitudine is introduced, which does not appear in the passage 
6rst quoted ; and we beg him, moreover, to recollect that the last quotation relates entirely 
to the scene of the ancient theatre, in which liberties were then taken with strict architec- 
tural proportion as much as they are in these later days. Those who think that because 
Vitruvius interlarded his work with a few fables, he is therefore an author not worth 
consulting, as ephemeral critics have done in respect of that great roaster of the art, Pal- 
ladio, may opine we have wasted time in this discussion ; but, adopting the old maxim of 
Horace, “ Non ego paucis offendar maculis,** we shall leave them to the exposure which, 
with the instructed architect, their own ignorance will ultimately inflict on them, and to 
the enjoyment of the felicity attendant on a slight knowledge of the subject a person is in 
the habit of handling. 

2643. We will now place before the student our own reading and explanation of the 
passage of Vitruvius relative to the use of orders above orders, and attempt 
to show what we conceive to be its real meaning. In fig. 91 4. the diagram 
exhibits an Ionic placed above a Doric column : the entablature (which 
however does not belong to the consideration) being in both cases one 
fourth of the height of the column. Inasmuch as in our previous rules 
(following Vignola) it will be recollected that the module of the Doric 
order is Subdivided into twelve, whilst that of the Ionic is subdivided into 
eighteen parts, we must, for the purpose of obtaining an uniformity of 
measures in both orders, reduce those of either to the other to obtain si- 
milar dimensions. Instead, therefore, of measuring the upper order by itself, 
which would not afford the comparison sought, we shall have to reduce 
its established measures to those of the lower one, or Doric, and this, as 
well as the measurement of the lower order itself, is taken in modules and 
decimal parts of its semidiameter. Thus, the lower order being 2 modules 
at its bottom diameter and 1 *666 modules at its upper diameter, the 
mean, without descending to extreme mathematical nicety, may be taken 
at 1*833, which multiplied by the height, 18 modules ■=» 82*994, the area of 
a section through the centre of the colunm. Now if the upper columns 
are to be the same thickness at the bottdm as the lower ones are at the top, 
that is, 1 *666 module of the lower order, their upper diameters will be 1 *387 
(that is, five sixths of the lower diameter), and the mean will be 1 *.526, 
which, multiplied by 16, the height, 24*416 the area of a section down 
the centre of the column, and just one fourth less than that df the lower 
column. The investigation tends to show us that we should not lightly 
treat the laws laid down by Vitruvius and his followers at the revival of 
the arts, for we may be assured that in most cases thty are not empirical, 
but founded on proper principles. We cannot, however, leave this point 
without giving another reason, which is conclusive against Chambers's 
construction of the passage ; it is, that supposing the upper column’s lower 
diameter to be the same or nearly so as the lovTer column’s upper diameter, 
if the fourth part had relation to the height instead of the bulk, we should have had thei 
absurdity in the illustration above given, of an Ionic column in the second order only 
six and three quarters diameters high, whilst the lower or Doric is nine diameters in height. 

2644. Scamozzi, we doubt not, thought as we have expressed ourselves on this subject, aud 
^ve here translate the words he uses in the eleventh chapter of his sixth book (second part). 
** Hence it is more satisfactory, and they succeed better and are more pleasing to the eye, 
when these columns (the upper ones) are made according to ^leir proper d^nution, sa 
that the lower part of the*upper column may be just the thickness of the upper part of the 
lower one, and so from one to the' other, as may be seen in the Ionic order of the Theatre 
of Marcqllus and other edifices ; and this is the reason and natural cause that it is the same 
as though out of a long and single tree the shafts were cut out one after the other.” 

2645. The laws of solidity seem to require that where more than one order is used, the 
strongest is to occupy the lower situation ; thus the Doric is placed on the Tuscan, the 
Ionic on the Doric, the CorinthiAn on the Ionic, and the Composite on the Corinthian ; 
though, with respect to the last, we find examples of importance wherein the reverse has 
been the ease. Two tiers of columns should not be of the same order, neither should an 
intermediate order be omitted ^ such, for instance, as placing the Ionic on the Tuscan 
column, or the Qarinthian on.the I^ric; for by this practice many irregularities are 
hitroduced^ espemdUy fo the det^le of tiM metobers, > 
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9548. Frontwise the axes of the upper and lower columns must be in the same t^^rdcal 
plane, but viewed in flank this is not absolutely necessary ; they should not, however, deviate 
too much from it. In the theatre of Marceilus the axes of the upper columns are nearly a 
foot within those of the Doric below them ; but circumstances required this, and there is 
no great objection to the practice if the solidity of the structure be not lessened by it. 
Chambers observes that the retraction should never be greater than at the theatre of 
Marceilus, where the front of the plinth in the second order is in a line with the top of the 
shaft in the first When the columns are detached, they should be placed centrally over 
each other, so that the axes of the upper and under ones may form one continued line, by 
which means solidity is gained as well as a satisfactory result to the eye. As to the false 
bearings of the bases of the upper order on the profile, this is a matter neither really aflfect- 
mg stability nor the appearance of the design. 

2647. In England there are not many examples of orders above orders, while on the 
Continent the practice has not been uncommon ; but it is always a matter of great difficulty 
so to arrange them as to avoid irregularities where triglyphs and modillions in the same 
design meet in the composition. We have used the figures of Chambers for our illustration 
here, because they are nearly coincident with the rules of Vitruvius and Scamozzi, and we 
•hall now place them before the reader, observing that the irregularities alluded to are 
almost altogether avoided. 
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2648. 915. exhibits the Doric over the Tuscan order. The intervals A, B, and C 

are respectively 2J, 4J, and 6J modules ; A', B', and C', 3, 5^, and 8 modules of their 

order. The entablature of the lower orde# is 81 niodules, the column, including base 
and capital, being 14 modules high , and the entablature of the upper order is 4 modules 
high, the column with its base and capital being 16 modules in height. 

2649. The distribution of the Doric and Ionic orders is given in Jtp. 916., wherein tbw 
intervals A, B, and C are respectively 3, 51, and 8 modules ; D, *7 module ; and A', B', C', 
and D' respectively 4, 7, 10, and ^ modules. The Ddric order in this example is 20 
tnodules high, whereof 4 are assigned to the entablature ; the Ionic 22 modules high, 
whereof 4 lielong to the entablature. 

2650. In^p. 917. is represented the Corinthian above the Ionic order; the int^vals 
A, 1^ C, D are respectively 5, 6, 7, and 1 modules, and* Aiose of A', B', C' D' respectively 
6*4, 7*6, 8 '8, 1*6 modules ; the lower order is 22^ modules high, 18 being gbren to the 
column with its base and capital; atid the upper or <^rinthbui^rd4r is 24^ modules high, 
whereof 20 belong to the height of ^ cdkium, including its base and capital. 

2651. The last (/p. 918.) is of the Cotintbian order abcn^ and Cknxiposite below. In ' 

the lower order the intervals A, B, C, D are 4}. 6, 7> •ad'^f^modules, respeotivelya and 
A't B't C',and D', in the upper order* 6, 7*6, 8*8, and ^Aodite refepeotiVel|^ The 
whole height of the Corinthian order is 25 modules, whereof 5. are given to^lha entablature; 
the Compmte order here is 24} modules, of which 20 belong to the coluam, Inolud^ Ube 
base and capital. ’ ^ { 

2652. We insert the observations of Chambers relative to the above^mr flftures. whieh. 
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as we have adopted them, shall be in his own words. ** Among the intercoluraniations 
tliere are some in the second orders extremely wide, such as the Ionic interval over the 
Doric ars90style ; the Composite and Corinthian intervals over the Ionic and Composite 
areeost^le, which, having a weak meagre appearance, and not being sufficiently solid, 
excepting in small buildings, are seldom to be suffered, and should seldom be introduced. 
The most eligible are the eustyle and diastyle for the first order, which produce nearly 
the diastyle and araeostyle in the second.** Speaking of the use of pedestals in orders 
above orders, the author thus proceeds: — ** Many architects, among which number are 
Palladio and Scamozzi, place the second order of columns on a pedestd. In compositions 
consisting of two stories of arcades this cannot be avoided, but in colonnades it may and 
ought ; for the addiUon of the pedestal renders the upper ordonnance too predominant, and 
the projection of the pedestal’s base is both disagreeable to the eye and much too heavy a 
load on the inferior entablature. Palladio, in the Barbarano palace at Vicenza, has placed 
the columns of the second story on a |dinth only, and this disposition is best ; the height of 
the plinth being regulated by the point of view, and made sufficient to expose to sight the 
whole base of the column. In this case the balustrade must be without either pedestals or 
half balusters to support its extremities, because these would contract and alter the form 
of the column ; its rail or cap must be fixed to the shafts of the columns, and its li^se made 
level with their bases ; the upper torus and fillet of the colunms being continued in the 
intervsl, and serving as mouldings to the base of the balustrade. The rail and balusters 
must not be clumsy ; wherefore it is best to use double«bellied balusters, as Palladio has 
done in most of his buildings, and to giv#1^ rail a very little projection, that so it may 
not advance too far upon the surface of the column, and seem to cut into it. In large 
Buildings the centre of the baluster may be in a line with the axis of the column ; but in 
small ones it must be within it, for the reason just mentioned. The height of the balus- 
trade is rS^lated in a great measure by its use, and cannot well be lower than three feet^ 
Bbr shQuloit be higher than three and a half or four feet Nevertheless, it must neces- 
sarily bear some proportion to thd rest of the architecture, and have nearly the same relation 
to ithe lower order, or whatever it immediately stands upon, as when a balustrade is placed 
thereon chiefly for Ornament, ^^erefbre, if the psrts are lar^, the height of the balustrade 
must be augmented, and if they are small it must be dimini^ed ; as is done in the Casino 
et Wilton, where it is only two feet four inchea high, which was the largest dimeomm that 
could Imgtven to it in so small a building. But that it m^ht, notwithstmiding its lowness, 
ansWer tlm intended purpose, 4he pavement of the portico is six inches lower than the liases 
of the columns, and on a level wHh the bottom of the plat-band that finishes the basement ** 
We must hero leave thii Wbject, recommending the student to an intimate acquaintance 
with the vaiiotif Biam pi es H dt M been ciecut^ aod fttrtber advising him to test each of 
the empnides tMif may feU ttadhr his notice by the pfehunples firm adverted to in tlUs section, 
<a the omp erfi# means of arrivinff at a aatyhotory result* 
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Sect. XII. 

AECADEI AMOftE ARCADEE. 

il653. Ai the duDosition of one arcade upon another U, under certain regulations, subject 
to the same laws drVoids and solids as the simple arcade of one story, which has formed the 
subject of a previous section, we shall no further enter into the rules of its combination 
than to offer a few general ol^rvations on the matter in question ; and herein, even with 
the reproach of a w^nt of origil|ii|dity, we shall draw largely on our much-qitoted author, 
Chambers, whose language and wgures we are about to use. So sound, indeed, is the 
doctrine of Chambers in this respect, and so well founded on what has been done by, those 
whom we consider the greatest masters, that we should not be satisfied without transferring 
his dicta to these pages, and that without any alteration. 

2654. “ The b^” says Chambers, “ and,‘ indeed, the only good disposition for two 
stories of arcades, is to raise the inferior order on a plinth, and the superior one on a 
pedestal, as Sangallo has done at the Pallazzo Farnese ; making both the ordonttonces of 
an equal height, as Palladio has done at the Basilica of Vicenza.** 

2655. ** Scaxnozzi, in the thirteenth chapter of his sixth book, says that the arches in the 
second story should not only be lower, but should also be narrower, than those in the first; 
supporting his doctrine by several specious arguments, and by the practice, as he says, of the 
ancient architects in various buildings mentioned by him. In most of these, however, the 
superior arches are so fiir from lieing narrower, that they are either equal to or wider than 
the inferior ones. In fact, his doctrine in this particular is very erroneous, entirely con. 
trary to reason, and productive of several bad consequences ; for if the upper arches be 
narrower than the lower ones, the piers must of course be broader, which is opposite to 
all rules of solidity whatever, and exceedingly unsightly. The extraordinary breadth of 
the pier on each side of the columns in the superior order is likewise a great deformity ; 
even when the arches are of equal widths it is much too considerable. Palladio has, in the 
Caritd at Venice, and at the Palazzo Thiene in Vicenza, made his upper arches wider than 
the lower ones, and I have not hesitated to follow his example ; as by that means the 
weight of the solid in the superior order is somewhat diminished, the fronts of the upper 
piers bear a good proportion to their respective columns, and likewise to the rest of the 
composition.** 

2656. " In a second story of arcades there is no avoiding pedestals. Palladio has, 
indeed, oniitted them at the Carita, but his arches there are very ill proportioned, llie 
extraordinary bulk and projection of these pedestals are, as before observed, a considerable 
defect ; to remedy which in some measure they have been frequently employed without 
bases, as in the theatre of Marcell us, on the outside of the Palazzo Thiene, and that of the 
Chiericato in Vicenza. This, however, helps the matter but little ; and it will be best to 
make them always with bases of a moderate projection, observing at the same time tc 
reduce the projection of the bases of the columns to ten minutes only, that the die may be 
no larget than is absolutely necessary ; and in this case particular care must be taken not 
to breEk*the entablature over each column of tlie inferior ord^r, because the false bearing 
of the pedestal in the second order will by so doing be rendered far more striking, and in 
reality more defective, having then no other support than the projecting mouldings of tlw 
inferior comice. There is no occasion to raise the pedestals of the second order on a 
plinth, for as they come very forward on the cornice of the first order, and a* the point 
of view must necessarily be distant, a very smsill part only of their liases will be hid fron^ 
the eye. " 

2657. ** The bldustrade must be level with the pedestals supporting the columps ; itE 
rail or cornice and base must be of equal dimensions, tod of the same profile with theirs. 
It should be contained in the arch and Set as far back as possible, that the form of the arcli 
may appear distinct and uninterrupted fipora top to bottom ; for which reason, likewise, the 
cornice of the pedestals must not rkurll nor profile round the piers, which are to be con- 
tained in straight perpendicular lines frdm the imposts to the bases of the pedestals. Thf 
back of the rail may either be made pUun or sunk into a panel in form of an open surbase, 
for to it will be most convenient to lean upon, add H should be in a|ib^ with or somewhat 
receioed within the backs of the piers. The back ptot of the baluMrade may be adorned 
with the same moulding as the bases of the pienC pipvided they have not much projec- 
'tion i but if that should be considerable, it will ^ beU to use only a plinfh crowned with 
the two upper mouldings, that so the ap|poach may t^emaip the more free^** 

9658. Ill ^.919. is a Boric above U TuMtt arcade, firom the example given bf 
Chambers, whereon, before giving the dkdension^ Of,the different partly we sboli mer<fly 
observe of it that the voids or arctoes tfaethSeivei iittik round numbers td tiu^ imlldSaS*i9o 
to 205, being vastly greater. We are inclined t<l think that the voids in this case are rather 
too great in volume, and that, had they been reduced to one half their height exactlyt the 



L 


ARCADES ABOVE ARCADESi 


691 


pt-uportions would hare been Bomewhat morp pleasing^ It la 
true that a tridlng irregularity would have' been introduced 
into the triglypha of the upper order, or rather the metopn 
between them; that might hav^Jten easily prodded a^inst 
by a very tridihg alteration in the^eight of the fiieze itself. 
This fault of making the voids too Targe pervades Chambers’s 
examples, and but that we might have been thought too pre- 
suming we should have slightly altered the proportions, little 
beir^ requisite to bring them undef ' the laws which we have 
thought to be founded on reason and analogy. We have indeed 
throughout this wqrk refrained from giving other than approved 
examples, preferrihg to confine ourselves to observations on 
them when we have not considered them &uUless. 

2659. In the %ure the clear width of the lower arcade is 
7}, and its height 14| modules. The width of each pier is 1 
module^ Of the tqiper arcade the width is 9J, and the height 
18*253 tnoduies. The width of the piers is module each. 
Hre height of tl^e pBnth of the lower order is IJ module, that 
of the columiv liM|oding base and capital, 14^ modules, the 
entablature The Bttght of the pedestal of the upper order 
is 3*733 modules^ of the column with its base and capital 16, 
and of the entablature 3*733 modules. In the proportions 
between the voids and solids above taken the balustrade is not 
considered as a solid, because, in fact, it is nothing more than 
a railing for the protection of those using the upper story. 
As we have expressed our desire to give the examples of others 
rather than our own, we feel bound to recommend the student 
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to set up the diagram in question, with the simple alteration of reducing the solids 
nearly to an equality with the voids, which may be done with sufficient accuracy by as- 
signing to the lower arcade a module less in width than Chambers has done ; and we 
venture to say that he will be surprised at the difference^ as regards grace and elegance, 
which will result from the experiment, It is to he understood that no change is proposed 
in the other dimensions of the ordonnance, the width of piers, orders, entablatures, all re- 


maining untouched. 

2660. In /ig, 920. we give another example from Chambers, which, in ouf opinion, 

requires a rectification to bring it into proper form. Herein the Ionic is used above 
the Doric arcade, and the voids to the solids are as 3*33 to 2*98, being much more 
than equal to them. In this, as in 'x 

the former example, we should have j 

preferred a greater equality between (1 / (T) 

the solids and voids, though in that ^ H It f 

under consideration there is a nearer 

approximation to it. 'if^F 

2661. In the figure the clear width ' 

of the loim ^rch is 81, and its height ^ | T wl W? 

16} modmes;,, the width of each pier 

is 1 module* Of the upper arcade ft •> i 1 'Mr < 

the width is lOj, and the height 20J p - ip i 

modules. Ttie width of the piers is | 1 • i 

U module qach. ITie height of the i i 

plinth of the lower order is 1} module 1 i ! 

that of the column, including the base j i i 4 ‘ & j 1 j i ^ 

and capitd^ 1 6} modules, and of the T ' N RSfflffl'IBIBi FT ^ 

entaljlature 4 modules. Die height 

of the pedestal of the upper order 4 ® S ^ ^ 

tnodules, of the column, including * HJ Li w i ■■L l- jJ - H | 

iMise and caidtal, 13 modules, and ^ ' * S ' W 

tile entablature 4, anfk the baliw- I i 

tri^e above it 3j. ' ^ ^ \ W \ 

3$62. Die dimensions of the loiuo. ^ w . ' ' ^ ^ ' 

•Od Corinthian arcades in Jia, 921 . { * ^ ] T : 

as fialbwi^Clear width . \v r 

lower arch 9 modules, its height 1 81 * j/. ^ 1 

Modules. The vridth of each pier is ^ ^ ^ X 1 

a module. Of the upper piroade the « J|l , — l ii. LJl 

23 modtdM Th.^rfth nf 
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the piers is 1) module eAeh. The height of the plinth to the lower order it 1| module] 
of the column, including base and capit^, 16* modules; the 
entablature modules. Tb| pedestal of the upper order 
is 41 modules high; column, tncludinghase and capital, 20 
modules ; entablature 4J modules ; and, lastly, the balus- 
trade is S} modules i|i height. 

2663. Fi^, 922. is Hn arrangement adopted by Palladio 
in his basilica at Vicenza, being the dimensions, or nearly, 
of the arcades on the flanks. I'he intermediate ones are 
much wider. In the basilica, however, the entablature 
breaks round the columns of the orders. The width 
between the axes of the columns of the lower order is 15 
of their modules. The arch is 15 modules high and 7J 
wide. The order wherefVom the arch springs is 10^ modules 
high ; from axis to axis of the small columns in the lower 
arcade is 9 modulcK. The height of the plinth is 1 ] module, 
of the principal columns, including bases and plinths, 16} 
modules, and of their entablature 4 modules. In the upper 
arcade the distance between the axes of the principal 
columns is 18 of their modules. Their pedestals are 4 
modules high, the columns, including bases and capitals, 18 
modules, and entablature 4 modules liigh. Tlie width of the 
arch is 9J modules, and its height 20{ modules. The height 
of the small columns is 1 1 *733 modules high, including 
their entablature. 

2664. The use of arcades above arcades seems from its 
nature almost confined to public buildings, as among the 
ancients to tbtpMhrntrn and amphitheatres. In the in- 
terior quadranip^ w courts of palaces they have been much employed on the Continent, 
and in the ma^ficent design made by Inigo Jones for the palace at Whitehall are to 
be found sonic very fine examples. 



F«IC. 9«. 


Sect. XIII. 

BASEMENTS AND ATTICS. 

2665. When the order used for decorating the facade of a building is placed in the middle 
or second story, it is seated on a story called the basemenU The proportion of its height to 
the rest must in a great measure depend on the use to which its apartments are to be 
appropriated. ** In Italy,” observes Chambers, where their summer habitations are very 
frequently on that floor, the basements are sometimes very high. At the palace of Porti, 
in Vicenza, the height is equal to that of the order placed thereupon ; and at the Thiene, 
in the same city, its height exceeds two thirds of that of the order, although it be almost 
of a sufficient elevation to contain two stories ; but at the Villa Capra, and at the Loco 
Arsieri, both near Vicenza, the basement is only half the height of the order ; because in 
both these the ground floor consists of nothing but offices.” ft may hence be gathered that 
no absolute law can be laid down in reference to the height of a basement story. Tet we may 
state, generally, that a basement should not be higher than the order it llr to support, for it 
would in that case detract from the principal part of the composition, and, in fao^ would be 
likely to interfere with it. Besides which, the principal staircase then requires so many steps 
that space is wasted for their reception* ** Neither,” says Chambers, ** should a basement 
be lower than half the height of the order, if it is to contain apartments, and consequently 
have windows and entrances into it ; for whenever that is the ease the rooms will be low, 
the windows and doors very ill formed, or not proportional to the rest of the composition^ 
as is observable at Holkham : but if the only use of the basemaiit ba to raise the ground 
•floor, it need not exceed three, four, or at the most five or six foeC tii height, and be in the 
form of a continued pedestal.” 

2666. Basement stories are decorated g^Mrally with rustic work of such vamus kinA^ 
that we fear it would be here impossible to describe or fenresent their varieties. 

are capriciously rock-worked on their surfoce, others are pUun, that is, with a smooth tUff 
fooe. The height of each course, including the Joints, sl^ld on no account be less 
one module of the order which the basement suppoi^ ; their length may he from once and 
a Imlf to thrice their height Aa respects the Joints, theM may be square or chittnfoYe4 
oft Wlien square Joints are used, they should not be one e^jjhth piurl of 
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Iteight of the rustic itself, nor narrower then onie-tentli, their deptb not exceeding theii 
width. When the joints are chamfered, the Chamfer should be at an angle of forty-five 
degrees, and the whole width of tlic joint from one third to one ftiurth of the lieight of the 
rustic* 

2667. The eouibes arc sometimes (often on the Continent) laid without showing vertical 
joints ; but, as Chambers says, this ** has in general a bad appearanOjfxSind strikes as if the 
building were composed of boards rather than of stone. Palladio’s method seems far pre- 
ferable, who, in imitation of the ancients, always marked both the* vertical and the hori- 
sontal joints; and whenever the former of these are regularly and artfully disposed, the 
rustic work has a very beautiful appearance.” We shall presently make a few remarks on 
the subject of rustics ; but ^ere, to continue and finish that more immedidtely under con- 
sideration, have to add, that when a high basement is used, it is not uncommon to crown h 
with a cornice, as may be seen in Jig, 909. ; but the more common practice is to use a plat- 
band only (as in^p. 911.), whose height should not be greater than that of a rustic exclu- 
sive of the joint. Of a similar height should be made the zoccolo or plinth ; but this may, 
aud ought, perhaps, to be somewhat higher. When arches occur in basements, the plat- 
band, whicii serves for the impost, should be as high as a course of rustics, exclusive of th« 
joint ; and if the basement be finished with a cornice, such basement should have a regularly 
moulded base at its foot ; the former to be about one thirteenth of the whole height of the 
ba<^ement, and the basii about one eighteenth, without the plinth. 

2668. The Attic — which is used instead of a second order where limits are prescribed 
to the height of a building, examples whereof may be seen at Greenwich Hospital, and in 
the Valmarano palace, by the great Palladio, at Vicenza — should not exceed in height 
one-third of the order whereon they are placed, neither ought they to be less than one 
quarter. Bearing some resemblance to a pedestal, the base, die, and cornice whereof they 
are composed may be proportioned much in the same way as the respective divisions (rf 
their prototypes. fhey are sometimes continued without, and sometimes with, breaks 
over the column or pilaster of the order which they crown. If they are formed with 
pilasters, such ought to be of the same width as the upper diameter of the order under 
them, never more. In projection they should be one quarter of their width at most. 
They may be decorated with sunk moulded panels if necessary ; but this is a practice 
rather to be avoided, as is most especially that of using capitals to them — a practice much 
m vogue in France under Louis XV. 

2669. We now return to the subject of the rock-worked rustic, whereof^ above, s(;me 
notice was promised. The practice, though occasionally used by the Romans, seems to have 
had its chief origin in Florence, where, as we have in a former Book (829.) observed, each 
palace resembled rather a fortification than a private dwelling. Here it was used to excess ; 
and if variety in the practice is the desire of the student, the buildings of that city will 
furnish him with an almost infinite number of examples. Tlie introduction of it gives a 
boldness and an expression of solidity to the rustics of a basement which no other 
means afford. In the other parts of Italy it was sparingly applied, but with more 
taste. Vignola and Palladio seem to have treated it as an accident productive of great 
variety rather than as a means of decoration. The last-named architect has in the Palazzo 
Thiene carried it to the utmost extent whereof it is susceptible. Yet, with tliis extreme 
extent of application, the design falls from his hands full of grace and feeling. To imitate 
it would be a dangerous experiment. De Brosse failed at the Luxembourg, and produced 
an example of clumsiness which in the Palazzo Pitti does not strike the spectator. 

2670. Rustics and rockwork on columns are rarely justifiable except for the purpose of 
some particular picturesque effect which demands their prominence in tlie scene, or street 
view, as in the gxtgway at Burlington House in Piccadilly,— -of which a good view, with 
the house itself, is to be seen in the Builder” for 1854, p. 559. It was pulled down 
'ibout 1867. 


Sect. XIV. 

rXLASTXKS. 

2671. Pilasters, or squatt columns, were by the Romans termed onto, by the Greeks 

paroitatm. This last word WipUes the placing one object standing against another, a suffi- 
ciently good definition of the word, inasmuch as in ninety-nine cases out of a hundred they 
are engaged in or backed ^ words, are {Portions of square columns 

projecting iVom a wall. 

2672. It is ttsui! to oolmnn, when altogether disengaged from the wall, 

a jdUar or fihrj and we a^m|Ksed to think, notwithstanding Rie alleged type of trees, 
tliat the piinutive sw^norle^^biilM buildings were quite as tikely^to have been square 

' a If 2 
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as round, and that the inconvenience attendant upon square angles may have led the 
earliest builders to round ofT the comers, and gradually to bring them to a circular plan. 
Is(dated pillars are rarely found among the examples left us by the ancients ; the little 
temple at Trevi furnishes, indeed, an example, but not of the best period of the art. Tlie 
principal points to be attended to in their use are their projection, diminution, the mode 
of uniting the entablature over them with that of their columns, and their flutings and 
capitals. 

2673. In re5q)ect of the projection of pilasters, Perrault says they should project one half, 
and not exceed that by more than a sixth, as in the frontispiece of Nero, unless circumstances 
re<q|uire a difterent projection. The pilasters of the IWtheon project only a tenth part of their 
width $ and sometimes, as in the forum of Nerva, they are only a fourteenth part But when 
pilasters are to receive the imposts of arches against their sides, they are made to project a 
fourth part of their diameter ; and this is a convenient proportion, because in the Corinthian 
order the capital is not so much disfigured. Hence, when pilasters are made to form re-en* 
tering angles, they should project more than half their diameter. Many and various opinions 
have been formea on the propriety of diminishing pilasters. Perrault, with whom we incline 
to agree, thinks that when one face only projects, pilasters should not be diminished. 
Those at the flanks of the portico of the Pantheon are without diminution. But when 
pilasters are on the same line as columns, we want to lay the entablature from one to the 
other without any projection, in which case the pilaster must be diminished in the same 
degree as the column itself, speaking of the front face, leaving the sides undiminished, as in* 
the temple of Antoninus and Faustina. When the pilaster has two of its faces projecting 
from the wall, being on the angle, and one of those fkces answers to a column, such face is 
diminished similarly to the column, as in the portico of Septimius, where the &ce not cor- 
responding to the column receives no diminution. There are, however, ancient examples 
where no diminution is practised, as in the interior of the Pantheon, where it is so small as 
not to be very apparent, being much less than that of the column, as is also the case in the 
temple of Mars Ultor, and in the arch of Constantine. In these cases, the custom of the 
ancients is sometimes to place the architrave plumb over the column, which brings it 
within the line of the pilaster. This may be seen in the temple of Mars Ultor, in the 
interior of the Pantheon, and in the portico of Septimius. Sometimes this excess is divided 
into two oiic whereof goes to the excess of projection of the architrave above the 
column, fSjppihe other half to the deficiency of extent above the pilaster, as in the forum of 
Nerva. The whole matter is a problem of difficult solution, which Chambers has avoided, 
but which, with reference to the examples we have cited, will not be attended with diffi- 
culty to the student in his practice. 

2674. We have above seen that pilasters, when used with columns, are subject to the 
form and conditions of the latter. As to their flutings we are left more at liberty. In 
the portico of the Pantheon we find the pilasters fluted and the columns plain. This, 
however, may have been caused by the difficulty of fluting the latter, which are of 
granite, whilst the pilasters are of marble. On the other hand, we sometimes find the 
columns fluted and the pilasters plain, as in the temple of Mars Ultor, and the portico of 
Septimius Severus. Generally, too, it may be observed that when pilasters project less than 
half their diameter, their return faces are not fluted. In respect of the number of the flutes, 
if the examples of the ancients were any guide, there could have been no fixed rule ; for in 
the portico of the Pantheon, the arch of Septimius Severus, and tliat of Constantine, seven 
flutes only are cut on the pilasters, whilst the flutes of the pilasters in the interior of the 
Pantheon are nine in number. Tliis, however, is to be ob-served, that the flutes must 
always be of an odd number, except in re-entering pilasters, wherein four are placed instead 
of three and a half, and five instead of four and a half, when the whole pilaster would have 
nine. ITiis is done to prevent the ill effect which would be produced in the capital by the 
bad falling of the leaves over the fiutes. 

2675. We shall hereafter ^ve from Chambers some representations of pilaster capitals, 
which, except as regards their width, resemble those of the order they accompany. The 
practice of the ancients in this respect was very varied. Among the Greeks the form of the 
pilaster capital was altogether different from that of the column, seeming to have no 
relationship to it whatever ; but on this point the student must consult the works on Gre- 
cian antiquities, an example whereof will be found in fig* 883. 

2676. A pilaster may be supposed to represent a column and to take its place under 

many circumstances ; and, notwithstanding all that was said on the subject by the Abb6 
liangier, many years ago, against the employment of pilaeters i^ogether, we are decidedly 
of opinion that they are often useful and important accessories in a building. It would be 
diflicult to enumerate every situation wherein it is expedi|||^ use pilasters rather than 
kwalated or engaged columns. ^ In iiHemal apartments, ^ space is restricted, a oo- 
Itimn appears h^y and occupies too much room. The morever, which ean be 

ebCaiited, often restrict the architect to the use of pilasteiQ^er which the prc^i^iOiM ol 

ttn*Ali1stiiii« m not lo erreat : indeed, as the author in the BnetiAemdi^ Matkadiamm ob* ' 
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serves, a pilaster may be considered as a column in bas-relief, and is thus, fit>m the 
diminished quantity of labour and material in it, simpler and more economical in appli- 
cation. Hiat in houses and palaces of the second class the decoration by pilasters is of 
great service may be amply shown by reference to the works of Bramante, San Gallo. 
Palladio, and the other great masters of Italy, no less than in this country to those of 
Jones, Wren, and Vanbrugh. 

2677. In profiling the capitals of Tuscan and Doric pilasters there can of course arise 
no difficulty ; they follow the profiles of those over the columns themselves. In the capitals, 
however, ^f the other orders, some difficulties occur : these are thus noticed by Chambers. 
** In the antique Ionic capital, the extraordinary projection of the ovolo makes it necessary 
either to bena it inwards considerably towards the extremities, that it may pass behind the 
volutes, or, instead of keeping the volutes flat in front, as they commonly are in the an- 
tique, to twist them outwards till they give room for the passage of the ovolo. Le Clero ** 
(Traiti cT Architecture) ** thinks the latter of these expedients the best, and that the 
artifice may not be too striking, the projection of the ovolo may be considerably diminished, 
as in the annexed design ** (fg. 923. ), ** which, as 
the moulding can be seen in front only, will 
occasion no disagreeabie effect.** 

2678. ** The same difficulty subsists with re- 
gard to the passage of the ovolo behind the an- 
gular Ionic volutes. Le Clerc therefore advises 
to open or spread the volutes sufficiently to leave 
room for the ovolo to pass behind them, as in 
the design ” (Jig, 924. ) “ annexed ; which may 
be easily done, if the projection of the ovolo is 
diminished. Inigo Junes has in the Banqueting 
House made the two sides of the volutes parallel 
to each other, according to Scamozzi’s manner, 
and at the same time lias continued the ovolo 
in a straight line under them, so that the volutes 
have an enormous projection ; which, added to 
the other faults of these capUalf, renders the 
whole composition unusually defeciive and ex- 
ceedingly ugly.*’ ^ 

2679. ** What has been said with regard to the passage of the ovolo behind the volutes 
in the Ionic order is likewise to be remembered in the Composite ; and in the Coriii- 
thian the lip or edge of the vase or basket may be bent a little inwards towards its cx' 
treimties, by which means it will easily pass 
behind the volutes. The leaves in the Corin- 
thian and Composite capitals must not project 
beyond^ the top of the shaft, as they do at San 
Carlo in the Corso at Rome, and at the Ban- 
queting House, Whitehall ; but the diameter of 
the capital must be exactly the same as that of 
the top of the sliaft. And to make out the 
thickness of the small bottom leaves, their edges 
may lie bent a trifle outwards, and the large 
angular leaves may be directed inwards in their 
approach towards them, as in the annexed de- 
sign ** (Jig. 925.), ” and as they are executed in 
the chtirch of the Roman college at Romo. 

When the small leaves have a considerable 
thickness, though the diameter of the capital is 
exactly the same as that of the shaft, in each 
front of the Composite or Corinthian pilaster 
capital, there must be two small leaves with 
one entire and two half large mies. lliey mutt 
be either of oUve, acanthus, parsley, or laurel, 
massed, divided, and wrought, in the same 

•» those of the columns are, the only 
aiflRirence being that they will be somewhat broader." 

^ ^ ^ angles penetrating each 

^erjbmip of the irregularity such practice produces in the entsSlatures and capitals. 

^ tolerated, though b many of the churches in 
proftision of mutUated Oepitals and entablatures; 
toan which, observes Chamhen^ " nothing oan bt mow confab or disagreeable.'* 
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9681. Neither s!iou1d columns be allowed to penetrate each other, as they do in the 
oourt of the Louvre, inasmuch as the same irr^ularity is induced by it as we h iVe above 
ooticed in the case jof pilasters. 


Sect. XV. 

CARTATIDES AVI) PEKS1AV8. 

9682. The origin of caryatides we have in the First Book ( 1 65, et $eq ) so far as regarua 
our own opinions, explained, and in that respect we shall not trouble the reader. Our object 
in this section is merely to offer some observations on the use of them in modern practice. 
The figures denominated Persian.^ Atlantes, and the like, are in the same category, and we 
shall not therefore ship to inquire into their respective merits ; indeed, that has already been 
sufficiently done in the book above alluded to. The writer of the article in the En- 
cydopedte Methodiqne has, we think, thrown away a vast deal of elegant writing on the sub- 
ject of caryatides ; and using, as we have done, to some extent, that extraordinary work, 
we think it necessary to say that we cannot recommend anything belonging to that article 
to the notice of the reader, except what is contained in the latter part ^ it, and with that 
we do not altogether agree. 

2683. Tlie object, or apparent object, in the use of caryatides is for the purpose of support. 
There is no case in which this cannot be better accomplished by a solid support, such as a 
column, the use of the attic order, or some other equivalent means. But the variety in 
quest of which the eye is always in search, and the picturesque effect which may be in- 
duced by the employment of caryatides, leads often to their necessary employment. The 
plain truth is, that they are admissible only as objects necessary for an extreme degree of 
decoration, and otherwise employed are not to be tolerated. There can, as we imagine, 
be no doubt that the most successful application of these figures as supports was by Jean 
Gougeon in the Louvre ; as was the most unfortunate in the use of them in a church 
in the New Road, which at the time of its erection was much lauded, but which we hope 
will never be imitated by any British architect. 

2684. As to the use of what are called Persians or figures, originally in Persian 

di esses, to dcsignatCj as Vitruvius tells us, the victory o v j P ll n ir country by the Greeks, the 
observations abog||||i||||de equally apply, and in the day their application will not 

bear a moment's IHpPise in consideration. 

2685. We have l^n much amused with the gravity wherewith Sir William Chambers, 
n 3 t with his usual sound sense, treats the claims of the personages whose merits we are dis- 
cussing i he says, Male figures may be introduced with propriety in arsenals or galleries of 
armour, in guard-rooms and other military places, where they should represent the figures 
of captives, or else of martial virtues ; such as strength, valour, wisdom, prudence, fortitude, 
and the like.” He writes more like himself when he says, “ Tbere arc few nobler thoughts 
in the remains of antiquity than Inigo Jones's court ” (in the design for the great palace at 
Whitehall), the effect of which, if properly executed, would luve been surprising and 
great in the highest degree.” (SeeJ?^. 207.) 

2686. What is called a terminus, which is, in fimt, nothing more than a portion of an 
inverted obelisk, we shall not observe upon further than to say that it is a form, as applied 
to architecture, held in abhorrence. For the purpose, when detached and isolated, of sup- 
porting busts in gardens, it may perhaps be occasionally tolerated : further we have no- 
tht!!g to say in its favour. Those who seek for addition^ instruction on what are called 
termini, may find some account of them, as the boundary posts of land among the Romans, 
in books relating to the antiquities of that people. 

2687. We sliall now proceed to submit some examples of caryatides for the use of thosf 
whose designs require their employment. Fig, 926. u from a model of Michael Angelq 
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Buonuotti, and ia eztcaeted from tlie Tnatiie on CwU ArckiMiwrAt by Sir V^illiam 
Chambers, as are the succeeding examples. 

2688. Hps. 927. and 928. are also designs by Michael Angel^ whic^ though not 
resigned for a buUding, are well adapted for the purpose under certain conditions. 

2689. Fig, 929. is the design of Andrea Biffi, a sculptor of Milan, in the cathedral of 
rhich city it is one of the figures surrounding the choir. The statue possesses muen grace, 
and was admirably suited to the edifice wherein it was employed. 

2690. Fig, 980. comes from Holland, having been execut^ by Artus Quellinus in the 
iudgnient-ball of the Stadthouse at AmstL^dam. 



2691. Fig, 931. is by Michael Angelo, and is at the Villa Ludovisi at Rome. 

2692. Fig, 932. is from the design by the last-named master for the monument of Pope 
Julius, whereof we have had occasion already to make mention in the First Book of this 
work. (.385.) 

2693. Fig, 933. is a representation of one of the celebrated caryatides by Jean Gougeon 
in the Swiss guard-room of the old Liouvre at Paris, and does not deserve less admira- 
tion than it has received. The scale on which this and the preceding figures are given 
does not admit of so good a representation as we could wish. 

2694. Fig, 934. is from the a'^ch of the goldsmiths at Rome, being thereon in basso 
rilievo, but considered by Chambers as well as ourselves a suitable hint for can ying out 
the purpose of this section. 


Sect. XVI. 

BALUSTEADES AND BALUSTEKS. 

2695. A baluster is a species ol column used os an ornamental railing in front ol 
windows, or in arcades, or on the Slimmit of a building, whose professed object is the 
protection of its inhabitants from accidents : analogously, too, it consists of a capital, shaft 
and base. 

2696. The baluster is not found in the works of the ancients, and we believe it owed 

its introduction in architecture to the restorers of the arts in Italy, in which country a vast 
variety of examples are to be found. They made their first appearance in the form of 
stunts columns, not unfrequently surmounted by a clumsily-shaped Ionic capital. The 
term is said to have had its rise (with what truth we cannot pronounce) from the Latin 
balauttiuMt or the Greek Ba^iavartoVt the flower of the wild pomegranate, to which in form 
the architectural baluster is said by some to bear a resemblance. The writer in tne 
Encychp^dit Methodique has taken the opportunity, in the article “ Balustre,” of launching bis 
anathema against the use of it, but we by no means agree with him ; and instead of ca&ing 
it, as he does, ** ime invenfion fMtquine,** we incline to think^ that it was almost the only 
invention of the modern architects that deserves our admiration. It is true that the form 
has been abused in every pomiUe shape; but we are not, in art more than in morals, to 
arrive at the conclusion that anything U|(^d because it has been abused and misapplied. 
Such, then, being the case, we shall in a serious vein to consider its proportiems, 

founded on the best examples that hav^,|Me to our bands. We must first premise with 
d. F* Blondd, that balusters and balu^Blipi, which last ate a series of the first, should in 
form and arrangement partake of irnSj^Secier of the edifice. They have even been in 
their tpedca so subdivide as to be IHtimged under as many classifications as the orders 
themaalvts, a distinct sort having been assigned for aoqfdoyment with each order. We are 

quite nartain that such an ariangement is necessary, but are rather lubUned to think it 
fiuicifttl ; tb0ii|{h #e are quite billing to allow that whm the Hghter ordrn are employed, 
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^ iMlmtnides to be used over them are suaeeptilde of « more minute a^ lighter aitb^ 
#viiioii of thmr parts. 

S697. The general rules to be observed in the use of the balustrade are» that its balusters 
be of an odd number, and that the distance between them should be equal to half their 
larger diameter, from which will result an equality between the open and solid spaces. Blon- 
del disapproves dT a half baluster on the flanks of a subdivifdon of a balustrade : in this we 
dissent from him» and would always recommend its adoption if possible. In respect of the 
detailed proporthms of the balusters themselveSf we are to recollect that the subdivisions 
are of the capital, the shaft or vase of the baluster, and its base. For proportioning these 
to one another. Chambers (and we think the proportions he uses not inelegant) divides the 
whole given height into thirteen equal parts, whereof the height of the baluster is eightf 
that of the base three, and of the cornice or rail two. If the baluster is required to be leso, 
he divides the height into fourteen parts, giving eight to the baluster, four to the base, and 
two to the raiL He calls one of these parts a module for the measurement of the rest, and 
that measure we tiiink convenient for adoption in this work. The module he dUides into 
nine parts. 

2698. Balusters intended for real use in a building, as those employed on steps or stairs, 
or before windows, or to enclose terraces, should not be less than three feet in height, nor 
more than three feet six inches ; that is, sufficiently high to give security to the persons using 
tliem : but when merely used as ornamental append^es, as in crdwning a building, they 
abonld bear some proportion to the parts of the building. Chambers says that their height 
nevev'ought to exceed four fifths of the height of the entablature on which they are placed, 
nor should it qyer be less than two thirds, without counting the soccolo or plinth, the height 
of which must be sufficient to leave the whole balustrade exposed to view from the best point 
of sight for viewing the building. We can scarcely admit these rtfles to pass without noting 
the examples ig Falladio^s works, Which give a much greater latitude for variety. When 
balusters fill in between the pedestals, as in the fa9ade of the Palace Chiericato at Vicenia, 
the balustrade’s height is of course regulated by that of the pedestal itself; but in the 
court of the Porti palace the crowning balustrade is not higher than the comice of the 
entablature on which it stands. The same proportion is observed in the atrium of the 
Carit4 at Venice. In the Valmarana palace the height of the balustrade is equal to that 
of the entablature of the small order. It is true that in a few instances this master made 
the height of the balustrade equal to that of the whole entablature, and Inigo Jones has in 
some instances followed his example ; but this was not the general practice either of the 
one or the other. 

2699. We have already said that the baluster generally varies in form, so as to be 
appropriate to the order over which it is used. It is moreover to be observed that the 
baluster is susceptible of a pleasing variety of its form by making it square instead of cir- 
cular on the plan, whereof examples are given in Jigt, 938, 9.39, and 940. ; but when the 
situation requires an expression of solidity, almost all the circular examples we submit to 
the reader may be changed from a circular to a st^uare form on the plan, and thus as re> 
quired we may obtain the character suitable to their rmective situations. These changeS| 
from one to another form in details of this descriptiofl^ are in their adoption much mom 
tl>e index to the capacity and genius of the architect than the restless and capricious longing 
after variety recently exhibited in some of the latest works produced in the city of London, 
works which reflect no credit on the age in which we live. In Jig. 985. is given a baluster 
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Memberi. 


I?aU. 

S modoles. 


Baluster, 
8 modules. 


pedestal, 
8 modules. 


Met 

Corona 

Quarter round 
Fillet 

Abacus 
Cyma reversa 
Neck 
Astragal 1 
Fillet / ■ 

Centre of belly 
From same to astragal 
Astragal \ 

Fillet J * 

Inverted cyma 
Plinth 

Inverted cavetto 
Fillet • • 

Astragal 
Plintli 


Brights in 
Farts of a 
Module. 

m 

Pro^tlMis In 
](^ns of a 
lioduie from 

BaluUer. 

8 

3 

Sj 

li 


S| 
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5 

H 



27 
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2J 

10) fillet 

61 



13 

5 


2 j 


5 


15 
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2700. In fy* 936. is given the form of a baluster suited to the Doric and Ionic orders, ^ 
which also tlie table of dimensions is subjoined : — 








Projections in 






Heights fn 

Parts of a 


Members. 




Pai ts of a 

Module Ironi 






Module. 

i'entre of 
Baluster. 


Fillet 




2 

27 

Rail, 

8 modules. 

Cyma reversu 




35 


Corona 

Quarter round 




7 

4 

22 


Fillet 




11 



Abacus 




5! 

11 


Echinus 



- 

H 



Fillet 




1 



Neck 




5 

5 


Astragal 1 




3 


Baluster, 

8 modules. 

Fillet J 

Centre of belly 

From same to astragal 



27 

9 

'4 

' 

Astragal 




2 



Fillet 




1 

i 


Inverted cavetto 
Fillet 




1 6 

21 ^ 

10 (upper iMlt] 

• i 


Plinth 




1 

1% 


Fillet 




u 


1 

Pedestal, 

1 8 modules. 

Inverted ogee 
Fillet 

Astragal 




5 



Plinth 




15 

93) 


8701. A suitable baluster for the Coriotblan or Oomposite 0|<|ar is exhibited in 937.# 
whereof the measures are as fbllow : 
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Rail, 

2 modulet. 


Baluster, 
8 modules. 


Pedestal, 
3 modules. 


NfVttbers. 


HeighU In 

Projectkmi in 
Peru of a 

Parti of a 

Module from 

Module. 

Centre of 



2702. The Tuscan baluster 938.) is suitable for terraces and basements i its r<iil 



Fig. 038. Fig. 940. Fig. 941 fig. 911. Fig. 943. 

and pedestal may be the same height as in the fy, 935. Its principal measures being at 
follow : — 




Heights in 
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Baluster. 
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■m m 
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*1 
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Other forme of Tnecan balusters are given in fyt. 939. and $40., but it is not ne^ 
eessary to give the detail of the parts, as the proportions are eufficienUy preserved in th# 
figures. 

2703. The double-bellied baluster is used in situations where greater lightness is 
re(iuired from the smallness of the parts and the delicacy of the profiles* The proportions 
for the bases and rails need not vary from those already given. I'erhaps they need not be 
quite so large. 

2704. Ffff. 941. is an example of a double-bellied baluster suitable to the Doric ordeV' 
Its parts are as follow : — 
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Heiglics ia 

Parts of a 
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Parts of a 

Module from 




Modulft 

Centre of 
Baluster. 


Abacus 

Echinus \ 

* 


8 


Fillet / ‘ 



, 

Baluster, 

8 modules. 
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Fillet j 

- 
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j'4 neck 

18 belly 
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f 8 belly 

14 neck 


Inverted cchiiiusj 

- 



, ninth 

- 


8 


2705. In fy. 942. we give an example of the double-bellied baluster for the Ionic order, 
and its measures arc subjoined t — 


Members. 

Heights In 
Parts of a 
Module. 

Projections in 
Parts of A 
Module from 
Centre of 
Baluster. 

1 

Baluster, 

10 modules. 

Abacus - • - . 

Fillet and cyma reversa 

Upper part - - - - 

Middle part - - - - 

Lower part - • - - 

Inverted cyma and fillet 

Plinth ... - 

4i 

SO] 

"9 

SOj 

4j 

1 

1 

1 

9 

f4j neck 

I 9 belly 

74 centre 
f9 belly 

I 44 neck 

9 


2706. The last example we shall give of the double-bellied baluster (/p. 943.) is suit- 
able to the Corinthian order. The mcaaiireti are as follow : — 


Babsater, 
If moduUia. 


Members. 

Heights 
Parts of 
Module. 

’ Abacus • . . • 

s 

Echinus and fillet • 

4 

Neck .... 


Astragal and fillet • • • 


Upper part • • • • 

S9 

- Middle • • • - 

6 

Lower part - • • • 

29 

Fillet and astragal • • ' • 

H 

Neck .... 


Fillet and inverted echinus • 

. 4 

Plinth .... 

S 


Projections In 
Parts of a 
Module from 
Centre of 
Baluster, 


11 

Si 


I 

111 at belly 

fll at belly 
I fi^atbotton^ 
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S707. We do not deem it necessary to give any examples of the scroll and Guilocbe 
hjduatrades, which were so much in vogue during the reigns of Louis XIV. and 
Louis XV., though the present taste seems almost to reoutre it. As that taste has been 
mainly generated by house decorators, as they are called, and upholsterers, these gentiy 
will soon hnd out another means of amusing the public, by driving them out of fashion 
and finding all that is beautiful in some renovated and equd absurdities. 

2703. We have already observed that the intervals between balusters should not be more 
than half the diameter the baluster at its thickest part ; to this wc may here add, that 
they should not be less than one third of that diameter. 'Phe pedestals for supporting the 
rail ought neither to l>e too frequent nor too &r apart ; for in the first case they iin)>art a 
heavy appearance to the work, and in the last the work will seem weak. Seven or nine 
balusteis are good numbers for a group, besides the two half ones engaged in the pedestals. 
ITie disposition, however, and number of the pedestals depend on the places below of the 
piers, columns, or pilasters, for over these a pedestal must stand ; and when, therefore, it 
happens that the intervals are greater than are required for the reception of nine balusters, 
the distance may contain two or three groups each, flanked with half balusters, and the 
width of the dies separating the groups may be from two thirds to three quarters the widtii 
of the principal pedestals. The rail and base should not be broken by projections hut 
run in unbroken lines between the pedestals 

2709. When the principal pedestals stand over columns or pilasters, their dies should not 
be made wider than the top of the shafts, and on no account narrower ; 

Indeed, it is l>etter to flank them on each side when the ranges are long 
with half dies, and give a small projection to the central pedestal, and 
to let the base and rail follow the projection in their profiles, 'rhis 
practice will give real as well as apparent solidity to the balustrade. 

2710. Fiy 944. shows the application of a balustrade to a portion 
of a staircase, and herein the same proportions arc observed as on 
level ranges. Some masters have made the mouldings of the different 
members of the baluster, follow the rake or inclination of the steps; 
but the practice is vicious : they should preserve their horizontality, as 
exhibited in the figure, in which, at A and B, is also shown the me- 
thod in which the horizontal are joined to the inclined mouldings 
of the base and rail. In the balustrades of stairs the spaces between 
the balusters are usually made narrower than they are on level beds ; 
and Le Clerc recommends that the height of the plinth should be 
equal to that of the steps ; but this is not absolutely required, though 
it must on no account be less. 

2711. The bulbs or bellies of balusters and their mouldings may he 
carved and otherwise enriched ; indeed, in highly decorated interiors, 
this seems requisite. 

2712. The following observations as to the height of statues placed upon balustrades 
are from Sir William Chambers: — “When statues are placed upon a balustrade their 
height should not exceed one quarter of the column and entablature on which the balus- 
trade stands. Their attitudes must be upright, or, if anything, bending a little forwards, 
but never inclined to either side. Their legs must be close to each other, and the draperies 
close to their bodies, for whenever they stand straddling with bodies tortured into a variety 
of bends, and draperies waving in the wind, as those placed on the colonnades of St. 
Peter's, they have a most disagreeable effect, especially at a distance, from whence they 
aiipear like kimps of unformed materials, ready to drop upon the heads of passengers. 
The three figures placed on the pediment of Lord Spencer's house, in the Green Park, 
which were executed by the late ingenious Mr. Spang, are well composed for the purpose.” 

2713. “ The heights of vases placed upon balustrades should not exceed two thirds of 
the height given to statues,” says the same author. We are not altogether averse to the 
application of ^ther statues or vases in the predicated situations, but we think the greatest 
discretion is required in their employment. When it is necessary to attract the eye from 
an indispensably obtrusive roof, they are of great value in the composition ; but we shall 
not further ent :t on this point of controversy, for such it is, inasmuch as many object to 
their use altogether, and have considerable reason on their side. We must, however, brieffy 
state the ground of objection, and Chamben's answer as respects statues. There are, he 
says, some “ who totally rciject the practice of placing statues on the outsides of buildings, 
founding their doctrine, probably, upon a remark wMch I have somewhere met with in a 
French author, importing that neither men, nor even angels or demi-gods, could stand in 
all weathers upon the tops of houses or churches.** 

27H. ** The observaaon is wise, no doubt,** (we doubt the wisdom of it,) yet, as a 
piece of marble or stone is not likely to be mistaken for a live demi-god, and as statues, 
when properly introduced, are by far the most graceful terminatioua of a composition, one 
mo*i: abundant sources of varied entertainment, and amongst the richest, most 
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durAble, and elegant ornaments of a structure, it may be hoped they will still oontinuc to 
be tolerated.** ^ We fear that if the only reasons for their toleration were those assigned by 
sh8 author, their doom would sobn be scaled. 


Sect. XVII. 

PXDIMENTS. 

2/lo. A pediment, whose etymology is not quite clear, consists of a portion of the 
horizontal cornice of the building to which it is applied, meeting two entire continued 
raking cornices, and enclosing by the three boundaries a space which is usually plain, 
called the tympanuni. It is not, however, necessary that the upper cornice should be 
rectilinear, inasmuch as the cornice is sometimes formed by the segment of a circle. The 
arrangement in question was the Roman fastigium^ and is the French fronton^ Tlie Greeks 
called pediments aeroi, or eagles ; why. this is not the place to inquire. The origin of the 
pediment, according to authors, seems to have arisen from the Lnoliiied sides of the primitive 
hut. This is a subject, however, which in the First Book (subsec. 5.) has been already 
considered, and we shall therefore in this section confine ourselves to its employment in the 
Architecture of the day. 

2716. Of the varied forms which, by masters even of acknowledged talent, have been 
given to the pediment, whether polygonal, with curves of contrary flexure, with mixed 
forms, broken in the horizontal part of the cornice or in the raking parts of it, or reversed 
in its office with two springing inclined sides from the centre, we propose to say no more 
than that they are such abuses of all rules of propriety, that we shall not further notice 
them than by observing that in regular architecture no practice is to be tolerated where 
the pediment is composed otherwise than of two raking unbroken and one horizontal 
unbroken cornice, or of the latter and one continued flexure of curved line. To these 
only, therefore, we now apply ourselves. 

2717. Generally, except for windows and doors, the pediment ought not to be used, 
but AS a termination of the whole composition ; and though examples are to be found 
without number in which an opposite practice has obtained, the reader, on reflection, will 
l>e convinced of the impropriety of it, if there be the smallest foundation for its origin in 
the termination of the slant sides of the hut 

2718. The use of the pediment in the interior of a building is, perhaps, very questionable, 
though the greatest masters have adopted it We think it altogether unnecessary : if the 
pyramidal form is desirable for any particular combination of lines, it may be obtained by 
a vast number of other means than that of the introduction ol tne pediment Hence we 
are of opinion that the attempted apology for them in Sir William Cliamber8*s work, is alto- 
gether weak and unworthy of him, and only to be explained by that master's own practice. 

2719. Vitruvius ordains that neither the modillions nor dentils which are used in the 
horizontal cornice should be used in the sloping cornices of a pediment inasmuch as they 
represent parts in a roof which could not appear in that posHion : and the remains 
gener ally of antiquity seem to bear him out in the assertion ; but the Human remains seem 

^a||||k A different testimony to the validity of the law, and to our own eyes the trans- 
IPPIIB^afrords pleasure, and we should recommend the student not to feel himself at all 
it ; for, as Chambers most truly observes, ** The disparity of figure and enxich- 
^iPUnt between the horizontal and inclined cornices are such defects as cannot be coropen- 
sated by any degree of propriety whatever, and therefore to me it appears best, in imitation 
of the greatest Roman and modem architects, alway? to make the two cornices of the 
same profile, thus committing a trifling impropriety to avoid a very considerable deformity.” 

2720. Different sized pedunents in the same fe 9 ade are □ 
to be avoided ; but as respects their forms in ranges of 
windows and niches a pleasing variety is often obtained by- 
making them alterniitely curved and rectilinear, as in the 
temple at Nismes and in the niches of the Pantheon at 
Rome. 

2721. In the horizontal part of a cornice under a pe- 
diment the two upper mouldings are always omitted, and 
the intersection of the inclined with the horizontal lines, 
supposii^ the inclined members of the cornice to be of the 
same height as those which are horizontal, will not fidl into 
Ihe profile {Jig, 945.) whereof AB and BC are the lead- 
ing lines. To obviate this inconvenience) some architects 
have mode a break in the eymatitim and fillet, ea shown 
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• figure. But this is a bad practice) aud to it we prefer either making the oyma apd 
igber, as the dotted line AD indicates, or altogether lowering the height 4|f the cyma 
horizontal line. If the inclined comice is joined on each side by horizontal ones, the 
best expedient is to give only such small projection to the cyma as that it may meet tiie 
inclined sides. 

2722. The heights of pediments should be regulated by their lengths, independent of tlie 
consideration of climate. (See Book IL Chap. III. Sect. IV. 2027.) Thus, when the base of 
the pediment is short, the height of the pediment may be greater ; and when long, it should 
be diminished ; for in the former case tbe inclined comice leaves but scanty space for the 
tympanum, and in the latter case the tympanum will appear overcharged. From one fifth 
to one quarter of the length appears to have been agreed on as the limits ; but we subjoin, 
from a work by Stanislas L'Eveille (^Considerations sur Us FVonhms, 4to. Paris, 1824), the 
method which we consider the best for determining the height of a pediment, observing, by 
the way, that a strict adherence to the ordinary rules for finding the height may prepuce 
the absurdity of a pediment higher than the columns by which it is borne, a condition 
which would not at all accord with the view we have taken of the orders in Sect. II. 
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Chap. 1. of this Book, In fig. 946. we h^ve a synoptical view of pediments of various 
extents, and as the letters appli ed to th dBp ntral pediment will apply to all the rest, we 
shall restrict our description thg^oints a and b to be the extremities 

of the fillet of the corona. ThenIVHK & radius equal to a&, from the points a and 6, 
describe the arcs ox, and from their intersection x with the same radius let the arc ayh 
be described. From y, as a centre, with a radius equal to the height of the horizontal 
part of the cornice, describe the portion of the circle/^, and from a and b draw thereto 
tangents intersecting in y. Then yb and ya will be the proper inclination of the fillet of 
the corona to which the other members of the inclined parts will necessarily be parallel. 

2T28. We conclude this section by the words of Chambers. ** The face of the tyiiuMQ 
is always placed on a line perpendicular with the face of the frieze; and when lar|^^B|Lj 
be adorned with sculpture, representing the arms or cypher of the owner, trefHW'S 
various kinds, suited to the nature of the structure, or bas-reliefs, representing eitlt# 
allegorical or historical subjects ; but when small it is much better left plain.'* ^ 


Sect. XVIIL 

CORNICES. 

2724. In many cases the facades of buildings are erected without any of the orders 
appearing in the design, other, peiiiaps, than those which are applied as the dressings of 
windows, niches, or doors. The palaces of Floreiwennd l^me abound with such eiaitmle^ 
in most of which the edifice is crowned with a cornice, which adds dignity to the buil&igi 
producing a play of light and shadow about it of the utmost importaxiee as regfrds ii$^ 
picturesque efl^ct The moderns have generally frUed in this 4iie feature of a buHding> 
and it is only within the last fisw years, in thb country, that a return to the practice 'the 
old masters, a |^taotice properly appreciated by Joaes» Wren, Vanbrugh, and BurU^tcei, 
has manUhsted ttsri£ If a boilding be entir^ denuded of pilasters and 
there are very finr eommon inttanees tet jintifV tbw introduction, it leema At 
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deduce the proportion of the height and profile of its cornice from the proportions that 
would be given to it if an order intervefted. « . .4 ». . ... j 

2725. If we consider the height of the crowning cornice of a^bmlding in 
ti 4 the portion of an entablature whose height is, as in the case <?f an order, oiie fifth of that 
of the building, we should immediately obtain a good proportion by dividing the whole 
height into 25 parts and giving two of them to the height of the cornice, tor the 
entablature being one fifth of the whole 
height, and its general division being into 
10 parts, four whereof are given to the 
comice, we have for its height the -ii of J ^ 
s= or the twelfth and a half part of the 
total height of the building « 0-08. 

Now there are circumstances, such as 
when the piers are large, and in other 
cases wlicn the parts are not very full in 
their profiles, which may justify a de- 
parture from the strict application of this 
rule ; but it will be seen that in the 
following -ten well-known examples the 
practice has not much differed from tha 
theory, nearly the greatest deviation being 
in the celebrated cornice of the Farnese 
palace, which is here placed (Jiff. 947.) as 
an extraordinary work of art in connection 
with the building it crowns. The ex- 
amples alluded to are as follow, and we 
shall begin with those of earlier date, 
the diminution in height being almost a chronological table of their erection, with the 
exception of those by Palladio ; — 

In the Spannocchi palace, at Siena, the cornice is of the whole height of building, 
or *081. 

In the Picolomini palace, at Siena, the cornice is -jJio of the whole height of building, 
or ^m*074. 

In the Pojana palace, built by Palladio, at Pojana, in the Vicentine territory, the cornice 
is ^ of the whole height of building, or ^*:071. 

In the Strozzi palace, at Florence, the cornice is of the whole height of building, 
or 4 « *069. 

In the Pandolfini palace, at Florence, by Raffaelle, the cornice is ijJo whole 

height of building, or A = *069. 

In the Villa Montecchio, ny Palladio, the comice is ^ 
nr 4- -069. 

In the Villa Caldogno, by Palladio, the comice is jj 
or 4 «. *069. 

In another villa by Palladio, for the family of Caldogno, the cornice is ^ 
height of building, or ^ *066. 

In the Farnese palkce, at Rome, the cornice is of the whole height of building, or 
-•059. 

In the Gondi palace, at Florence, the cornice is of the whole height of building, or 4 
- -057. 

From these examples it appears that the mean height of the cornices under consideration 
b something more than one fifteenth of the height of the building, and experience shows 
that, except under particular circumstances, fimeh more 
than that is too great, and much less too little, to satisfy 
sn educated eye. Tlie grace beyotid the reach of art 
is, if we may use an Hibemiolsxn, power of few, 

but the bounds have been passewBi success, as is 
testified in the Farnese palace. Itlmfy be objected to 
the system that we have generally adopM in this work, 
that we rare too fiiueh reducing the art to rules. But 
this Is a pnetite of whidi the painter b not ashamed 
hi of the human figure, and we mutt * 

remibrour readm and thiltiitudent that all mite are more 
^ jof restramiog etcess than bounding the 

"" ^genius. 

MS. is an antiidature by Vignola, which 
great bemlftf, 1md hit bean ofees imitated in 

■“ * ^ a* a «a «t . m 


of the whole height of building, 
f of the whole height of building, 
. of the whole 
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4dened more in relation to a bulkUng than a mere eoraioerend regoi^ ntaHo qx^km, if 
poaiibie, at the aeigle* trhofi used. Cbambera, tpeaking of ^ eXeMle, am that ^irlien 
it » used to dnish a piahi li^diog,' the whole height ta fiipliid hy mviding the hoMt ,of 
the whole hront into ele^.|»arta, one of which muat he given to the entabhiture* and the 
remaining ten to the reel of the front** We cuspeot that the amallneet which it aiatgned 
V tfy this author to its height has been induced by come error, and that a better rule would 
induced by assigning to the cornice its proper beh^ according to tb^ lai^ above 
IdaOed et and proportioSng the rest of the entablature nom the cormce thus obtained. 



2727. In fgt, 949, 950, and 951. are given three examples of block cornices (the 
second being by Palladio), whose proportions the figures sufficiently show without here 
giving a detail of their parts. Tlie height of either should not be less than one fifteenth of 
the height of the building. 



KIf.SM. Fig.SM. 


2728. Fig*, 952. and 953. are block cornices, which we have adopted from Chambers, 
the first being from a palace at Milan, and the other, by Raffiielle, in a house in the 
Lungaim at &mie. Hie height of these, says the author, and we agree with him, nec^ 
not exceed one sixteenth part of the whole front, nor should either be less than one 
eighteenth. Ftg, 954, is what is called an architrave comice, which was frequently employed 
by the old masters. It seems well adapted to the entabUtures of coluinna bearing arches, 
being rather in the nature of an imj^; but it is useftil, changing it to suit the order iu 
cases where the* height does not admit of the whole of the entablature being uaed over the 
order. 


8sct. XIX 


nOWlhEB Of 0009M, 

2729. One of our objects in this work has beenJItepress throughout on the minds of 
our readers that architecture does not depend on s||piu 7 laws; and thoiM we may not 
' have proved satisfhctorily to the student that the prerise laws have been ewuy stiited« 
trurt we have exhibited sufficient to show and eonvtnct him ^et there was a method ikiV 
limit in the works of the aorienti which in the beet thnes ptevenfed the artists fiom 
on either side into excess. i 

^90. In 955. we give a door with its arcldtrave, fideae, and cornice, withrtM 
iarion to mouldings, but merely oonsidered in tbe ammes. Its nroportim 
with those mocMWiuslly sdopted; that 1% Us bright U twice its width, the e£ 
one fimrrii of Mm "bright of the opening, and Mie arebitraves on eaeb ridn» 
rixths of the waMTa Che opening, tberefbie^ measuring it In territ 
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it will b« found that tlio iolid parts of this are exactly on tbelr^ 
face two thirds of this aroa ; 4Mr up to the top of the opening eoc^, 
srchilra^ bein^ equal to Hie sum will be 24 ; and the enhlliy» 
ture being 8 wide and $ Xone fourth of twelre) high, 8 x 
which adoed to S4 for the architrafes gires 48 for the solids, and 
as above stated. The same anak^ does not seem to hold 
in respect of doon and windows,^ ol maki^ the voids equal to the 
supports and weights, as in intmolumniatmns ; nor indeed ought 
we to expect to find it, for the conditions are totally different, 
inasmuch as no door can exist except in a wall, whereas the office 
of columns is connected with tlie weight alxnre only. We trust, 
therefore, we have shown enough to keep the reader's mind alive 
to some such law as al)Ove developed, without insisting very strongly 
on a minute attention to it in detail. 

2731 . We shall now, before submitting any examples of doorways 
to the reader, touch upon some important points that must be attended to; the first of which 
is, that all gates and doors, independent of all other considerations, must be of sufficient sizs 
for convenient passage through them. Hence internal doors must never he reduced under 
2 feet 9 or 10 inches, and their height roust not be under 6 feet 10 inches or 7 feet, so as to 
admit the tallest person to pass with his hat. These are minimum dimen^ns for ordinary 
houses in the principal floors ; but for houses of a superior class, which are provided with what 
may be called state apartments, widths of 4, 5, and 6 feet, folding doors and the like, will not 
be too great for the openings, and the heights will of course be in proportion. Tlie entrance 
doors of private houses ought not to he under 5 feet 6 inches, nor ordinarily more than 
6 feet in width ; but in public buildings, wliere crowds of people assemble, the minimum 
width should l»e 6 feet, and thence upwards to 10 or 12 feet. No gate should be less than 
9 feet wide ; and when loaded waggons or carts are to pass through it, 11 or 12 feet 
will not be too much. As a general observation wc may mention that all doors should open 
inwards, for otherwise the person entering pulls the door in his face, which is an inconvenient 
inoile of entering a room. Also when the width of a door is greater tluin 3 feet 8 inches 
it should be formed in two ffaps, by which three advantages accrue : first, that the door 
will not occupy so much space for opening ; second, that each door will lie lighter ; and, 
third, that the flaps will more nearly fold into the thickness of the wall. Chambers pro- 
perly says, That in settling the dimensions of apertures of doors regard must be liad to 
the architecture with which the door is surrounded. If it be placed in tlie intercolumniation 
of an order, the height of the aperture should never exceed three quarters of the space 
lietween the pavement and the architrave of the order ; otherwise there cannot be room for 
the ornaments of the door. Nor should it ever lie much less than two thirds of that 
space, for then there will be room sufficient to introduce both an entablature and a 
pediment without crowding ; whereas if it be less it will appear trifling, and the inter- 
columniation will not be sufficiently filled. The apertures of doors placed in arches are 
regulated by the imposts, the top of the cornice being generally made level with the top 
of the impost ; and wlien doors are placed in the same lino with windows, the top of tbt 
aperture should be level with the tops of the apertures of the windows ; or if that be 
not practicable without making the door much larger than is necessary, the apeiture 
may be lower than those of the windows, and tlie t ips of all the cornices made on the same 
level.” 

2732. To say that the principal door of a building should if possible be in the centre of 
the fVont would seem almost uxuiecessary ; but it is not so, perhaps, to inculcate tlie necessity 
of its lieing so situated in connection with the internal arrangement of tlie building as to 
lead with facility to every part of it, being, as Scamozzi observes (Parte Secundo, lib. vi. 
c. 4.), like the mouth of an animal placed in the middle of the face, and of easy communi- 
cation with the taiiWe. In the internal distribution the doors should as much as possible 
be opposite one another on many accounts, not the least whereCf is the fiicility thus given 
to ventilation ; but such a disposition also gives the opportunity of a fkr bettor display of 
a serfos of rooms, which on occarions of fetes imparts great magnificence to the apar^nt^ 
In this climate It is wdl to avoid too great a number of doors, and they should never, if 
it can be avomi, he placed near chimneys, because of subjecting to drai^ts of air those 
who sit near the fire. Generally the doors in a room should be redp«8d to tbe smallest 
niunber that will suit the distribution, and the practice of making fidgnpil pr hbnk doors, 
though soraetiines noeessary, should if possible be excluded. 

The ornaments with which doors are decorated most of course depend on tlie 
in whioh they ere used | and at this is a matter in whioh common sense must 
the ai^lteott^it la hardly necessary to say tliat tbe omamants Mppiki to them In a 
mould etfil a ohtirch. / * ^ 

tho ma(tp<fiddtm oad designing of gates nad their plem miiat s^lnomtlty suit the 
ocicitateJis woH as the folding Mos otlai^ te them, for the mhisuft of the parks, 
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garuciis> and other places they are to serve. Him afo ^ finer examples iu the higher 
class or this species of design than tlie celebrated gates at Hampton Court 

3‘. 85. The evil dsys on which we have fhllen in this oountry» in respect of the arts» pre* 
eludes the hope of again seeing the doors of our buildings ornamented with bassi relieviand 
brorse omainents» a practice common among the ancients no less than among the revivers 
of tlie arts ; witness the doors of St Peter*a» and, above all, those monuments of the ait, the 
doots of the baptistery at Florence by Loranso Ghiberti, wherein art rises by being made 
only siiliservient to the holy purpose to which it is the mere handmaid. In the mention 
of doors those of San Giovanni Laterano at Home must not be omitted; they have the credit 
of having liccn the enclosures to the temple of Saturn in the ancient city. 

27.85. Tlie manuhicture of doors has been* already sufficiently noticed in the Second 
Book; and it therefoie only reminns for us to subjoin a few examples, which, we think, 
among many others, deserve the attention of the student. 



Fig. 957. rif.9ia. Fig. 958. 

279^ ? Fig. 950. is an external doorway designed and executed by Vignola, at Caprnrolo, 
not a gr^t distance north of Rome ; it must speak for itself : if tlie render be of our 
mind, he will see in it a beautiful handling of the8ul||tet; but wc cannot further answer for 
our opinion, knowing as we do that some of the reviewers of these days may find out that 
it possesses no mthetic beauties. There are cases where imitation has been permitted ; and 
the sanction for our opinion is, that it has been imitated by one whom wc and all others 
hold in reverence at Greenwich Hospital, though, as wc think with Chambers, for thj 
worse. “ Tlie aperture is in the form of an arch, and occupies somewhat more than two 
thirds of the whole height It is adorned with two rusticated Doric pilasters and u rr- 
gular entablature. Hie height of the pilasters is 16 modules, that of the entablature 4. 
Hie width of the aperture is 7 modules, its height 14, and the breath of each pier it 
8 modules.** To the detail of Chambers we have to add that the void in this example, 
which has no analogy to that which as a gepeml rule wc gave in the commencement of 
the section, is aliout one third of the area of the whole design, the void being to such area 
as 7 *57 to 20*88. 

27.88. Fig* 957. is a design by the lost-menuoned master, in wliieh the void is as nearly 
as possible equal to one third of the area, the supports another, and the weights the oilier 
third : in other terms, the aperture occupies two thirds of the whole height and one haU 
of tlie whole breaAlth, tieing, in fact, a double square. Its entablature lias an alliance with 
Che Tuscan order, and the cornice is e<|ual to one fifteenth of the whole height of the door. 
These two examples are especially external; those which follow are from their nature 
applicable in general form to either external or internal doorwoys. 

2739 Fig, 95H. is a doorway in the Canecllaria at Home, and is from tlie design of 
VigooJa. The width is one half 
the hisght, and tlie height of the 
entablature 1$ equal to one third 
of the height of the aperture. 'I’lie 
breadth of the architrave is one 
fifth of theaperture*s width, and the 
nilasters below the consoles are 
half ns broad as the architrave. 

It is heavy, os might have been 
expected from the proportion be- 
tween the voids end tlie solids. 

27 40. Fig* 95^. is a design by 
Htehael An^oBuonarotti, and its 
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the wiiol# •ntaMtttura a q«Mrt«r of itt ftod arehitfave one ftisth of the wtdtti 

of the eperitiro. The of tlte pilaKtert or columm at the fidet mu«t be regulated 
by the tower fhtcui of the architrare, and iheir breadth ii to be a femtdhuiieter. 

2741. Fitt* 060* U by Vignola, and ia in the Farnese palace at Uotne. The opening is 
twice the width in height, and the entablature is three eleventlis of the height of the aper- 
ture* one of the foregoing derenths being ^ven to the architrave. The whole of the orna- 
ment on the si^ isi including architraves and pilasters, equal to two sevenths of the wid^ 
of the aperture. The cornice is Composite* with modillions and dentils, and the hriese is 
enrich^ with a laurel liand* 

2742. Fig* 961., another of the examples given by Chambers, is believed to be b> 
Cigoli. The void is rather more in height than twice its width. The impost of the aicli 
is equal to half a diameter, the columns are rather more than nine diameters high, aiic 
rusticated with five square cinctures, llie entablature is not so much as one quaitei w 
the height of the column, and its tablet is equal to the width of the aperture. 



v%.est. nt.96«. ne.9ss. 


274S. Fig. 962. is by Inigo Jones, and the aperture may be twice as high as it is wide 
The architrave may be a sixth or seventh of tlie width of Uic aperture, the top of it l>eing 
level with the astragal of the columns, whicti are Corinthian, and ten diameters in height. 
ITiey must be so far removed on each side from the architrave as to allow the full prtijec 
tioii of ilieir bases. 'Ibc entablature may be from two ninths to one fifth of the colunirH 
and the pediment should be regulated by the rules given in Sect. XVII. (2722 ). 

2744. Fig. 96.*5. is by Serlio. The aperture may be a double square, or a trifle less ; 
the diameter of the columns a quarter of the widtli of the aperture, or a trifle less ; their 
height 8 to 8} diameters; the entablature about a quarter of the height of the coluinns, 
andtlic pediment should bo drawn in conformity with the directions in Sect. XVII. 


Silt. XX. 
wiNimws. 

2745. Wndows, of all the parU of a building, are those which require the greatest nicety 
in adjustment Itetwccn the interior and exterior relations of them. The architect who 
merdy looks to the eflbct they will produce in his fa 9 ades has done less than lialf his work, 
and daaervea no better luime or rank than that of a mere builder. It seems almost use- 
less to observe tltmt the windows of a building should preserve the same character, that 
thoee In' each i^y must be t^lS^lame height, and that the openings must be directly over 
one another. Blank windol^ ore, if possible, to be avoided . they always indicate tliat 
the at^itect wanted skill to unite the internal wants of the building with its external de- 
coration. Windows, moreover, should bo os far removed at the interior will permit from 
the quoins of a building, beetuae they not only apparently, but really, weaken the angles 
when placed too near tht‘m, 

9746, Vitrurius, Palladio, Semnossi* and Philibert de POrme, besides many other mas- 
ters, hnve Jpven difieieal proportions to them at connected with the apartments to be 
1‘glrtedi. ’iWt iHemjdiould lie difflrent la indicated by tbedillerent pku'es In which those 
maiteihi wr}||||il| Nothing, Indeed, seems so much to dtfallow general law^ as th^ 
W to an atmriiiieut; Haecofdtng to the climate, the tempi^ratiire, the 
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kiKtli of the days, the genera) elcarness of the slcy, the wants and^ customs of oommeret 
and of life generally. In hot climates the windows are always few in number and small iu 
dlmendon. As we approach those regions where the sun has less power and the winter is 
lon^r, we observe always an increase in their sise and number, so as to enable the in« 
habitants to take as much advantage as possible of the sun’s light and rays. It seems, 
therefore, almost impossible to give general rules on this subject We sltall on this account 
endeavour, in the rules that this section contains, to confine ourselves to the sizes which 
seem suitable in tliis climate, as resuects the proportion of light necessary for tlie comfort 
of an apartment 

2747. It is a matter of experience that the greatest quantity of light is obtained for an 
apartment when lighted by an horizontal aperture in the ceiling. Of this a very extra- 
ordinary verification Is to be found in the Pantheon at Rome. This edifice, whose clear 
internal diameter is 142 feet 6 inches, not including the recesses behind the columns, is 
nearly 74 feet high to the springing of the dome, which is semicircular. 'Ihe total clear 
number of cubic feet in it may therefore be taken in round numbers at l,9ti4,460 cubic 
feet Those wlio have visited it well know that it is most sufficiently and pleasingly 
lighted, and this is effected by an aperture (the rye, as it is technically culled,) in the crown 
of* the dome, which aperture is only 27 feet in diameter. Now the area of a circle 27 feet 
in diameter being rather more than 572 feet, it follows that each superficial foot of the 
area lights the astonishing quantity of nearly 3380 cubic feet. Independent of all consi* 
derations of^^g^te, this shows the amazing superiority of a light failing vertically, where 
it can be int^B^d. But in a majority of cases the apertures for light are introduced in 
vertical walls r" and the cunscqucnce is, that a far greater area of them for the admis- 
sion of light becomes necessary. In considering the question it must be premised that 
a large open space is sup|>oscd before the windows, and not the obstructed light which 
it is the lot of the inhabitants of closely-built streets to enjoy. Again, it is to be recollected 
that in the proportioning of m indows it is the apartments on the principal floor that are to 
be considered, because their width iu all the stories must be guided by them, the only va- 
riety admissible being in the height. In this country, where the gloom and even darkness 
of svet, cloudy, and foggy seasons so much prevails, it is better to err on the side of too 
much Iftther than too little light, ai^^hen it is superabundant to exclude it by means of 
sliiittOT and blinds. We are not very^piendly to the splaying of windows, because of the 
irregularity of the lines which follows the practice ; but, it must be admitted, it oflen be- 
comes necessary when the walls arc thick, and in such cases a considerable splay on the 
inside increases the light in cfiTect by a great diminution of shade. It is well, if possible, 
to have an odd numln'r of windows iu an apartment : nothing wherein contributes more 
to gloom than a pier in the centre. 

2748. We do not think it necessary to advfil^Ahc rule of Palladio for the dimensions 
of windows given in the first book of his work, o||||t 25. ; bec’ause, were it true for the 
climate of nortlicm Italy, it would not be so for that of Great Britain ; neither are we at 
all satisfied with that which in his practice Sir WilHam Chambers says he adopted, and 
which is as follows, in liis own words ; — ** 1 have generally added the depth and height* 
wc suppose width ** of the rooms on the principal floor together, and taken one eighth 
part thereof for the width of the window ; a rule to which there are few objections : ad- 
mitting somewhat more lipht than Palladio’s, it is, 1 apprehend, fitter for our climate than 
his rule would be. ” Thu rule is empirical, as indeed is that on which we place most 
dependence, and to which wc shall presently introduce the reader, being ourselves inclined 
to the belief that in the ligliting a room there b a direct relation between the area of the 
ajierture admitting the light and the quan^ty of eulie S}>ace in the room. Indeed tlie law 
which wc arc about to give is one founded on the cubic contents of the apartment ; and if 
the results bore a regular ratio to that quantity, the discussion would be at an end, for wc 
should then have only to ascertain the cubic contents, and, knowing liow much an area of 
light one foot square would illuminate, the division of one by the oilier would supply the 
superficies of windows to be provided. Our own notion on this subject .is, that 1 foot super- 
ficial of light in a vertical wall, supposing the building free fVom obstruction by high 
ubjects in the neighbourhood, will in a square room be sufficient for 100 cube feet if placea 
centrally in such room. It will, however, iinmedUtely occur to the reader, tliat this rule 
cannot in many cases satisfy the requirements of an apartment as respects the quantity of 
light necessary for its proper illumination. Tlie subject is beset with numerous difiKculties, 
which to overcome requires the greatest skilL In the case of an apartment, long as com<> 
pared with its width, it is well known to every practical architect that windows of the amne 
collective area at either of the narrow ends of such apartment will li^t it much more 
dihetively than if the same area of light were adapHted on either of the long sides, and moat 
specially so, if it should happen that on such los^ side there were a pier instead of a window 
in the centre of such side. In illustration of w&t we^mean, let oa relbr the reader to tko 
hall room at Windsor Castle, an apartment 90 firet long, .34 feet w*^ and 33 ^ 
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width, and la aud|>li©d by nn abunduncc of light. But hod the aamc quantity of light been 
admitted from eitlior of the long aides of the room, no many maaaea fk abadow would have 
been introduced through the interpoaitton of piers, tliat its effect wouljd have differedSbost 
w'idely from the eheerfbl and airy aspect it now presenta. We have tak^ this aa an 
eynmplc that more j^iresently occurs to us, but the render from his oljpfervation will have no 
difficulty in supplying instances in corroboration of our impressions on this subject. 

But we shall now proceed to give, in tlie author's own words, the rules of which we 
have spoken. I'hat author is Roliert IVf orris, and the work quoted if Leeturet on Archie 
(tcturCf eonfistinff of Ruiei founded on Harmonic A and Arithmetical Proportiotu in Building, 
London, 8vo.^ 1734. “ There are rules, lilccwlsc, for proportioning of light according 

to the^ magnitude of the room by which any room may be illuminated, more or less, 
according to the uses of them, and at the same time preserve on external regularity; 
which, as it is on aii^ uncommon basts, I shall explain to you as well as I conveniently 
can. Let the ma^itude of the room be given, and one of those proportions 1 have 
proposed to be made use of or any other ; multiply the lengtli and breadth of tlie room 
togetlier, and that product multiply by the iicight, and the square root of that sum will 
be the area or superficial content in feet, &c. of the light required.’* 
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2749. ♦‘Example. Suppose a room (fg, 96 h), whose magnitude is the aritlimetieal 
proportion of 5, 4, and 3, and is 20 feet long, 16 feet broad, and 12 feet high, the cube or 
product of its length, breadth, and height multiplied together is 3840, the square root o(f 
which sum is 62 feet. If the height of the story is 12 feet as before mentioned, divide 
that 62 foot into three windows ; each window will contain 20 feet 8 inches of superficial 
light, and those will bo found to be 3 feet 2J inches broad, and 6 feet 5 inches high, uhich 
are window's of two diameters.** 


2750. “ Let us now suppose another room on tlie same range whose height is 12 feet, as 
tlie preceding example is, and its proportion {fg, 965.) shall be the eulie. 'Hie product of 
that cube is 1728, and its root is 41 feet 4 inches, or thereabouts: divide that 41 feet 
4 inches in two parts for two windows, and each will be 20 feet 8 inches of supcrticiul 
light, and tliose will be two diameters in height, and the magnitude the same as the pre- 
red ing room.** 

2751. “ For example sake, I will only supiMisc one more room {Jig. 966 ) upon the same 

range, and 12 feet in height, ^ 
whose proportion shall be the 
arithmetical of 3, 2, and 1 ; 
that is, its height being 12 
feet, the bteadth will be 24 
and length 36, the product of 
those numliers multiplied to- 
gether will bo 10368, and its » j 
root lOl feet 8 inches, or 
thereabouts; divide this room | 

into five windows, each win- i 

clow will have 20 feet 4 inches 

auperfieial light, and the mag- x — -36 FM -o 

nitude will be near or equal to ms. 

the others, and if the proportion be 6, 4, and 3, and coved, tlie liglit is the same." 

2752. TImre is,** aays the author, rather periiaps dmply, “but one oldeetion to this 

f uio to make U universal (br all kinds of proportioned rooms on the same fiw, and that 
« iu **^1?*? ^^»y» hepiien *o be exact enough Ibr to make thorn alike; but 

M Vm be so small, it mw be, made use of; and if the area something exceeds 

of Miaeiiial room, that room may ba eonyaftod to a use which requires 
^lan «lan^ llgbt,and the neeessitim of fiuniliet aomtt^ rmiuirt It But how. 
rula #!u eerva fbv the puiposa near enough for^giy practice,** 
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S753. » If you extend tbe rule to larger rooms, tlie tame meUiods will be pretenrec 
rrc||if tUe heigUt be continued through two stories, if tile upper windows be vtmm square. 
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itntl to have two tire ** (tiers) “ of windows. Let us suppose the room 967 .) witli twa 
tire of windows in height^ to l>c .50 fet‘t long* 40 feet wide, and .*10 feet higli, the arilli* 
metical proportion of 5,4, and 3, the product of those numbers multiplied together will !>e 
60000, the square root of which sum is 245 superfical feet ; divide that sum for the tire *' 
(tiers) “ of windows into three ])arts, or take one third of it, and that makes the attic or 
s(|uare windows 81 feet 8 incites superficial light ; divide this into 5 windows, and they are 
4 feet and half an inch square, and the five lower windows consisting of I6.*l feet 4 inches 
Kuperficial light, being what remains out of the 24i$^lbet, the root, each of these windows is 
4 feet and half an inch by 8 feet 1 inch, or two diamei«rs« which 245 feet, the whole sum 
of the square root of the room, will sufficiently illuminate tlie same.** 

27.54. 'ilie extreme piers should not, if possible, l»e less tiian half the width of the 
principal piers. This cannot always be obtained, but a much letM^idth causes great 
irregularity, and that more es}>cciHlly when one of suci) end piers fal1i%pposite a chimney 
breast, l>esides causing a great mavs of shadow on the other side of the chimney, which 
liai a tendency towards making the room dark and gloomy. 

275.5. Windows in tlic same story should l>e similar, 'iliere may l>e an occasiuiuil de- 
viation for a great central window, but such deviation must be usi*d with mi^l caution. 
Another pnictiee, most pro}>erly repri>bated by Chambers, is that of i liter mUti|fl|||p archi- 
trave and frieze of an order in the intervals between the columns to make room^Hprindowa 
and their enrichments, as on the Banks of the Mansion House in tlic city of Eondon ; a 
practice from wliich Sir Christopher Wren was, unfortunately, not exempt, as may be 
noticed in St. Paul’s Catliedral. 

2756. W'bat arc called Venetian windows are occasionally allowable, when so ranged 
and introduced as nut to interfere with the composition, — a task oflcn difficult to eftect. 
'Iliey sliould not be much refieated, as in the front at Iloikham, where they become actually 
disgusting. TIuHigh in tb« examples which follow there be two which arc comfiosed 
with semieirctdar-lieaded centres, we do not appi'ove of the general use of examples de- 
signed on such principles, and would advise the student rather to study the composition o( 
tlic Venetian window, wlieti re<|uired, as in 968>> 
wliich we do not present as one of beauty, but rUlier 
of propriety, where tlie want of light to the apartment 
renders a Veneti^ window expi^ent The method 
of making sashes, shutters, and the othey accessories of 
windows has been described in a' previous section ; we 
therefore proceed to offer a fisw of the most celebrated 
examples of windows. It is not neeeaaaiY, after the 
investigation relative to the voids and soU<u of doofsb 
to^ pursue tlie inquiry into the relative proportions of 
windows as respects tliat part of the subject They 
arc, in a measure, in regard to windows, aubifeet to 
Die aame principles, and this, by trial, wiU be immadi^ 
fttely ^f^Murent to tlie student ; and we therefiire abalt 
ara atop for tuch investigation. 
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2757. Fif. 999* U «ft«r tUe lower story of windows at St l*eter*i at Home, liy Michael 
Aogslo, and is mtliar teas than the double square in height The arehttrave is one seTenth 
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of tlie aperture's width, being the same as that of the pilasters. The length of the consoles 
IS one third of the width of the aperture, and the entablature one quarter of its height 

2758. Ftg, 970. is from the l^lattei palace at Home, and is the design of Hartoloineo 
Ammanati. It possesses, though rather heavy, considerable beauty, and well deserves tlie 
attention of the student Chainbci>, from whom we have selected many of our examples 
in this and otliers sections, says, ^ the parts made somewhat less would succeed better, as 
would also a pediment instead of the slo{>ed covering at top : ** but we entirely disagree 
with him, and are of opinion that what he proposes would ruin the design. 



2759. 971. nnd 972. arc the coinpositioDs of Bernardo Buontalenti. The apcr« 

iMret are a double squaro, or something less, the arcldtrirves a inxth or seventh of the 
pilssturs may be about the same, llie height of Hie entabiatiire sliould 
mKKkaorm than a quarter that of tlw aperture, nor imudi ktw. The matest length of 
thdUitsolct Idiinfld not exceed half the widtii of tlie aperture, nor ^ikl their least length 
ht hjii ibm one third of it 

*79a it Hrem the oW Louvre a| Barts, and b hy tfcg eelebratec) Pierre Lescot 
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•bM of Oogny iu the of Franeb L and Henry tl. lU proportiom ore not nuioh 
lUaRiinkr from tlie two last eKamplci. 



Ftl#e73. Fl«.!)74. F|s.»73. 


27G1. F/ff. 974. U a window constantly used by Palladio. Tlie oiiening is a double 
s(]uarc, the breadth of the architrave ei^ual to one sixth of tlie aperture, and the frieze and 
cornice together equal to double the height of the architrave. The breadth of the cun' 
soles equal to two thirds the width of the architrave. The breaks over tlie consoles in tlie 
bed mouldings of the cornice arc perhaps not strictly correct, but are deviations from pro> 
pricty which may be tolerated. Tlie breaks in the upper vertical parts of tlie architrave 
would perhaps be better omitted. The practice generally should be avoided, except in 
cases where a greater length of cornice is wanted for the purpose of filling the liare walls 
to which the windows arc applied. 

2762. JVy. 975. is from the Banqueting House at Whitehall, by Inigo Jones. Tli« 
aperture is a double square, the entablature one fourth of its 
height, and the architrave somewhat more than one sixth of its 
width. 

276.^. Fi\/. 976. is by Michael Angelo, ind executed at tlie 
Farncse palace at Rome. It possesses all the wildness and 
Cmcy of the master, and though abounding with faults, is 
red^med by its grandeur and originality. 

2764. In 977. is given the design by Ludovico da Cigoli 
of a window from tlic ground floor of tlie lienuccini palace 
in Florence. It can scarcely be properly estimated without its 
connection witli the facade, to the cliaracter whqjtcof it is in 
every respect suitable. 

2765. Fiff. 978. is a design of Palladio, nearly resembling 
lliat pouted in the Barbarano palace at Vicenza. It has 
been imitated by Inigo Jones, and p^haps improved on by him, 
iu tlie flanks at Greenwich Hospital. 






WINDOWS. 


(jHAfi JL 


921 


great pnltHer end erebiteot. It ia executed in the Pandclfini palace mt Flarence, on Uw 
princifMil floor, 'fhe liciglit of the aperture ia a very little more than twice its widt^ the 
erehitrafe ia one eerenth the width of the aperture. The eolumoiy which are Ionic, are 
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9 diamctera Idgh, and sliould be as much delated firom the wall aa poaaible. Tlie distance 
of them from the architrave of the window is a quarter of a diameter, which is also the 
distance of the entablature from the top of the same architrave. The total height of tlie 
entablature is two ninths of that of the colpmn, and the height of the pediment is one 
quarter of its baae or somewhat less, llie pedestals are one quarter of the Iieight of the 
whole order. 

2768. Fig. 981. is one of tlie windows of tlic Bracclano palace at Rome, by Bcniiui. 
'Jlic a|)erture is more than a double square, and the architrave about one sixtli the width 
of the aperture. Tlie entablature is only one fiMi of the height of the columns, in- 
cluding their sub-plinths, and the pediment is less in height than one quarter of its extent. 



HfwiSt. V^SM. 

S769. Ftg* 982. Is flrom the prinei]iat floor ^ the Pidasto ThteM «t Vkoiua. The 
Apertufc b two and two tenths of its width In height ; the eolumns arenine diameters high, 
end one nuerter engnged In the wall. The under tides of the lonie capitals are lev^ with 
^ tofi of the anjimire» haf!x« angular volutet with en aslrt|«kl and flilet below the volute. 
'The htm are VblMab and tnere are on aach fhaR five rut^^dbt of an equal breadth. 
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w'tuM) inner sides are on a hue with the sides of the aperturei and thdr |>rojeotion equal to 
that of the plinth of the base, that is, one fifth of a diameter of the csolumn. The keystontn 
incline forwards towards the top, and they are hatched, only the surface being left rough, 
as are likewise the dies on the columns, except at their angles, which are rabbed smooth, 
nie entablature is Ionic, the architrave consisting of only two fasciae, t4»e frieze swelled, 
and the dentil band placed immediately on the frieze, without any intervening inoulding\ 
a practice not very unusual with Palladio. The pedestals are rather more than one third 
the height of the columns. The dies and balusters stand on the platband of the basement, 
which was done to diminish the projection. 

2770. Fiff. 983. is a design by Inigo Jones, which has been much used in this cotintr}. 
It U rather higher than a double square. The width of the architrave is one fifth that of 
the aperture, and the rustics are a trifle less than the third of it. 'Hie entablature is two 
ninths of the height of the opening, and the height of the pedestal is or nearly so, of 
the height of the aperture and pedestal taken ti^ther. 



2771. Fig. 984. is the design of a Venetian window by Colin Campbell, the compiler 
of the three first volumes of the Vitruvius Britannicus ; and 

2772. jFVp. 985. is very similar to the Venetian windows in the west facade of the Horse 
Guards, executed by Kent It is perhaps as favourable an example of this species of 
wihdow as can be produced. 


Sect. XXL 

NICHES AND STATUFS. 

27*73. A niche is a recess constructed in the thickness of a wall for the reception of dilTeient 
objects, such as statues more especially, but occasionally also for that of busts, vases, 
and tripods. Vitruvius makes no mention of niches, and but for an inscription published 
by Visconti in the Monumenti Gabini we should not have known that they were by the 
ancients called zotheae, or places for the reception of a figure. Our English word niche U 
uxiiiently derived from the Italian nicchio, a shell. 

2774. In the early Greek temple the niche is not found ; at a later period, ns in the 
monument of Philopappus, we find a circular and two quadrangular-headed niches occupied 
in the time of Stuart by statues ; and it does not seem improbable that in the Gymnasia, 
Agora, Stadia, &c. of the nation mentioned, the use of tl»e niche was not uncommon. But 
the different forms of the ancient tomb, and the early methods of sepulture, would soon 
suggest to the Greeks and Homans the ^se of the nielie, especially in such tombs as were 
devoted to the use of a particular faixtily. lliese sepulchres, whose subdivisions were 
called colundHtria, had their walls ornamented with small niches (or the reception of 
cinerary urns, or those containing the ashes of the dead, lu these, a large-sized niche 
occupies the principal place in the apartment, and in th’is was deposited the urn or sarco- 
phagus of the head of the family. 

2^*7 5. Tlie small temples {tedicvla) of the Romans are often found decorated with niches ; 
and in the small bulling on the Lake of Albano, generally supposed to have l)een a 
N 3 rniphcum, we find each side of the interior dressed with six nichm, whose height suffi. 
cicntly indicates that they were provided for the reception of statues. In tlic temple of 
Diana, at Nismes, in the South of France, which is now considered to have been a portitui 
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of at ilia gaeat aqueduct ran near it, the interior has tao ndiw decorated aritli six 

Corintbitti columns, and in the wall between eacli column is a niclie (called tabernacle by 
the moderns). Each is placed on a pedestal, and at ihe sides have pilasters alternately 
surmounted by segmental and triangular pediments. We do not, however, consider it 
necessary to enumerate the various Roman works wherein the niche finds a place, and shall 
therefore do no more than reAsr the student to the Pantheon, the temple of Peace, the arch 
of Janus, at Rome, and to its exuberant employment at Palmyra, Baalbec, and S, alato. 
The buildings cited will furnish him with examples of all sorts and characters. 

2776. The dresses of iiidies seem to bear an analogy to tlu^e of windows and doors in 
their form and decoration ; the niche may really be consideri'd as an opening in a wall, 
and indeed there are, in the arch of Claudius Drusus, now the Porta Maggiore, at Rome, 
openings used as niches, in which an object placed may l»e seen from eitlier side of the 
wall. It therefore a])pcar8 not improper to dress the niche with the ornaments wiiich 
custom has sanctioned for doors and windows. The author of the article ** Niche** in the 
Encyclopedie Methodiquet lias divided niches into three classes, 'i'iie first are such as are 
stjuare on the plan, and either square or circular- headed. I’liese arc the simplest, and are 
without dressings of any sort. Second, such as arc square on their plans, and with square 
heads, hut oriuunented with dressings, or crowned with a simple platband supported by two 
consoles. In tlie third class are included all niclics whose plan and heads arc semicircular, 
either ornamented with festoons, or with dressings, or with columns and entablature. 
'Hicse, says the author, are to be introduced into buildings according to their several cha- 
racters, from simple to highly cnriklied, os requisite. 

2777. Some architectural authors have laid down positive rules for the proportions of 
niches. According to others the proportion is found in a niche twice and a half its width 
in height ; and indeed this produces a ))roporti(m not inelegant. Rut in considering the 
classes separately, they have divided the width of the niches invariably into twelve parts. 
'I'o a niche of the first class they give twenty-eight of such parts ; to one of the second 
class, thirty ; and to one of the tliird class, thirty-one parts, lliis reduction, however, of 
the i>roportions of a niche seems to us to partake of ennpiricism ; and we would rather 
always trust to an educated eye than to rules which seinn to have no basis on Htness and 
propriety. It is, moreover, to he' recollected that all rules of art can he considered only ai 
7Hean tsrm$t serving more as approximations than posCtlvc laws for the guidance of the 
artist in the dififerent combinations he imagines, 

2778. Tlie use of tiers of niches over each other is condemned by J. F. Rlondel, unless 
se])arated by a line of entablature between them, which may seem to indicate the existence 
of a floor; otherwise, he observes, one figure seems to stand on the head of another. 
'I'liis, however, is aii abuse of reasoning ; not that it is to he understood that we think the 
practice very allowable. The recommendation of this master in respect of tlie relation 
iietween niches and the statues that are to occupy them is worthy of attention. He 
opposes, and we think with great propriety, the placing a statue without a plinth in tiie 
niclie. Tlie plinth is, indeed, necessary to the good effect of every statue ; and to pretend 
that the imitation in marble could or ever was intended to he mistaken for the object it 
imitates, would he to leave behind all those matters of convention in art for which tlie 
spectator is well prepared. In architectural decoration, no less than in the abstract imita- 
tion of the objects of sculpture, no one is desirous of iiclieving them natural and* living, hut 
only as models of imitation. 

2779. The following observations are from Chambers, relative to the size of the statues 
used in niches. ** The size of the statue depends upon the dimensions of the niche ; it 
should neither he so large us to seem rammed into it, as at Santa Maria Maggiore, in 
Rome, nor so small as to seem lust in it, as in the I’aiitheon, where the statues do not 
occupy alwvc three quarters of the height of the niclie, and only one half of its width. 
Pallaaio, in arched niches, makes the chin of his statues on a level with the to}>*of tlie im- 
post (springing), so that tjie whole head is in the coved part. In the nave of St. Peter’s, at 
Rome, the same propoftiot^as been observed, and it Iws a very good effect 'llie distance 
between tlie outline pm ^ Jl tue and tlie sides of the niche should never be less tlian one 
third of a head, nor m^Upn one half, whether the niche be square or arched ; and when 
it is xquare, the distance irom the top of the bead to the soffito of the niche should not ex- 
ceed 4he distance left on the sides. Tlie statues kre generally raised on a plinth, the height 
of which may be from one third to one half of a head ; and sometimes, where tlie niches 
are very large in proportion to the architecture they accompany, as is the case when an 
order com^irehends but one story, the statues may be raised on small pedestals, by which 
means they may be made lower tlian usual, and yet fill tbe niche sufiiciently, it lieing to lie 
feared lest statues of a proper siswto fill such nielies should make the columns and.eutabla- 
ture apiiear trifimg. The same expedient must also be made use of whenever tlie statues 
in the nicties, according to their common proportions, come considerably larger tlian those 
placed st the top of the-building. A trifiing disparity wUl not be easily i>ercetved, on an- 
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eoimt of the distance between their respective situations; but if it he great, it has & 
very bad effect ; and tlierefore tfiis must be well attended to and remedied, either by the 
above-mentioned method, or by entirely omitting statues at the top of the building, leaving 
the balustrade either free, or placing thereon vases, trophies, and other similar ornaments.*' 
Further on in the same work, the author says that ** niches, l>eing designed as repositories 
for statues, groups, vases, or other works of sculpture, must be contrived to set off the 
things they are to contain to the best advantage ; and therefore no ornaments should ever 
be introduced within them, as is sometimes injudiciously practised, the cove of the niche 
being either filled with a large scollop shell, or the whole inside with various kinds of pro* 
jeeting rustics, with moulded compartments, either raised or sunken, or composed of dif- 
ferent coloured marbles, for all these serve to confuse the outline of the statue or group. 
It is even wrong to continue an impost within the niche, for that is of considerable dis- 
advantage to the figures which never appear so perfect as when backed and detached on a 
plain smooth surface. An excess of ornaments round the niche should likewise be avoided, 
and particularly masks, busts, boys, or any representation of the human figure, all which 
serve to divide the attention, and to divert it from the principal object.” 

2780. “The depth of the niche should always be sufficient to contain the whole statue, 
or wliatcver else it is to contain, it being very disagreeable to see statues, or any other 
weighty objects, with false bearings, and siijiported on consoles or other projections, as is 
sometimes done, and in the case of niches, the side views become exceedingly uncouth ; foi 
in these a leg, an arm, a liead, in short, those parts alone which project beyond the niche 
appear and look like so many fragments, stuck irregularly into the wall.” We trust wf 
shall be excused for this and many other lung quotations from Chambeis, on account of the 
ifetrong common sense witli which they abound, though not always expressed in the most 
e^^ant language that might have been selected. 

2781. We conclude the section with a few examples of niches, whose general propor- 
tions are sufficiently to be deri\ed from the figures which represent them, and which, 
therefore, will not require our more minute description in this place, the diagrams them- 
selves being the more useful mode of submitting the subject to the student. 



Fig. SSfi. Fifs 987. Fi«. 9^8. Fij;. 989. 


2782. Fiff, 986. is the simple niche, square and circular in the head and in the plan ; in 
the latter we have before, as a general rule, given the proportion of its height as twice and a 
half that of its width ; but the former, or the square-headed one, may be a double Kjuare, 
yet it nev6r should exceed in height twice and a half its width. 

27 si Fr^. 987, is a common form of using the niche where the opening of windows 
with which it is accompanied requires a correspondent square recess for the niches, as also 
in interiors where the leading lines may require such an expedient. 

2784. Ft^. 968. shows the method of introducing niches in a rusticated basement, which 
is often requisite. The rustics are received on a flat ground, in which the niche is formed. 


Tlie reader is not to understand that any of the 
figures are intended as models for imitation, but 
merely ^ modes on wliich, in using them, he may 
80 work us to reduce them to his own views in 
the design whereon he is engaged. 

2785. Fi^. 989. is from the plate of Palladio's 
Egyptian Hall, and exhibits the violation of Cham- 
bers’s excellent maxim of not allowing the impost 
to> be continued round the springing of the ntclic. 
If niches are merely introduced for play of light 
and shadow without reference to their reception 
of statues, the practice of this abuse may be to- 
lera|pilj[ but certainly not in cases where statues 
are ta placed in them. 

2786. F^. 990. is the niche accompanied by 
entablature, pediment, architraves, consoles, and 
pedestals, aa in the windows which have already 
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been given, and tlielr proportions will serve as a guide in this; the only diiTerenoe bein^ 
that a niche is inserted within the architrave of the onening. 

2787. Fig* 991. is imitated from one of the nicies the Pantheon, for the details 
whereof the reader may refer to Desgodetz. 


Sect. XXII. 

CHIMNEY riECES. 

<.r88. It is not our intention to devote much of a space, necessarily restricted, to the 
consideration of designs for chimney pieces ; not because we consider them unworthy of the 
serious attention of the student, nor because the ever-varying fashion of the day seems to 
create a desire for new forms, but because they come under the category of doors and win- 
dows (strange as it may seem) in respect of the relation of the void to the solid parts. We 
arc not aware that any view of this nature has heretofore been involved in the consideration 
of them, but we are not the more on that account to be driven from our hypothesis. The 
examples of chimney pieces that have been given by Chambers, and, before him, by old 
Serlio, were but fashions of their respective days; and if it be possible to establish some- 
thing like a canon on which they might be designed, we apprehend it would be useful to 
the student. 

2789. A chimney piece is the ornamental decoration applied to the aperture of a chimney 
opening, and it seems but reasonable that in its general distribution it should be subjedt to 
tho«c laws which regulate the ornaments of other openings. The forms and fancies 
which this ornament of a room may be changed are infinite, and we therefore consider that 
if its appeiujagss can be drawn into a consistent shape we shall be of service in the few 



Piff. 9Ut. Fiff. 993. Pig. 994. 

remarks subjoined. In Jig, 992. the chimney oponing to be decorated is 4*0 wide and 
3 feet 6 inches high; its area is therefore equal to 4 : 0 x .S : 6 =*14 feet, llie principle 
here recommended is to make the two supporting pieces equal to one half of that area, or 
seven feet, and the supported piece 13 equal to the other half. Now, as the height is 3 .* 6, 
we shall have §^*=2 for the width of the two piers, tlwt is, each will be one foot wide. By 
the addition of these to the width of the opening, the dimension becomes six feet; and as 
13 is to contain seven feet superficial, it follows that { — IJ is the height of 13 that^'it may 
contain 7 feet. 

2790. In Jig. 993. we have shown the method of developing the principle; in it the 

supports, load, and void bear the same relation to each other as in the preceding figure. 
The entablature is divided into three equal parts for the architrave, frieze, and cornice, and 
trusses arc placed on the pilasters by the sides of the architrave. The tablet is of course 
not absolutely required, and the trusses may be formed of leaves instead of being plain, as 
here shown. ^ 

2791. Fig. 994. is another mode of using the proportions given in Jfg. 992., aild upon 
it, as well as that last given, we have only to observe, they are not introduced as specimens 
of design, but solely with tlie view of illustrating a principle. The projection ot'chimney- 
pieces should not generally be greater than the whole width of tlie support, nor Ifiia ti|nn 
half. 

2792. We wish wc could give some rule for adjusting the size of a chimney opening to 
that of the room it is to warm. Morris, in his Lecture* on Architecture^ before quoted, 
imagined, that he had found. ou4 and he speaks with confidence on the results which 
follofir lt9 use; but we confess w«^#e not satisfied with tliem. We n^ertheless should 
bo wrong in omitting it, and tbermre give his words for the consideration of the sftt^lcnt. 
Tlie fi^ rule is a9 follows To find the height of the openins: of the cliiii^ey from any 
given magnitude of a room, add^ the length and height of the room together, and extract 
the sauare root of tliat sum, and half that root will be the he^ht of the chimney.*’ The 
•fCOBo min M ns fsUows :«*«.** To find the breadth of a chimney from my given magnitude 
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of H rooirt^ add tlic length, breadth, and height of the room together, and extraet the square 
root of that sum, and half that root will he the height of the ehimney.** The third rule he 
gives is, “ To find the depth of a chimney from any given magnitude, including tl»e breadth 
and height of the same, add the breadth and height of the chimney togetiier, take one 
fi)urtli of that sum, and it is the depth of the chimney.” His fourth and last rule is, ** To 
find the side of a square or funnel proportioned to clear the smoke from any given depth 
of the chimney, take three fourths of the given depth, and that sum is the side of the 
square of the funnel. Observe, only, that in cube rooms the height is equal to the breadth, 
and the foregoing rules are universal.” The rules given by Chambers are extremely vague 
and general. He stiys that ** in the smollest apartments the width of tlie aperture is never 
made less than from three feet to three feet six inches ; in rooms from twenty to twenty- 
four feet square, or of equal superficial dimensions, it may be four fiset wide ; in those of 
twenty-five to thirty, from four to four and a half ; and in such as exceed these dimensions, 
the aperture may he extended to five or five feet six inches ; but should the room be 
extremely large, as is frecjiiently tlie case of balls, galleries, and salons, and one chimney of 
these diineusiuns neither afford sufficient heat to warm the room nor sufficient space round 
it for the company, it will 1 h 3 much more convenient, and far handsomer, to have two 
chimney pieces of a moderate size than a single one exceedingly large, all the parts of 
which would appear cUiinsy and disproportioned to the other decorations of the room.” 
It is well so to place tlie chimney as that persons on entering a room may at once see it. 
In this climate a cheerfulness is imparted by the sight of a fire; hut it is not to be so 
])lnced as to be opposite a door, neither ought it, if possible to be avoided, to be so placed 
as to have a door on cither side of it. There are, however, circumstances under which 
even the last-named category cannot be avoided, but it is always well if it can. The fact 
is, that the further the door can, generally speaking, be removed from a chimney, the better; 
and the architect must, if the plan admit it (and he ought so to distribute his parts), avoid 
all cross draughts of air in a room. Angular chimneys are only admissible in small rooms 
where s|)ace and other considerations permit no other means of introducing a chimney. 
We can hardly think it necessary to say, with Chaml>ers, that “ whenever two chimneys are 
introduced in the same room they must he regularly placed, either directly facing eacl) 
other, if in different walls, or at equal distances from the centre of tlie wall in which they 
lH)th are placed. lie observes, however, with a proper caution to the student, that “ the 
Italians fre(|uently put their chimneys in the front walls, between the windows, for the 
benefit of looking out while sitting by the fire ; but this must be avoided, for by so doing 
that side of the room becomes crowded with ornaments, and the other sides are left too 
bare ; the front walls are much weakened by the funnels, and the chimney shafts at the 
top of the building, which must necessarily be carried higher than the ridges of the roofs, 
have, from their great length, a very disagreeable effect, and arc very liable to be blown 
down.” All these objections, however, may be easily answered, and the funnels collected, 
or shafts, as they then become, be, with skill, made even ornamental to a building. It is 
in cases like these that the power of the arcliitect above the artisan is manifest. 

27f).1. Where the walls of a building are sufficiently thick, their funnels rise within tl)e 
thickness of the walls, but in walls of a mean thickness tliis cannot be accomplished, for 
under such circumstances the walls and chimney pieces will necessarily project into tlie 
rooms, and if the break be great, the effect is unpleasant ; hut this may always be obviated 
by making arched recesses on each side, which, in commoner rooms, may be occupied by 
presses or closets, thus enabling the architect to carry the cornice unbroken round the 
room, a point which siiould never be forgotten, ina£much as by the cornice or entablature 
of the apartment being carried round it without a break, which ^ives the ceiling an unbroken 
and regular form, a regularity is preserved infinitely more satisfactory to the eye than the 
disagreealile aptiearatice of a broken, and, we may say, disjointed comice. 

2794. Of tlie materials employed in the construction of chimney pieces, nothing more is 

re(|uisite than to say that the costliness of the material must follow the wealth of the 
founder of the building. Marble, however, is the material usually employed, and the 
various sorts known are not unfrequentfy intermixed, so as to produce a pleasing effect. 
Wlien tne aid of the sculptor is called in, much latitude is allowed in the proportions ; but 
on iliis head we hope we may, without prejudice, deliver our opinion, tliat the efi^>ct has 
never amounted to anything like what might have been expected from his extraneous aid ; 
and the solution is easy ; his object is not to produce a work in harmony witli the apart- 
ment, but rather to exhibit his own powers. ^ 

2795. In the external appearance of oliimney 8ha0%«o as to group them whh the 
building to which tliey belong, no architect can be pul; in competition with Sir John Van- 
bruglw Tliose of Blenheim, Castle Howard, and other of his buildings, exceed all praise, 
and daseirve the closest investigation of the student They become in his works, as they 
always should do, parts of tlie building, inseparably connected with it, and their removal 
would detract ftom the majesty of tlie structure with which they are connected. On this* 
poiat we are certain that the best advice that can be given to the student is a constant ‘ 
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eontempUition of the works of Venbrugh. In these days there fceirs to be a return to 
good feeling in this respect ; and we hope it will, for the credit of the Englisli school, be 
toUowetl up. 


Sect. XXIII. 

STAIRCASES. 

2796. A staircase is an enclosure formed by walls or partitions, or l>oth, for the reception 
of an ascent of .stairs, with such landings as may be necessary. Of the construction .of 
stairs we have treated in previous sections ; this will be confined to general observations on 
them and their enclosures. 

2797. Scarcely any subdivision of a building is of more importance, as respects the 
character of the architect and the comfort and pleasant occupancy of it by his employer, tliaii 
its principal and subordinate staircases. There is, moreover, no part, perhaps, in which 
more room is left for architectural and picturesque display. In our own country tliere 
are some extraordinary examples of great beauty produced in staircases on comparatively 
small scales ; whence the student may learn that without great space he may produce very 
imposing effects. One of these may be still seen, though in a very neglected state, as are 
most of the buildings attached to the collegiate church of Westminster, at one of the pre* 
bendal houses there built by our great master Jones. It is a specimen of his consummate 
skill as an artist, and well worth the attention of the student, if he can obtain admittance to 
view it ; hut if he cannot, we may refer him to some plates executed from drawings made 
by us many years since, and published In the first and best edition of Illustrations of the 
Public Buildings of London (Lond. 1828). The extreme space occupied by the staircase in 
question does not exceed 24 by 23 feet; and within these small dimensions he contrived a 
staircase fit for a palace. So highly did the late Sir John Soane think of fins bijou that he 
had a series of drawings made to illustrate its parts, and exhibited them in his lectures at 
the Royal Academy. 

2798. It is almost unnecessary to im;)ress upon the student that an excess rather than a 
deficiency of light is requisite in a staircase, and that it should he easily accessible from all 
parts of the building, 'fhose laws upon which the ease of persons ascending and descending 
depend will form the subject of two subsections shortly following (2804. and 2814.), to which 
we particularly recommend the reader’s attention. They are of the utmost importance, 
and we record with surprise that they have not been attended to by architects generally of 
late years. We have crept up staircases in houses of consequence, which deserved little more 
than the name of ladders, and we are sorry to say tliat this defect Is found even in the works 
of Chambers himself; but never in those of Jones and Wren, We shall with these re- 
marks proceed to further observations on the subject, which has already been partially 
touched upon in 2176. et seq. 

2799. We know little oftlie staircases of the Greeks and Romans, and it is remarkable that 
Vitruvius makes no mention of a staircase, os an important part of an edifice ; indeed hts 
silence seems to lead to the conclusion that the staircases of antiquity were not con.structcd 
with the luxury and magnificence to he seen in more recent buildings. The best preserved 
ancient staircases are those constructed in the thickness of the walls of the pronaos of 
temples for alloending to the roofs. Of this sort remains arc found in sevcr.al peripteral 
temples. That of the temple of Concord at Agrigeutum is still entire, and consists of 
forty-one steps. According to Pausania.s, siinilar staircases existed in the temple of the 
Olympian Jupiter at Elis. They were generally winding and spiral, like the inside of a 
shell, and hence are called scale a lumaca by the Italians, and h^ the French escaliers eu 
limagon. Sometimes, as in the Pantheon at Rome, instead of being circular on the plan, 
they are triangular; so were they in the temple of Peace, and in the baths of Dioclesian. 

2800. Very few vestiges of staircases are to be seen in the ruins of Pompeii ; firom wiiich 
it may be inferred that what there were must have been of wood, and, moreover, iWt few 
of the houses were more thkn one story in height. Where they efii^ft, as In the buikling at 
the above place called the country house, and some others, they are narcQw aqdi incon- 
veiuent, with steps sometimes a foot in height. Occasionally, too, ^ ^nd private staircases ' 
mentioned, as in the description of Pliny’s Tusculan villa, where one Was placed by the side 
of the dining room, and appropriated to the use of the slaves who served the repast. 

^ 2801. T^e author of the article'"*^ Esoalier** in the Emeyc* Mdhod* idiserves that the mag* 
nifieence of the staircase was but tardily developed in moton aroidteeture, and that it owed 
much of its luxury to the perfection to which a knowledM of laereotomy brought the 
science of masonry* The mmnnem too and^ iho customs of domestic life for a Icngtli of 
time rendered unnecessary more than a staiicase of very ordinary description* 7 nus in 
the earliest f sl eeai the staimMiai Mm to have been construct^ for the use of the inha* 
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blupts only, possessing in fact no noore beauty than we now give to a back ataircasor They 
are ibr the most part dark, narrow, and inconvenient. Even in Italy, wbfeh in the ^len- 
dour of its buildings preceded and surpassed all the other nations of Europe, the stain»se 
^as, till a late period, extremely simple in the lareest and grandest palaces. Such are the 
staircases of the Vatican, Bernini's celebrated one being comparatively of a late date. The 
old staircases of the Tuilleries and of the Louvre, though on a considerable scale, are, from 
their simplicity, construction, and situation, little in unison with the richness of the rest 
of these palaces. And this was the consequence of having the state apartments tm ^e 
ground floor. When they were removed to a higher place, the staircase which conducted 
to them necessarily led to a correspondence of design in it. 

2802. It will be observed that our observations in this section are conflned to internal 
staircases. Large flights of steps, such as those at the IViniid dt' Monti and Araceli at 
Home, do not come within our notice, being unrestricted in their extent, and scarcely 
subject to the general laws of architectural composition. In these it should however be 
remembered that they must never rise in a continued series of steps from the bottom to the 
summit, but must be provided with landings for resting places, as is usually the case in the 
half and quarter spaces of internal stairs. An extremely fine example of an external flight of 
stairs may be cited in those descending from the terrace to the orangery at Versailles. Tor 
simplicity, grandeur, design, and beauty of construction, we scarcely know anything in 
ll^urope more ailmirable than tliis staircase and the orangery to which it leads. 

2803. Tlie selection of tlie place in which the staircase of a dwelling is to be seated, 
requires great jiidgmcnt, and is|||lway8 a difficult task in the formation of a plan. Palladio, 
the great master of the moderns, thus delivers the rules for observance in planning them, 
that they may not be an obstruction to the rest of the building. He says, “ A particular 
place must be marked out, that no part of the building should receive any prejudice by 
tliein. There are three openings necessary to a staircase. Ibe first is the doorway that 
leads to it, which the more it is in sight the better it is ; and 1 highly approve of its 
being in such a place that before one comes to it the best part of the house may be seen, 
for although the house be small, yet by such arrangement it will appear larger ; the door, 
however, nnist be obvious, and easy to be found. The second opening is that of the win- 
dows tbr 4 |ij|h which the stairs arc lighted ; they should be in the middle, and large 
enoiigli toUJflit the stairs in every jmrt. The third opening is the landing place by which 
one enters into the rooms above ; it ought to be fair and well ornamfiiitcd, and to lead 
into the largest places first.’* 

2804. ** Staircases,** continued our author, “ will be peifcct, if they are spacious, light, 
and easy to ascend ; as if, indeed, they seemed to invite people to mount. They will be 
clear, i^he light isbriglit and equally diffused ; and they will be sufficiently ample, if they 
do not appear scanty and nariow in proportion to the size and quality of the building. 
Nevertheless, they ought never to be narrower than 4 feet” (4 feet 6 inches English *), “so 
that two persons meeting on the stairs may conveniently pass each other. 'I'liey will be 
convenient with respect to the whole building, if the arches under them can be used for 
domestic purposes ; and commodious for the persons going up and down, if the stairs are 
not %>o steep nor the steps too high. Therefore, they must be twice as long as broad. 
Tlie steps ought not to exceed 6 inches in height ; and if they be lower they must be so to 
long and continued stairs, for they will be so much the easier, because one needs not lift 
the foot so high ; but they must never be lower than 4 inches.” (These are Vicentine 
inches. ) “ The limadth of the steps ought not to be less than a foot, nor mo|e than a foot 
and u half. XlHi qh^^nts used to make the steps of an odd number, that tlms beginning to 
ascend with the nght^fliot, they might end with the same foot, which they took to be a 
good omen, and a greater mark of respect so to enter into the temple. It will be suflScient 
to put eleven or thirteen steps at most to a flight before coming to a half-pace, thus to help 
weak people and of slmrt breath, as well that they may there have the opportunity of 
resting as to allow of any person falling from above being tUpre caught.** We do out pro- 
pose to give examples of other than the most usual forms of staircases and stairs; their 
variety is almost infinite, and could not even in their leading features be compassed in a 
work like this, llie varieties, indeed, would not be usefully given, inasmuch as the forma 
are necessarpy dependent on the varied circumstances of each plan, calling upon ‘ the 
BDohiteet iptitjKMt'On every occasion to invent pro re natd* 

' ' 280^. Stairs are of t|vo sorts, straight and winding. Before proceeding with bis design, 
tlic architect must always take care, whether in the straight or winding staircase, that the per- 
son ascending has what is called headu>ay^ which is a clear distance measured vertically from 
any step, quarter, half-pace, or landing, to the underside of the ceiling, step, or other part 
immedhuely over it, so as to allow the tallest person to clear it with hu liat on ; and this is 
the tmnimun hei^t of headway that can be admitted. To return to tlie straiglit and 
winding sCatreasc, it is to be observed, that tlie first may be divided into two/^Als, or be 

• Tht Vicentiae fool if about lt*6ineb«f fiofUth, 




Fic. m. Fig. 996. 


quite square, so as to turn on the four sides round a close or open newel, as in ^fig 095 
tn Which the foriu^ ti tlie case, light being obtained by windows in the walls which enclose 
tbl newel ; 996. : in which case, the newel is open, and the light be received 

either from a widjjpal light above, or from side windows in the walls, says these 

two sorts of stairs were invented by Sig. Ludovico Comaro, a gentlentan of much gemu% 
who erected for himself a magnificent palace at Padua* 

9806. Of winding or spiral stairs, some are circular on the plan, either open or with a 

solid newel t others elliptical, also with open or solid newels. Those with the open newel 
are prefbrable, because of their allowing the staircase to be lighted additionally, if requisite, 
by the obtainable from above ; brides which, persons passing up and down may see 

aaoh other. Palladio thus directs the setting out of spiral staircases. ** Those,** he says, 
** Which have a newel in the middle are made in this manner. The diameter being divided 
into three parts, two are given for the steps, and the third is for the newel ; or, othpedse# 
ibe diameter may be divided into seven parts, three of which are for, the nevi^tiM^lltir 
for the steps. ^ Thus,** he says, « was made the staircase of the column ot Trajan Rome ; 
and if the stiurs are made circular,** (that is, the treads segments of circles on the plan,) 
“ they will be handsomer and longer ** (of course) than if made straight.** 

9807. ^ But as it may happen that the space will not give room for these measures, 
the dimeter may be reduced and divided according to the plates.** The essence of those 

the step whose plan is segmental, we here subjoin, 

997. Is a plan and section of a staircase with a solid newel, ie which the 
^bsde dimetCf is divided into tifelve parts, and of these four are given to tbp neweV 
^ the Mmidiim divided equally between iAw steps. ^ 

a rk ' , 
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Fig. 997. Fig. 998. 

2fK)9. Fip, 998. is the plan and section of a spiral staircase with an open newels wherein 
the diameter is divided into four parts, two being given to the newel, and the remainder 
equally divided between the steps. 

2810. Fig, 999, is the plan and section of an elliptical staircase with an open newel. The 
conjugate diameter is divided into four parts, whereof two are given to the conjugate 
diameter of the newel, and the remainder one on each side to the steps. 

2811. In j!g, 1000. the same staircase is given, but with a solid newel, and of course re* 
quiring many openings on the sides to light it 

2812. It is not the difficulty of multiplying the examples of staircases which prevents 
our proceeding on this bead, but the space into which our work is to be condensed. Enougti 
of example has been given, by using portions of the examples, to meet every case, the deco* 
ration being dependent on the design of the archit^t, and the distribution on his good sense 
in the application of what we have submitted to him. 

28 1 8. There is, however, one important point in the construction of a staircase to which 
we must nowsidvert, and that is easiness of ascent* Blonde!, in his Omrt Architecture^ 
was, we believe, the first architect who settled the proper relation between the height and 
width of steps, and his theory, for the truth whereof, though it bears much appearance tA 
it, we do not pledge ourselves, is as follows. 

2814. Let ftrthe space over which a per^ walks with ease upon a level plane, and 
* /srthe height which the same person could with e^ual ease ascend vertically; TJien if k iu) 
the height of the step, and m its width, the relation between k and sp must be such that 
when and when A«s, w->a These conditions are fulfiUed by equations of tlia 

form (a— ») and i 0 a>s;-* 2 A. Blonde! assumoa S4 (French) indies ibr the yalue ol 
V, and 12 for tbatof z. We are not suffidcntly, foom experiment, convinced that these am th« 
proper values; but, following him, if those values b# stibmtufod in the equation Aw* ($4 — tff'h 
aiid tc->24-2A: if the he&t of a step be 5 inches, its width should bs24*^lf »J14 inches, 
itd it must be confessed experienoe seems to confirm the theory, for it pmat be ob# 
aovbsd. pad every person who has built m sburcate will know the tfol nhefrfjl 
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reducing the height of the risers without giving a correspondent width of tread to the step 
is iocoavenient and unpleasant. 


Sect. XXIV, 

CEILINOS. 

1BSI5. Economy has worked so great a change in our dwellings, that their ceilings are, 
of little more than miserable naked surfaces of plaster. This section, therefore, 

interest in the eye of speculating builders of the wretched^^uses erected 
abSit IWWburl^ of the metropolis, and let to unsuspecting tenants at rents usually about 
three times their actual value. To the student it is more important, inasmuch as a welU 
designed celling is one of the most pleasing features of a room. 

8816, There is, perhaps, no ty|» in architecture more strictly useful in the internal^^istri 
bution of apartments than that derived from timber framing ; and if the reader has understood 
our section on floors, be will immediately see that the natural oompartmeata which are fonne d 
in the carpentry of a floor are such as suggest panels and ornaments of great variety. 
Even a singUsflramed floor with Us strutting or wind- pieces between the joists, gives us 
the hint far a ceiling of colTers capable of producing the happiest eflfeet in the most insig- 
nifloattt room. If the type of timber-framittg be applied to the dome or liemispherioal 
cstlkigy the interties between the main ribe, JiminUhing as they approach the aummit, 
form the eMe^s of the colibrt that impart beauty to iba ^theon of Agrip]^ 
allude thttc m tii|Jjt|ype te ineuleate the prtnetpie on which ornamented ceilings are aesl^pi^ 
being sa(dsiiu0fl^ a reference lo such type will insure oroerietY. and brine us lim lu ^ 
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fitncM wlilcli, in the eiu’ljr part of this Book, we have oonsidered one of the main tngr» 
dients of beauty. If the panels of a ceiling be formed with reference to this principle^ 
namely, how they might or could be securely framed in the timbering, the desi^ will be 
fit fur the purpose, and its effect will satisfy the spectator, however unable to account for 
the pleasure he receives. Whether the architrave be with plain square panels between it 
and the wall, as in the temples of the Egyptians, or as at a later period decorated with coffers, 
for instance in the Greek and Roman temple, the principle seems to be the same, and verifies 
the theory. The writer of the article ^Plafond” in the Encgc, Meth. has not entered into the 
subject at much length, nor with the ability displayed in many other parts of that work ; 
but he especially directs that where a ceiling is to be decorated on the plane surface wifh 
painting, the compartments should have reference to the construction. With these p'.eli- 
minary observations, we shall now proceed to the different forms in use. Ceilings are cuher 
flat, coved, that is, rising from the walls with ~a curve, or vaulted. They are sometime i, 
however, of contours in which one, more, or all of these forms find employment. When a 
coved ceiling is used, the height of the cove is rarely less than one fifth, and not more than 
one third the height of the room. This will be mainly dependent on the real height of 
the room, for if that be low in proportion to its width, the cove must be kept down ; whea 
otherwise, it is advantageous to throw height into the cove, which will make the excess ol 
the height less apparent. If, however, the architect is unrestricted, and the proportions 
of the room are under his control, the height of the cove should be one quarter oi 
the whole height In the ceilings of rooms whose figure is that of a parallelogram, 
the centre part is usually formed into a large flat panel, which is commonly decorated 
with a flower in the middle. When the cove is used, the division into panels of the ceil* 
ing will not bear to be so numerous nor so heavy as when the ceiling appears to rest on 
the walls at once, but the same sorts of figures may be employed as we shall presently 
give for other ceilings. If the apartment is to be highly finished, the cove itself may be 



flf. KXM. Fig. lOOA. Fig. 1006. 


decorated with enriched panels, as in the figt* 1001, 1002, 1003, 1004, 1005, 1006. In aR 
cmlings it is desirable to raise the centre panel bibber than the rest, and the main divi* 
nons representing the timbers in flat ceilings should, if posadble, foil an the centre of the 
piers b^ween the windows. 

2817. Fig. 1007. shows the ceiling <d’ a equare room in two ways as given on etch side 
of the dottM line, or it may be conmdered as r^resentmg the ends of a ceiling to a ruoin 
wboee form is that of a pandlelogram. The same bbeemtion applies to 1008. and 
1002. The eofitee of the beams should in aU cases epproeeh tlm width t|i^ would lii\| 
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Fiff 1007. Pig. 1008. Fig. 1009. 

ooniidered at the soiites of architraves of the columns of the order to which the comioe 
belongs, and they may be decorated with guiloclics, as in Jig, 1010., or witli frets. (See the 
word « Fret in Glossary.) 



Pig. 1010. 


2818. In the two following figures (1011. and 1012.) are given four examples of rooms 
which are parallelograms on the plan, and above each is a section of the compartments. 



Fig. ion , Pig. 101 *. 

28 19. As to the proportion of the cornice, it ou^ht in rooms to be perliaps ratlier less 
tlian in halls, salons, and the exterior parts of a building ; and if the entablature be taken at 
a fifth instead of one fourth of the height, and a proportional part of that fifth be taken for 
the cornice, it cannot be too heavy. Perhaps where columns are introduced it will be better 
to keep to the usual proportions. Chambers, if followed, would make the proportions still 
lighter than we have set them down. He says that if the rooms are adorned with an entire 
order, the entablature should not be more than a sixth of the height nor be less than a 
seventh in fiat>cei]ed rooms, and one sixth or one seventh in such as are coved ; and that 
when there are neither columns nor pilasters in the decoration, but an entablature alone, 
its height should not be above one seventh or eighth of those heights. He further says 
that in rooms finished with a simple cornice it should not exceed one fifteenth nor be less 
than one twentieth, and that if the whole entablature he used its height should not lie more 
than one eighth of the upright of the room. In the ceilings of staircases the cornices must 
be set out on the same principles ; indeed in these, and in halls and other large rooms, the 
whole of the entablature is generally used. In vaulted ceilings and domes the panels are 
usually decorated with panels similar to those in Jigt. 1001, 1002, 1003, 100<1, 1005, lOOfi., 
but in their application to domes they of course diminish as they rise towards the eyn 'vf 
tlie dome. (See 2837.) 


Skit. XXV. 

FEOrOaTlOKS OF ROOMS. 

9S20. The use to which rooms are appropriated, and their actual dimensions, are the 
principal points for consideration in adjusting the proportions of apartments. Al>stractedly 
eonndered, all figures, firom a square to the sesquialteral proportion, may be used for the 
plan. If^y great masters have carried the proportion to a double square on the plan ; 
m except the room be subdivided by a break the height is not easUy proportioned to it. 
This objeetiaa docs not however apply to long galleriea which arc not restricted in length, 
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on which Chamhers renwrka. “ that in thli case the extraordinary length renders it ini 
possible for the eye to take in the whole extent at once, and therefore the eomparison bo* 
tween the height and length can never be made.” 

2821. Tlie figure of a room, too, necessarily regulates its height. If a room, for example, 
be coved, it should be higher than one whose ceiling is entirely fiat. When the plan is 
square and the ceiling flat the height should not be less than four fifths of the side nor 
more than five sixths ; but when it leaves the square and becomes parallelomramic, the 
height may be equal to the width. Coved rooms, however, when square, should be as high 
as they arc broad ; and when parallelograms, their height may be equal to their width, in*' 
creased from one fifth to one third of the difference between the length and width. 

2822. The height of galleries should be at least one and one third of their width, and at 
the most perhaps one and three fifths. ** It is not, however,” says Chambers, ** always 
^)ossib1e to observe these proportions. In dwelling-houses, the height of all the rooms on' 
the same floor is generally the same, though their extent be different ; which renders it 
extremely difficult in large buildings, where there are a great number of different-sized 
rooms, to proportion all ^ them well. The usual method, in buildings where beauty and 
magnificence are preferred to economy, is to raise the hails, salons, and galleries higher 
than the other rooms, by making them occupy two stories ; to make the drawing-rooms or 
other largest rooms with flat ceilings ; to cove the middle-sized ones one third, a quarter, or 
a fifth of their height, according as it is more or less excessive ; and in the smallest apart- 
ments, where even the highest coves are not sufficient to render the proportion tolerable, it 
is usual to contrive mezzanines above them, which afford servants* lodging-rooms, hatha,. 
powdering ‘Tooma” (now no longer wanted 1) ** wardrobes, and the like ; so much the more 
convenient as they arc near the state apartments, and of private access. The Earl of 
I^eicester's house at llolkham is a masterpiece in this respect, as well as in mMiy others : 
the distribution of the plan, in particular, deserves much commendation, and does great 
credit to the memory of Mr. Kent, it being exceedingly well contrived, both for state and 
convenience.” 

282:3. la this country, the coldness of the climate, with the economy of those who build 
9U|)eradded, have been otistacles to developing the proper proportions of our apartments ; 
and the consequence is, that in England we rarely see magnificence attained in them. We 
can point out very few rooms whose height is as great as it should be. In Italy, the rules 
given by Palladio and other masters, judging from their works, seem to be sevenfold in 
respect of lengths and breadths of rooms, namely, — 1. circular ; 2. square ; 3. the length 
equal to the diagonal of the square ; 4. length equal to one third more than the square ; 
5. to the S({uare and a half ; 6. to the square and two thirds ; or, 7. two squares full. As 
to the height of chambers, Palladio says they are made either arched or with a plain 
ceiling : if the latter, the height from the pavement or floor to the joists above ought to be 
equal to their breadth ; and the chambers of the second story must be a sixth part less 
than them in height. 'Plte arched rooms, being those commonly adopted in the principal 
story, no less on account of their beauty than for the security afforded against fire, if square^ 
are in height to be a third more than their breadth; but when the length exceeds the 
breadth, the height proportioned to the length and breadth together may he readily found 
()y joining the two lines of the length and breadth into one line, which being bisected* 
unc half will give exactly the height of the arch. Thus, let the room be 12 feet long 
and 6 feet wide, 9 feet the height of the room. Another of Palladio*s methods of 

proportioning the height to the length and breadth is, by making the length, height, and 
breadth in sesquialteral proportion, tliat is, by finding a number which has the same ratio 
to the breadth as the length has to it This is found by multiplying the length and breadth 
together, and taking the square root of the product for the height llius, supposing the 
length 9 and the breadth 4, tlie height of the arch will be ^/9 x 4»6, the height required ; 
the number 6 being contained as many times in 9 as 4 b in 6. 

2824. The same authbr gives still another method, as follows ; — Let the height be 
assumed as found by the first rule and the length and breadth, as before, 12 and 6. 

Multiply the length by the breadth, and divide the product by the height assumed; the* 
^ - a 8 for the height, which is more tluiu the Msond rule gives, and less tlrnn the flixt 
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Sect. I. 

GENERAL REBIARKS. 

2825. In undertaking to point out some of the mechanical metliods of obtaining pro* 
portions of length, breadth, and height, in plans and elevations, as traceable upon geometris 
representations of tlie design, tve would recall the reader*s attention to the admirable re- 
marks on the true natuie of proportion made by the author of this Encyclopedia in 
Sect 1 of the first chapter in this book. 

2826. But, however just those remarks may he, they do not, any more than any of the 
mechanical means, result in success in the building as executed and seen in perspective. 
The ever varying relation between the sides of a mass, such as a Greek temple, can hardly 
be sup|)osed to l^ at every moment equally beautiful in proportion, and the finest mediaeval 
structure equally owes the satisfactory effect which it produces to the spectator's judicious 
choice of ids point of view. Some very judicious observations on the rectification of pro- 
portions according to the position of the spectator are given by James Pennethornc, in his 
Elements and Mathematical Principles of the Greek Architects^ 8vo., London, 1844, 

2827. Before the probable effect in execution of an intended design can be ascertained, 
the designer must have well mastered the routine of drawing, as explained in the several 
sections on Dhawing, PEHsrxcTivs, and Shadows, given in this work. He should like- 
wise have familiarised himself with the varying effects of the changes resulting from points 
of view and alteration of liglit upon some building of which he may have opportunities to 
make studies in the usual Geometric Drawings (explained 2490a, el ), so as to become 
imbued with that sense of general fitness of parts to the whole, which is meant by having the 
** compasses in one’s eye.** 

2828-*2837« The simpler such a building may be, the easier it will be at first to begin to 
acquire the power of anticipating correctly the effect in a design if it be executed: that 
power can then l>e applied to designs of more complicated character resulting from the 
various methods, which we are about to point out, of obtaining proportions. 


Sect. II. 

HORIZONTAL AND VERTICAL COMBINATIONS OP BUILDINGS. 

2ailx The different elements of a building are ranged by the side of or above each other, 
and.li| designing an edifice both these combinations must 1 >g kept in mind, though in the 
study of the subject, in order to lighten the labour, they may be separately considered. 
The two species of disposition are horizontal, as in plans, and vertical, as in sections and 
elevations. 

2839. As respects horizontal dispontion of the elements of a fabric, beginning with 
columns, their distance in the same edifice should be equal, but that distance may be varied 
as circumstances require. In buildings of small importance, the number is reduced as 
much as possible, on the score of economy, by increasing the distance between them ; Imt 
in public buildings they should be introduo^ in greater number, as contributing to the 
greater solidity of the edifice by affording a larger number of points of support. They 
ought not, however, to be at all introduced except for the formation of porticoes, gaUeries, 
and the like subdivirions. . The least distance at which they can l^ properly placed from a 
wall is that which they arc apart from one another. This distance, indeed, suits well 
enou^ when the columns are moderately wide apart ; but when the intercolumniations 
are small compared with their height and the diameter of the columns, their distance from 
the walls in porticoes must be increased, otherwise these would be much too narrow for 
their height, affording; shelter neither from the snn*8 rays nor from the rain. On this 
account, under such circumstances, they may be set from the walls two or three times the 
distance between the axes of the columns. From this arrangement will result an agreeable 
and suitable pnm^ion between the parts. 

2840 Tbe celling qf a portico may be level with the under side of the arebitraver or it 
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aui)' be sunk the depth of the architrave, which may return in a direction towards the walls, 
thus forming sunk panels in the ceiling, or the sinking of the panels may be as much as 
the whole height of the entablature, whose mouldings should then be carried round them, 
When several ranks of columns occur in a portico the central part is sometimes vaulted, the 
two central eulumns of the width being omkted. The oietliod of disposing pilasters ir 
respect of their diminution bsfi been treated of in a former part of this work. (267 1, et aeq.) 

2841. The exterior walls which enclose the bifilding should run as much as possible in 
straight continued lines from one angle to another ; a straight line being the shortest that 
can be drawn. The internal walls, which serve for subdividing the building into itsseveial 
apartments, should, as much as may be, extend from one side to the opposite one. Where 
they are intercept^ by openings, they should be connected again above by liiitels or othci 


meai.8. 

2842. In fig, 1013. is shown the method of forming apian or horizontal distribution, aud 
combining it with the vertical distribution in the section 


and elevation. The thing is so simple that it can hardly 
want explanation. The equidistant parallel axes being 
drawn and cut at right angles by similarly equidistant 
ones, the walls, according to the required accommoda- 
tions, are placed centrally upon the axes ; and the 
coluimis, pilasters. See. upon the intersections of the 
axes. The doors, windows, niches, and the like are tlien 
placed centrally in the interaxes, which must be bisected 
for that purpose.* Above and below the horizontal com- 
bination the section and plan are to l>e drawn. These 
Vertical combinations are infinite, and from every plan 
many sections and elevations may be formed. The figure 



exhibits a building of one story only, with a central 
apartment occupying the height of two stories. But on 


tlie same plan a building of two or more stories may be 


.jibove the otiier, or one only on the ground story, form- 
ing by its covering a terrace on the tfrst door; or a 
portico might receive on its columns the walls of the 
next story, and thm become recessed from the main 
front. So,4igam, <l|ie stories may be equal in height, or 
of different heights, as circumstances may require. I'he 
most usual practice is, above a basement to make the 
succeeding story hig^r; but above a principal floor the 
height of succeeding ones is diminished. The method 
of placing orders above orders does not require that any 
addition should be made to what has been said on that 
subject in Chap. 1. Sect. 11. of this Book, and by the 
same metliods arcades over arcades may be conducted. 

264.3. Not the least impprtant of the advantages re- 
sulting from the method of designing just submitted to 
the reader is the certain symmetry it produces, and tlie 
prevention, by the use of these interaxal lines on each 
floor, of the architect falling into the error of false 
bearings, than which a greater or more dangerous fault 
cannot be committed, more especially in public build- 
ings. The subterfuge for avoiding the consequence of 
fhlsc bearings is now a resort to cast iron, a material 
4>eneflcially enough employed in buildings of inferior 
rank; but in those of the first class, wherein ovary part 
sliould have a proper point of support, it is a practice 
not to be tolerated. Neither should the student ever 
lose sight, in respect the ties he employs in a building, 
of the admirable observation of Ytgnola on the ties and 
ohains proposed by Tibaldi, in his design for the bap- 
tistery at Milan ; ** Che la fobbriche non u hanno da 
lostenere coUe^ strioghe ; ** — Buildings must not depend 
on ties for their stability. The foregoing flgure is from 
l>urand's Prech tT Architecture, We now submit, in fig, 

1 01 8., an illustration of the principles of interaxal division 







from the celebrated and exquisite VllU Capra, near Vicenma» by Palladio, wherein it will ba 
Stoan, on comparing the ri^t with what actually liecn executed, how little 'the licsu^ 
varies from it It will from this also ba seen how entirely and inseparably oonneemd 
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the horizontal are the verUoal oombinatiotu in. the sec- ij 

tiou and elevation, the voids falling Over voids, and the . ^ 

solids over solids. Wliatever the eztent of the build- g { 

ing, if It is to be regular and symmetrical in its eompo- f | 

sition, the principles are applicable, and that even in is sa si 

buildings where no columns are used ; for, supposing ^ ^ j 

them to exist, and setting out the d^gn as though 

they did etist, the design will prove to be well pro- |C 'SI ri ^ J 

portioned when they are removed. The full appli- ntd Jl 

cation of the principles in question will be seen in j t— — 

the works of l^rand the Pricit and Courg d^Archittc- ... \ 

ture^ which we have used freely ; and where we have j j i« » * J 

had the misfortune to differ from that author, we have | ^ m 

not adopted him. I — I I - ^ 

2844. The student can scarcely conceive the infinite < = = ■ m m p« ikUp m 

number of combinations whereof every design is sus- Pi ^ f 

ceptible by the employment of the interaxal system ^ ® — * 1 L. Li — II i L} 

here hrought under his notice ; neither, until he has ! 

tested it in man/ cases, will he believe the great — 

mastery in design which he will acquire by its use. 1 t-H> — <»-• 

In the temples and other public buildings of the an- j 

dents, it requires no argument to prove that it was the 
vital principle of their operations, and in the courts, 
pavflsdia, &c. of their private buildings it is sufficiently j 
obvious that it must have been extensively used. That 
its use in the buildings of those who are called the 
Gothic architects of the middle ages was universal, a 
glance at them will be sufficient to prove. The system 
of triangles which appears to have had an influence on 
the proportions of the early cathedrals may be traced 
to the same source (see the early translation of Vitru- 
vius by CflBsar Cesarianus), and indeed, followed up to 
that source, would end in the principle contended mr. 

2845. It is impossible for us to prove that the 
interaxal system was that upon which the revivers of 
our art produced the astonishing examples many 
%vhereof are exhibited in our First Book ; neither 
can we venture to assert that it was that upon which 
our great master Palladio designed the example above 
given, unquestionably one of his mo 9 t elegant works ; 
but, to say the least of the coincidence wliioh has been 
proved between the actual design and the theory upon 
wiiich it appears to have been founded, it is a very 
curious, and, if not true, a most extraordinary circum- 
stance. Our belief, however, is, that not only Pal- 
ladio but the masters preceding him used the system 
in question, and that is strengthened by the mode 
(not strictly, we allow, analogous) in which Scamozzi, 
in the tenth chapter of bis third book, directs the * 
student to adopt in buildings seated on plots of ground 
whose sides are irregular. 

2846. To Durand, nevertheless, the public is 
greatly indebted for the Instruction he has imparted 
to the student in his Pi6cii cTArchUeetun more espe- 
cially, and we regret that in our own country the ait 
is treated by Hs professors too much in the manner 
of a trade, and that the scramble after commissions 
hjs prevented their occupation upon works similar to 
those which have engog^ the attention of professors 
on the continent llie fault, however, is perhaps not, 

after all, so much attributable to them as to a govern- ^ 014 , 

ment, whatever the party in power, till within the last 

five yean (nay perchance eveo now) totally indifferent to the success of the* fine arts, whose 
^my days here were under the reign of the unfortunate Charles. Our idlings on this sub- 
ject, and love for our ert, betray us perchance too much into expressions unsuitable to the 
sulil^eet under consideration, and thereon we entreat, thereftn^ the patience of our leaders, 
luw^ifig ** we have a good conscience.” ^ 

^ 1^47 Our tiraits precluoe the fttrther enlargement on this part of the subject which in 
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would occupy the pam of a separate work, and which, indeed, from its nature 
eouid not be eshausted. We trust, however, enough has been given to emiduci the stud«att 
oil tliA way to a right understanding of this part of the laws of composition. 


SacT. III. 


SUBIUVISIONS AND AFARTUEKTS OF BDir.DlNOS ANR THEIR POIVTB OF SUMXIRl. 


2848. The subdivisions, apartments, or portions whereof a building consists are almost as 
many as the elements that separately compose them : they may be ranked as porticoes, 
porctics, vestibules, staircases, halls, galleries, salons, chambers, courts, &c. &c. All these 
are but spaces enclosed with walls, open or covered, but mostly the latter, as the case may 
require. When covered, the object is accomplished by vault^ floors, terraces, or roofs. 
In some of them, columns are mnployed to relieve the liearing of the parts above, or to di- 
minish tlie thrust of the vaulting. The horizontal forms of these apartments — a general 
name by which we shall designate them, be their application what it may — are usually 
squares, parallelograms, polygons, circles, semicircles, &c. ; their size, of course, varying 
with the Mrvice whereto they are applied. Some will require only one, two, or three inter- 
axal divlsiuns ; others, flve, seven, or more. It is only these last in which columns become 
useful ; and to such only, therefore, the system is usefully applied. The parts whereof we 
speak may belong to either public or private buildings : the former are generally confined 
to a single story, and are covered by vaults of equal or different spans ; the latter havd 
usually several stories, and are almost invariably covered with roofs or flats. 

2849. When columns are introduced into any edifice to diminish the action of the vaults 
and increase the resistance to their thrust, the choice of the species of vault must be well 
considered. If, for example, the vault of a square apartment (Jiff* 1015. ) of five interaxal 
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divisions be covered with a quadrangular dome, or, in other words, a quadrantal cove, 
mitred at each angle, twelve columns would be retpiired for its support. If the vault were 
cylindrical (Jiff, 1016.) eight columns only would be necessary ; but if the form of the 
covering be changed to the groined arch (Ji^. 1017.). four columns only will be required. 
Supposing a room of similar form on the plan contained seven interaxardivisions each way, 
twenty cdumns must be employed for the coved vault, twelve columns for that whose 
covering was semi-cylindrical, and still but four for the groined vault It is obvious, therefore, 
keeiiing economy in mind, that the consideration and well weighing of this matter is 
most important, inasmuch as under ordinary circumstances we find it possible to make four 
columns perform the office of twelve and even twenty. Here, again, we have proof of the 
value of the interazal system, whose combinations, as we have in Clio previous section ob- 
served, are infinite. But the importance of the subject becomes still more interesting when 
wc find that'^onoray is inseparable from that arrangeiAent whose adoption fosures stability 
and symmetry of the parts. These are considerations whereof it is the duty of the archi- 
tect who values his reputation and character never to lose sight. If honour guide him not, 
the commission wherewith he is intrusted bad better have been handed over to the mere 
builder, — we mean the respectable builder, who will honestly do his best for his employer. 

2850. W'hat occurs iu square apartments occurs equally in those that ax« oblong, for the 
Apt or square is but the element of the last If it happen that from the interaxal dlvuuons 
contained in the length of an oblong or parallelogram, the subdivisions will not allow of three 
bays of groins, it does not follow tliat the arrangement must be defoetive, for one may be 
obtained in the middle bay. In subdivisions of width, allowing five interaxes, at least four 
columns would be saved, and in those of seven interoxes eight columns might be 
with, (See Jiff, 1016,) 

9851* When the subdivisions on the plan, supposing |t not square, take in ive interaxei 
which in the longitudinal extent of the apartment include sevnnd bays'^gnoms, whose mtm* 
her must always Im odd, one column U sufficient to receive eadi sprimi^ of the arch, hut 
in those of seven ii^raxal diviMons two columns will be necessary. (See fiff, 10I9» A.) 
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and tl«e columns may be changed into pilasters connected with the mam walls, as in 
fg. 1020*9 or as II in the preceding figure. 

2H53. The height of the apartment from the floor to the sprin^ng of the arches will be 
found three Interaxes in apartments whose horizontal combination is of five interaxes, 
and four and a half for the height to springing of such as are of seven interaxal divisions on 
the plan. Where the combinations are different in the adjoining apartments the heights 
just mentioned afford the facility of lighting the larger one libove the crown of the lower 
one, as at B in^^. 1019. 
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2854. Sometimes the springing is from the walls themselves, as at 1019., insteal 

of from the columns as at L. The first of th&ie arrangements should be permitted only 
when en tuite with the apartment there is another, D, wherein the springings are from 
columns. When the apartment is the la.st of the suite, the springings must be from piers 
or columns, one interaxis at least from the wall. If all these matters are well understood, 
as also the sections upon the orders, and upon the different elementary parts of a building, 
a graphic combination has been established by which we shall be much aided in the com- 
position or design of all sorts of buildings, and enabled, with little trouble, and in a much 
shorter period of time than by any other process, to design easily and intelligently. To do 
more dikinguishes the man of genius from the man who can be taught only up to a certain^ 
oo«nt 


Sect. IV. 

COMBIKATIOM or THE PARTS XK LEADIKG FOKStS. 

2855. Havmg shown the mode whereby the parts of a building are horizontally and verti- 
cally combined in the several apartments, which may be considered the ^mmar of com- 
position, wo shall now show Its application in the leading forms or great divisions of the plan. 
Keeping in mind the advantage, upon which we have before touched, of arranging the walls of 
bttitdiiigs as much as possible in straight lines, we should also equally endeavour to dispose 
the principal apartments on the same axes in each diribtipn. Upon first thoughts the stu- 
dent may think that a want of variety will result from such arrangement, but upon proper 
reflection he will in this respect be soon undeceived. The combinations ^t may be made 
of ^ different principal axes are, as above stated, numberless, that is, of those axes whereon 
the parts My be advantageously placed so as to suit tbe various purposes to which the 
bumiing is destined, payiiig also due rsgard to tiie nature of the ground whereoh the" 
to be creeled 
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2856. Let w, for eiample, take a few only of the I ' | « a MipM 

Combinations which may be formed from the simpie I I I I I I I 

f'jquar^ as in the first sixteen diagrams of 1021 ., ^1 I >| I I I 

by dividing it in both directions into two, three, i 1 | I LJmJ 

and four parts. The thick lines of the diagrams 

may be considered as representing either walls or I"" I I (If 

suits of apartments, in which latter case the open I I 5 Lj,J 

spaces between them become courts. In reference III I I I I I 

also to the vertical combinations connected with the LmLmJI I I I I I 

dispositions in question, some parts of them may con- 

list of one, other parts of two and three stories, as fH | ^ pi" I I I J 

well for additional accommodation of :he whole build- 7 H rH g| W I 

ing to its purpose as for producing variety of out- H I H I >1 

line in the elevation. If, as in some of the dia* UJ-J k-il-J I I I 

grams, we omit some of the axes used for the divi- 

sion, such omissions produce a new series of subdivi- rT^Tl 0-33 OU-O 

sions almost to infinity. By this method large edifices io| I I I ii| I 11 12 I I 

may be most advantageously designed ; it enables us | | | | fj— r | | | 

to apply to the different leading axes the combinations LJ— U LJ L.! 

suitable to the destination of the building. Considered 

however as merely an exercise for the student, the use iI J Im 1 iJw 

of it is so valuable that we do not believe any other rl 

can be so beneficially employed by those masters who ilT" "'ll" 

profess to teach the art. VVe have not gone into the 
subdivisions of the circle in detail, contenting ourselves . . - 
with the two most obvious dispositions. These are 

susceptible of as great variety as the square, observing ' v 1 ' 1 

however that the leading axes must be concentric. "TTi 

2857. Following up the method just proposed, let 

us imagine a design consisting of a certain number of Km. 1021 

similar and dissimilar parts placed in certain relations 

to each other. Now, having fixed clearly in our mind the relative situations of the several 
parts and the mode by which they are connected with each other, we shall have a distinct per- 
ception of the work as a whole. We may abbreviate the expression of a design by a few 
marks, as in /ig. 1022 ., wherein the crosses represent square apartments, and the simple lii.e* 
are the expressionsof parallelograms, whose relative lengths may be expressed by the lengths of 

the lines. The pext step might be to ex- ~ g - 

pand these abbreviations into the form I L 

given in Jig, 1023., on which we may indi- J : ^ ^ 

cate by curves and St. Andrew's crosses, 
as dotted in the diagram, the way in which 
the several apartments are to be covered. 

2858. We may now proceed with the 

design ; but first it will lie well to consider ”T 7 ~ V/ 

one of the apartments, for which let one of -j- —j— /"x /x 

the angles B lie taken (see Jig. 1024. and 

1025.). Suppose it, for instance, to be five n*. low, pi«. irus 

or any other numlicr of interaxal parts square. This, then, will be the width of the apartments 
whose forms are that of a parallelogram ; and inasmuch as in this apartment the diameter 
of the vault will be diminished by two interaxes, which results firom the use of the four 
angular columns, the groined vault will be of the width of three interaxes, attd same 
arrangement will govern the rest of the apartments. In the centre an openjpNM^ at- 
tendant on the disposition, as indicated by the diagram. The section whichlitlie vtHPiilt 
of the combination, subject however to other regulation in the detail, b given under the 
plan of the figure, and the elevation above it entirely depends upon, and is regulated by. 
the joint combination of the plan and section. The example is given in the most genend 
wity, ^ 1 ^ with the desire of initiating the student in the theory of his art. The building 
here instanced might serve some public purpose, such as a gallery for the reception of , 
painting or sculpture, or at least give the hint for one ; but our object is not to be nus> 
understoodf — we seek only to give the tyro an insight into the principles of composition. 

2859. It is not our intention to enter forther on the variety which follows the method ol 
designing, of which the foregoing are only intended as hints; but we cannot leave tlie 
iuldcot without submitting another example for the study of tile reader. Our desire 
is tluU of establishing general principles, whereof Jig, 1026. is a more cmnplete illus- 
tration than those that have preened it. The abbreviated form Df the borixcmtal dispositldto 
is shown at A, and in B it is furtlier extended, and will be finwd to be very similar to that 
of No. 15. in Jig, 1021. In the example tlie Interaxal divistons are not drawn through the 
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fif. lA Flf. 10(5 

plan, but it will be imme^Kfely teen that the space allotted to the whole width of the 
apartments is three in nuMl^. In the centre a circular apartment is introduced and 
covered with a dome, whichmight have been raised, in the vertical combination, another 
story, and thus have added more majesty to the elevation. And here we repeat, that 
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of more than one itory, (fbr H csDsot b« too ^toii impioMed oo 
oilnd of tho ttudont), the combiOotion of tho vertiool with the homontal dfetrihutlon will 
•uggoit on infititte vmrioty of feottires, which the orti^ may mould to hb fcnoy, although it 
muat be ao testrained as to make it subservient to tho rules upon which fitness deponds. 

8859a» We dose thb portion of the subject with an example m perspective from Durand. 
The gmeral plan, A,/p. 1026., will be found similar to Na 11 in/y. 1021., and the dis- 
tribution may be a good practice for the student to develupe. It is an excellent example 
for exhibiting of what plastic nature are the buildings whi<^ the vertical combinations will 
admit as baaed on those which are horbontaL 


Sxcr. V. 

OEMER4L raiNClFLSS OF FEOPOaTIOtf. 

(The following pages of this section were originally compiled by the late Edward Cresy 
for hb Eneyctopasdta of Civil Engineeringt publbbed by Messrs. Longmans, wlio have now 
deemed it preferable to pbee it in this edition of G wilt’s Eneyclopadia of Architeciuret 
as being in every respect a more suitable place for it.) (1867). 

That branch of the principles of architecture which is most intimately connected with 
the architect's practice, the proportioning of masses, or the arrangements for the supports ol 
an edifice, must be the objects of his unwearied study and attention. We shall, therefore, 
here endeavour to point out, as briefiy as possible, the general features which in this respect 
belong to the two oldest divisions, viz. the Greek, and the Roman, architecture. 

That part of Greece which lies to the south of Thessaly, near the foot of Mount Otlirys, 
is supposed to have contained the capital of Hellen, who left his kingdom to his three sons 
^olus, Dorus, and Xutltus, tiie second son becoming the founder of the Dorbn lace, and 
the youngest that of the Ionian. 

Architecture can hardly be said to have exbted as a science until the Dorians perfected 
• that style, which we find in the temples and other buildings scattered throughout those 
islands and countries in the Mediterranean Sea which received Doric colonies. The 
dwellings of these early civilisers of mankind were plain and simple ; the laws of Lycurgui 
forbade the use of any carving or decoration, their doors being fashioned only with the saw, 
and their roofr by the axe ; but iu their temples and public edifices, they were encouraged 
to bestow more labour and superior workmanship : the Dorian architecture appears 
never to have undergone any great change ; the same style, and almost the same proportions, 
are found in most of the examples that have been spared us. 

Tbese people spread a knowledge of the arts of construction wherever they settled ; and 
we find them at a very early period in the northern districts of Greece, under the 0);ympiBn 
chain of mountains, in the island of Crete, on the eastern side of the northern coast, on which 
is situated the town of Cn^us Vith its harbours, Heracleum and Apollonia, at which 
latter places their religious rites were celebrated. After having overrun Thessaly, they seat 
from thence a colony to the district of Dnopis, called the Doric Tripolb, between (Eta 
and Parnassus, from the union of the three cities B»um, Cytinium, and Erineus, and, 
subsequently, when Acyphas was added, Tetrapolis. 

The country next occupied by the Doric tribes extend42 from the river Sperchius 
beyond (Eta to Parnassus and Thermopylas, but the most impoitant of their migrations 
was that called the Return of the Heraclidas. After this period thejr were for a short time 
driven into Attica, where they received protection from Theseus, and when again settled in 
the Peloponnesus, they sent out colonies to Rhodes, Cnidus, and Coe, led by princes of tho 
UerMlidas from Argos and Epidaurus. Another colony from Trossen was established at 
Halicarnassua llie towns which composed the Tripolis of Rhodes, together with Cnidus, 
Cos, and Halicarnasai 9 % formed the Doric league called Hexapolis, but after the separation 
of the latter place, Pontapolia : this league met on the Triapian promontory to celebrate the 
rites of Apollo and Ceres. A colony was sent from Lindas to Telos ; others from (kis, 
Kisyrus and Calydna; from Argos to Carpatbus, now the island of Scapanta; from 
Cnidus to Syme, a towm of Asia Minor; from Megara a migration t|^ place, which 
settled at Astypalea, one of the Cyclades; and others to Anaphe, Tbe^'^Wal^andros, 
Melos, Mynd^ Mylasa, Cryassa, Synnada, and Noricum in Phrygia. ^ 

The^ Rhodians founded Gagas, exid Ckuydalla in Lycia, on the shores of Asia Minor ; 
Phaaelis on the confines of that country; fjMBipbylia; and Soli in CUicia. According 
Ibuoydidee, about 713 years before Chri4^ Jmtiphemus led a colony from Idnd is, 
fimndedthetovmofGelaiuSicUy. - ^ ^ 
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. , Oerfaitii Mt out nuiiMrom uotoiiies from Lechmim in tbe CrtiMUi OulC^ ^hith feaoM 
Jiyractue abottl 760 y«ift belbre Christ ; Molycnoii, Cbslcis, towns of iE^lia ; SsUeum in 
AcsriumlA; AiniiraoiA and Anactorium in Epirus; Leueadia* now th« island of St. 
Maura» which formerly joined to the continent by a narrow isthmus ; Corcyra, on the 
soast of B;>iras i EpidAmnus in Macedonia ; Apollonia Potidaea, with several others. 

Issa, an island in the Adriatic, was peopled from Syracuse. Megara, situated between 
Corinth and Athens on the Sinus Saronicus, after it became a part of tbe territory of the 
Heradidie, sent colonies to Astacus in Bithynia and Chalcedoii, another city in tliat pro- 
vince oppoMte to Bysantium, Selymbria in ITirace, and Heraclea in Fontus, celebrated 
for its navid power. 

Megara also colonised Hybla in Sicily, famous for its wild thyme and honey, whida 
people founded Selin us. Sparta founded Tarentum about 700 years before Christ, which 
at one time comprised thirteen tributary cities within its government, and could muste/ 
100,000 foot and 3000 horse. 

From Gela, which was colonised from Lindus in the Island of Rhodes, originated 
Agrigentum, a place of considerable importance at the time the Cretan Phalaris obtained 
tbe sovereignty ; indeed Crete and Rhodes jointly may be said to be the founders of 
Agrigentum. 

In following the progress of the Heraclidac along the shores of the Mediterranean to the 
Pillars of Hercules, we find wherever they settled those beautiful examples of construction 
in masonry which we can never be weary of admiring and studying. The temples in the 
Doric style in Sicily are of great beauty, and they may be some years anterior to those now 
remaining in Greece, but the difference cannot be very great: those at Syracuse and 
Agrigentum were constructed from the .spoils obtained when Hiero defeated the Carthaginian 
general Hamilcar at Himera, and those at Athens were not built till some time after the 
defeat of Xerxes; but by some of the historiiins it is said that both battles were fought on the 
same day, that whilst Hiero was obtaining his independence, the Persians were overthrown 
at Salamis. Some time, however, elapsed after these victories )>eforethe Athenians and othei 
states of Greece which had been engaged in the war recovered their prosperous condition ; 
and it was not until the time of Pericles, which is nearly 50 yeais after the building of the 
temples at Agrigentum and Syracuse, that the restoration of the Parthenon and other 
public buildings throughout Greece was undertaken. The temples at Selinus are said to 
have been built when the city was founded, 620 years before Christ, and it is asserted they 
were entirely destroyed when the inhabitants deserted the city 250 > ears after its foun» 
dation : could this be proved, they would rank among the first erected. 

The Propylea at Athens was built by Mnesicles in the 85th Olympiad ; and a few yealri 
afterwards, when ^^ericles governed, Ictinus completed the Parthenon, and probably the 
temple of Theseus. Tlie temples at Sunium and Phygalia were also the work of that 
renowned architect, and are deservedly ranked for their proportions and execution among 
the most graceful productions of Greek architecture. The temple of Jupiter Panhellenius 
in the Island of Egina was founded by Eacus before the Trojan war, but the ruins we 
now admire no doubt may be referred to the time of Pericles. 

The source of those beautiful efTects which have received the almost instinctive admi« 
fation of every age and country can only be traced by correct measurement, and a careful 
observation of the proportions of the masses, which will almost irresistibly convince us that in 
temples and fronts of porticoes one general law prevailed, and was applied to all tetrastyle, 
hexastyle, and octas^le arrangements, based upon the proportion of a cube. This is found 
to govern most of the designs executed from the time of I’cricles to the death of Alex- 
ander, the golden age of Greek art, when sculptors, painters, architects, and engineers were 
called fortli to vie with each other in their several branches, and workmen of skill and in. 


genuity were found to conbody the suggestions of their imagination ; and the results would 
1^ ps to suppose that the acm^ of perfection was attained, for since that period none of 
Hie pj^u^ions either in sculpture or architecture have equalled those of the Greeks in the 
simple elegance of their design, or the excellence of their execution. 

TUroMtyk Portieoet with four columns exhibit the simplest, and perhaps the earliest, 
application of the Doric order; the entire & 9 ade is comprised within a square, tbe height 
being divided into three portions, the upper constituting the '^tablature, and the 
other two-thirds being divid^ equally between the supports and theiAhree intercolumnia- 
tions, making tbe latter a little more than a diameter. We may imagine the square divided 
in hs height and width by 8, making altogether 64 com)>artments of squal area ; the uppot 
6 devoted tQ,|lM»|Mi<nent will have, when tbe inclined sides are set out, a diminution of one- 
half their area;^|^'ur whole squares being rejected in those parts above the pediment, the 
arse of the tympanum being only equal to four. The entire mass is thus reduced to the 
me of 60 of these equares, which are thus disposed of ; 20 are given to tbe support^ 
A s eobee to each column, 20 are dHjdid between tbe three intercolumniations, 
^ JIMI the remaining SK) constitute the load mfN^rted ; the jmhimns are 5 diameters in 
mid bear no more than their own weig^ i&djkt harmony being obtained througbi 
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'tMH I the eye b tMttfied diat ^ load eimilot distrcts lb bifiiMrtB, tad tSm qBMea betWNi 
tbe ■ app or ti ng masses are again proportioned and made equal to eltiier» lo that we hata « 
triple dWtsioOf^one, the per- 
pe^icular acrangemenb of the 
supports; another their just 
di^ibutaon or equal distances, 
and the third, the entablature 
proportioned to the strength 
that is to carry it, all of which 
are comprised within the boun- 
dary of a square, llie tetra- 
style porticoes that remain are 
not numerous, and none are 
perfect; three have been se- 
lected, which will enable us to 
test the idea we have attempted 
to define. First, that at Eleusis, 
the entire width of which is 
SO feet 6 inches, the height 
21 feet 6 inches; and if we 
reject half the height of the 
pediment we shall have a 
square : the united dia- 
meter of the columns only 
varies 5 inches in width 
firom those of the intercolum- Fig. 1037 . tbtsastylb poRricoss. 

niations. 

If we divide the height into three, rejecting, as already observed, half the pediment, which 
in this case is 1 foot ] J inch, we have for the height of the square 20 feet 4 inches, whilst 
the entire width is 20 feet 6 inches, a difference not very great : this divided into three, and 
giving two-thirds to the height of the columns, would make them only 13 feet 6 inches and 
8 seconds, whilst they really are 14 feet 2| inches in height In this example the entire 
height which we may call 21 feet 5^ inches, is divid^ into three, two parts of which 
constitute the height of the columns. 

In the Thnple rf Themit at Hhamnus, the width is ^0 feet 1 1 inches, and the height 
the same, the diameters of the columns being in excess 3 inches only above the width of 
the intercolumniations. 

In the Doric Portico at Athene^ the entire height equals nearly the width. 

HexaetyU Porticoes, — The practice of the Dorian architects, in setting out a temple 
with six columns in front, appears sometimes to have been to divide the width into twelve 
parts, the height without the pediment being made equal to eight of them ; thus forming 
a fii^ade within a parallelogram or a square and a half : as the ninth division in height cuts 
the pediment in hal^ we have thirty-six squares /or the entablature or mass supported, 
being the same quantity found in the six columns and the five intercolumniations ; at other 
times we find the entire widtli divided into nine parts, and six given to the height, one of 
which indicates the pediment, thus rising a ninth : if a circle be described in the tympanum, 
end a horizontal line drawn through tncr centre, cutting off a twelfth of the height, the 
remaining l>eing divided into three equal parts, the upper third, or entablature, being 
the part supported, the remaining | are divided between the columns and their interspaces ; 
thus making the columns equal to | of the height comprised between the centre of the 
tympanum and the platform upon which they were placed. 

If we take each of these nine parts as 5 feet, we have 4S foet for the width, 30 fpr the 
height, including the 5 feet for the rise of the pediment, which if we divide by the horisontal 
line, to obtain its true area or quantity, we shall heve 2 foet 6 inchett for its mean, height, 
end 6 feet 8 inches for that of the levd entablature : for as we have observed, these two 
dimensions, which make 9 feet 42 inches, must be equal to half tbe height of the columns, or 
the whole will not he divided into three parts; or, which b ilie seWw thing, the height from 
the centre of tbe pediment must be divided into three parts, and the upper divii^u taken 
for tjie entablature. These proportions are exceedingly simple in thefr epplication; if it 
were intended that the columns and tbe spaces between them should be e^Uat, half the width 
of the fii^ade, or 22 foet 6 inches, sbouldAb distributed among the uitcfoolumniationi^ 
and the other half divided among the eolunUmir . ^ 

The Tmple of Theseue at Athens is oae Of the best preserved as well as Ihe most admired, 
end was probably erected soon after ^<1 Mrihenon^ it is of Fcntelioan marble^ adoraed 
with admirable sculptures. Tbe total width of its hexastyle portico is 45 foet, and its betgbi, 
instead of 80, is 31 feet ; the extra foot, akbich prevento H being an exact sqim andabwlil 
giTen to die pediment, which probably baa undergone somedbange, aa it lisea 
than tbe ninth of its whole extent 
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Fig. 1028. UBXA8TYLB PORTICOES. 


The height of the pediment is 



Feet. 

5 

In. 

9*75 

level cornice 



1 

0*45 

frieze 



2 

8*55 

architrave « - 



2 

8*9 

columns 



18 

8*8 

and of the entire ra9ade 

• 

• 

31 

0*4 

Feet. In. 

half the pediment - - - • 2 10*875 

the level entablature . . • 6 5*9 

naking together a dimension nearly equal to half the height of the 1 
olumns. J 

^ 9 

4*775 


The fa9ade of this beautiful temple is diyided equally into three parts ; J is given to the 
ntablature, and the other two to the columns and their intercolumniations. Ibe outer 
olumns are 3 feet 4*85 inches in diameter, and all tlie others 3 feet 3*4 inches. The middle 
ntercolumniation is 5 feet 3*95 inches, the next two each 5 feet 4*05 inches, and those 
0 wards the angles 4 feet 6*35 inches. The diameters taken together are 20 feet, and the 
ntercolumniations 25 feet, so that the columns and their spaces are not in equal proportions : 
he former would have required a diameter of S feet 9 inches, which would have made 
hem nearly five diameters in height, instead of what they ore; they would have been heavier, 
t is true, but more in accordance with the early examples. 

The HexastyU Templet ai Rhamnuti Suniumt Egina, Eleutit, and Phygalia, are not suflS- 
liently perfect to enable us to decide whether our principles would apply to them ; but 
rom the judgment we can form from their remidns, they appear to have been all compriaed 
n a square and a half, and their entablatures and pediments in the proportion of a third 
>f the whole. 

The Hexattyle Temple at Segetta in Sicily is sufficiently perfect to enable us to judge of 
ts entire proportions. 

Feat. In. 

- - 76 0 

- . 50 8 

Feet In. 

- 31 0 

• 11 4 

- a 4 

Total 50 a 


Its total length is - • •* 

. and height . - . 

>r the whole facade la bowided by a square and a balfi 

The hdght of the columns is 

entablature • 

pfediment • 
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Feet la. 

Half tlie height of the pediment w - - - - 4 5/ 

entablature • - • -11(4 

Total height of superincumbent mass • - -15 0 

which is exactly one-half of 31 fopt» the height of the columns; so that we have, as hir 
height is concerned, J for the 8«p|rjiii0umbent mass or entablature, and } for the eolumi 
and their intercolumniations. 

• Feet. 

The columns have their united diameters - • - 37 

The intercolumniations ditto - - - - - 39 

so that they are not in exact equality, although the difference is not considerable. 

At Agrigentum art tfie remains of four Hexastyle Temples — That of Juno Lucina is witbot 
its cornice and pediment : the diameter of the columns is 4 feet 6 inches, and the entil 
width is 55 feet The united diameter of the six columns is 26, and of the five intercolun 
niations 29 feet 

The Temple of Concord is in width 57 feet, and in height 38 ; or it is comprised with! 
a square and a half. 

Feet. In. 

The height of the columns is - - - 23 0 

entablature • > - 8 0 

pediment - - -70 

38 0 

Tect In 

Half the height of the pediment is - - - - '3 6 

The height of the entablature - • - -80 

which is equal to half the height of the column - - 1 1 6 


Thus one-third of the entire height is given to the entablature or mass supported. Tl 
united diameter of the columns is 28 feet, and that of the intercolumniations 29 feet, tli 
iaUcr being a little in excess. 

Temple of Hercules . — Tlie total width is 84 feet, and height 56, which is a square and 
half 


llie height of the columns is - 
entablature 
pediment 


Fret. In. 

- 33 6 

- 13 0 

- 9 6 


Making a total height of - • . - 56 0 


The united diameter of the columns is 43 feet, and that of the intcrcolumnidtions 4 1 fee 
The height of the entablature and half pediment is in this case 17 feet 9 inches, instead i 
16 feet 9 inches, as it should have been to have equalled half the height of the columns. 

Temple of Castor and Pollux is imperfect, but the total width is 45 feet, of which tl 
diameters of the six columns occupy 24 feet, and the intercolumniations 21. The height \ 
the columns is about 20 feet, and that of the entablature 8 feet, as measured on the flan] 
This temple nearly agrees in width with the temple of Theseus at Athens, bgt jjj p*,\ 
portions vary ; there is not suflicient remaining to judge of its entire form. 

At Selinut are the remains of five hexastyle temples. In one the total extent is 51 fee 
of which the united diameters of the columnai^upy 24, and that of the five intei 
columniations 27 feet. The height of the entanHIire is about 1 1 feet, but that of Hi 
columns and pediments has not been yet asiiltained. 

The second temple is in width 77 feet 6 Itiches, the diameters of the columns occupyin 
37 feet, and the five intercolumniations 40 feet 6 inches ; the height is 50 feet 8 inches, i 
that the whole facade is included in a parallelogram, having a height not quite equal 1 
two-thirds its extent, or a square and a half 

. Ft. In. 

The height of the columns is • • - - 29 4 

entablature • - - - 13 4 

pediment - • • • - 8 0 

In all « • •• • -508 

which is a foot less than the required height 

In this example there is not an exact correspondence between the columns and wljat the 
mpports the entablaturq 8nd pediment occupy 13, the mtercolummation end il 
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eolumiw 1 1 out of the whole number, 36, into which the parallelogram may be fup> 
posed to ^ dWided. 

The third temple is not sufficiently measured to enable us to examine into its proper* 
tlons ; the total width is 79 feet, of which the united diameters of the six colurpns occupy 
36 Ibet, and the five intercolumniations 43 feet. 

TTie fourth temple is in width 84 feet 9 inches, and in height 56 feet 6 inches or a square 
and a half 

Feet. In. 

The height of the columns being - . • 34 0 

entablature - - *116 

pediment • - *110 

In all the height is . - - 56 6 

Ft. In. 

The height of half the pediment is - - - - 5 6 

the level entablature - • - - 1 1 6 

Making a height equal to half that of the columns, vii. - 17 0 

Thus the heights are in just proportion, one-third being p^iven to the cntablatiire and 
pediment, and the other two-thirds to the columns and their intermediate spaces, which 
are in the proportions of 44 feet 9 inches for the columns, and 40 feet for the five inter- 
columniations. 

The fifth temple is 81 feet in front, the six columns occupying 37 feet 8 inches, and the five 
intercolumniations 43 feet 4 inches. The height of the column is 31 feet, and the entabla- 
ture 1 5 feet 6 inches, or one-half the height of the column, so that, without the pediment, 
the entablature in this example would constitute a third ; and if the pediment had only risen 
7 feet 6 inches, to make the general proportion a square and a half, these columns would 
have had more to sustain than any other example we have yet referred to. 

OctaatyU Templea . — We will now apply these principles to a fa 9 ade with eight columns, 
and endeavour to follow the same system. We have already had a square, and a square 
and a half, as the form or figure within which the design was comprised ; the portico of 
four columns being circumscribed by the one, and that of six by the other ; and as in the 
octastyle there are double the number of columns contained in the first, a double square is 
required to comprise it, that the same relative proportions may be obtained. 
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After the width of the fa 9 ade is determined, it is dirided into sixteen parts, and ten are set 
out ht the height to the top of the tympanum of the pediment ; which generally rising a 
ninth of the extent, two divisiona will serve to denote it» and if a circle be inscribed in Uie 
tympanum, and a borisontal line drawn through the eentre^ we shall have a pandlelogram 
16 squares in width, and 9 in height 

Six squares in height will determine the under side of the entablature, which, if Prided 
equaUy between the columns and their intereolumniaUjOns, would 68 squaret to each, 
which preek^ the prcipat^oiOM of the example we are tibqut to examine, 

81^2 



PRACTICE OP ARCHITECTURE. 


Book IIL 


tf48 

27U Parthenon or Temple of Minerva at Athene is admitted to have the most beaniiiUl 
proportions of all octastyle Greek examples ; its entire width, measured in the front of tho 
oohimns at the base, is 100 feet 9 inches, and its height to the centre of the tympanum, firom 
the level of the platform on which the columns are placed, 51 feet inches, SO inches only 
beyond what it should be to accord with the rules laid down. Dividing this height into 
three parts, we have in round numbers 17 feet 1 inch for each : the height of the 
entablature and half pediment is 17 feet, and that of the columns 34 feet 2 inches, precisely 
one-third of the height being devoted to the entablature, the lower two-thirds being divided 
between these and their intercolumniations ; adding all the diameters together, we have 
49 feet 6 inches ; the intercolumniations being 5 1 feet 3 inches, or only 1 foot 9 inches in 
excess for the latter: hence if a parallelogram or double square be divided into 40| squares, 
and 13| be given to the columns, the same quantities to the intercolumniations, the en- 
tablature and its pediment, we should have the general proportions of the Parthenon, the 
difference before alluded to being too slight to produce any effect on the eye in so large a mass. 
'Hie height to the centre of the pediment is'51 feet 2J inches, consequently the width to make 
It an exact double square should have been 102 feet 5 inches, instead of 100 feet 9 inches; 
and this difference may have been occasioned by the difficulty of setting out the triglyphs, 
or from the idea that the width, as measured along the corona, should have some con- 
sideration, and a mean be established. 

As we have before observed that the Parthenon is considered perfect both in its design 
and execution, a more detailed account of its construction and mouldings will be the best 
illustration that can be offered on the subject of Greek masonry, premising that in the pre- 
sent instance it is all of the finest marble from Fentelicus. 

The Doric Column varies considerably in its proportions, some not being more than four 
diameters in height, whilst in other examples they are from that to six and a half : those 
we are now considering are formed of twelve blocks ; on the upper and lower bed of each 
are described two circles, the circumference of the outer being 9 inches from the edge, 
whilst the inner circle is only 20 inches in diameter. The space between these is not 
polished, but left rough as from the chisel, and a little sunk for the purpose of retaining 
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a fme mortar or cement In the centre of each block is a square hole, measuring 5| inches 
on each side, sunk 3 inches in depth ; in these were inserted pieces of hard wood, 6 inches 
in length, to steady the blocks, and keep them from being displaced, particularly at the 
time the ffutes were worked, or the exterior was undergoing the process of polishing. 
The outer columns are 6 feet 3^ inches in diameter at bottom, and the others 6 feet 
inch, the upper diameter of the latter being 4 feet 9} inches: their total height is 34 
wet 2^ inches, or nearly five diameters and a half ; the diminution is not regular, there 
being at a certain height a swelling or entasis, which improves the outline, and destroys 
that roeagreness which is the result of a straight line. The angular column is a little mors 
in diameter, that it may not appear less than the others, which are not so surrounded 
by air. 

, The shafts have generally twenty flutes, uniting in an arris, and not with a square fillet 
between them, as in the other orders; they are elliptical in some example^ as at PspstuiUf 
where dwir number is 16 and 24; the heads are variously finished. The capital of ibis 
order varies in its height from | to | of the lower diameter of the eohmins, and tN 
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abacus is sometimes more than ) longer than that widths all these proportions depending 
more upon the height of tho column than upon its louder diameter. 



Piff. 1033. BKLlIfUKTtTM. 



riff 1034 


Under the abacus is the echinus or ovoloy which is beautifully turned, or cut like the 
bell or profile of a flat cup, under which are usually from 3 to 5 annulets. The contour 
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or profile of the echinus is a portion of a curve formed by the section of a cone. Where 
the capital is placed on the column is another sinking, and sometimes three ; and the true and 
delicate manner in which these lines are cut gives that more elaborate sculpture fails 

in attaining. ’ 

Tlie architrave of the Parthenon, which extends from the centre of one column to that 
of the other, is in three thicknesses, showing two joints on the sofhte. The frieze is admirably 
contrived not to overload the architrave . the triglyi^ are each in a single block, 3 feet 
wide and 2 feet S inches in thickness. On each side is a perpendicular groove IJinch 
deep, into which the sculptured metopes are slipped, the clear width between the triglyplK 
being 4 feet 3^^ inches, and the angular one 3 inches less : at tho back of the metopes, and 
between the triglyphs, is a hollow space, from 8 to 14 inches deep. The metope is held to 
the back of the frieze by a metal cramp in the form of an H, 2 feet long, and attached on 
each side to the adjoining triglyph by others 17 inches in length. The cornice is in one 
thickness; the angular block covers two mutules, each of the others one space and a 
mutule. For fUrther particulars of the construction of the Parthenon, and for several 
dimensions omitted by Stuart, the writer must refer to some notes he added a few years 
after his return firom Athens to his wife's (Mrs. Cresy) trwslation of **The Livea of cele- 
brated Architeota, ancient and modern, by Francesco Milizia,** S vols. 8vo. 1828, 

In tk$ DarU Ord^r we may trace a reason for the direction given to the several lines, 
whether perpendioulxr or horizontal ; and although there is great variety ilk the form of 
Ute membtra, yet wlieA examined in detail, nothing will be found to ^sturb the uxJ^ 
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lonie Proportions This style seems very nearly coeval with the Doric; it is supposed by 

some commentators to be of Acliaic origin, by others of Persian ; both Greeks snd 
Persians may have contributed to its formation ; the term Ionic v as applied to it by Vitru- 
vius, from Its being 6rst used by the inhabitants ot Ionia ; the few perfect examples re- 
maining are of the greatest beauty, both in design and execution. 

The shores of Asia Minor, in the reign of Medon, the son of Codrus, were taken pos- 
session of by a number of Greeks, who commenced their migration about a thousand yeais 
before Christ ; after they had passed from Attica, they first mixed with the inhabitants of 
Caria and the Leleges. Helen the son of Deucalion, who reigned in Phthia, situated be- 
tween the rivers Peneus and Asopus, having left his kingdom to his eldest son, the others 
sought for settlements elsewlaer®: Dorns established himself in the neighbourhood of 
Parnassus and Xuthus in Attlfcwdiere he married the daughter of Erechtheus, the sove- 
reign of Athens, and had by l|(ir|iM|K)ns Achseus and lo. 

Jo with a number of folio Athens went into the Peloponnesus and established 
himself at ^gialus, a place on the sea-shore lying between Elis and Sicyonia ; here he 
married the daughter of Selinuntus, king of that district, at whose death he succeeded to 
his dominions ; lo built Helice, and called the inhabitants lonians. Sumo time after lo 
was recalled to Athens to command the troops in a war against the Thracians, over whom 
he obtained a victory ; the Athenians inconsequence designated themselves lonians. Attica 
was divided by lo among four tribes, the Geleontes, the Argades, the ^gicores, and the 
Hopletes, the names of his four sons, or according to Strabo, labourers, artisans, priests, and 
guards. 

When Erechtheus died, Cecrops, his eldest son, succeeded, and Xuthus, his other son, 
was driven out of Attica ; in the country he afterwards inhabited he built four towns, 
(Enoe, Marathon, Probalinthus, and Tricorythus, after which he died at .ffigialus ; his son 
Achaeus then passed into Laconia and Thessaly, when he recovered his father's dominions ; 
his two sons Archandar and Architeles went into Argos, where the^ married two daughters 
of Danaus, one of the royal &mily of Argos. The Lacediemonians and ^geans were 
called after Achaus Achseans, until the return of the Heraclidoe, when they were driven out, 
and obliged to flee to JEgialus and into Attica, where the lonians again received them on 
account of their common origin. 

At' the death of Codrus, his youngest son Nileus embarked with all the lonians into 
Asia, where they occupied eight of the Ionian cities, viz. Miletus, Ephesus, Myus, Teoi, 
Priene, Lebedos, Erythre, and Clazomene ; the other four founded by the lonians were 
Colophon, Pbocaea, Samos, and Chios. The lonians formed themselves into twelve states^ 
because, according to Herodotus, they were previously so divided in the Peloponnesus; the 
names of the cities from whence ^ey were eijected were Pellene near Sicyon, .^gira and 
Mg», Bura, Helice, JEgium, Rypie, Patrw, Pbarss, Olenus, Dyme and Tritwa, the laet 
be^ an island. 

Tne inhabitants of Athens who migrated ftrpm the Prytaneum were the most rmWff 
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•iiKHig 4lw XmliAi »R «delirated th* AploriaB fttiind, Aara wbisb aloM tb« 

Epbetuia «na Cci3<»p(lioiit«uis wen «iclade<l, were efto^erds-ealled loniiuti. 

The jxppt^UtioDui Zlorie* lonie, imd CortnthUii are decivifd fiMm>>^Vitrciviut 4 but it ap« 
pedta douhtfiil trhi^er these terms were current among we Greeks: that author 
tsserts that the €nt is the most ancient ; ** for Dorus, the son of Hellen, and the nymph 
Orseisi built the temple of Juno at Argos of this order when be reigned over the whole of 
Achaia and Peloponnesus: that many temples afterwards erected throughout Greece were 
of the Doric order» but by command of the Delphic oracle in a general assembly of the 
different states of Greece, thirteen colonies were sent into Asia, who built the cities 
before mentioned, and erected temples ; among the first they dedicated was one to Apollo 
Fanionios, having Doric proportions, and another to Diana, in which some variations was 
made. The first was of a masculine proportion, the other feminine, and the latter was the 
invention of the Ionian settlers, and ^erwards called from them Ionic. 

But if it be difficult to trace the Ionic order to its origin, we may analyse its proportions, 
and compare them with that order wldidi prevailed so Universally in Greece, which will 
lead us to remark that a very great change took place when the rules that guided the 
Doric builders were laid aside : at no other period were such material alterations made in 
the proportions of the masses the columns, entablatures, and intcrcolumniations ; to the 
Corinthian, so universally used in later times by the Homans, the feminine proportion* 
were applied which are stated by Vitruvius to have commenced with the lonians. 

There is of course much fihle in all the accounts that have reached us upon tliese impor- 
tant changes, but among them is one which seems to carry with it some semblance of truth, 
and which is as follows; — “when Uermogenes was employed to erect the temple of 
Bacchus at Teos, according to Vitruvius the marble was prepared for one in the Doric 
style : hut the architect changed his mind, from the idea that other proportions, afterwards 
called Ionic, were more suitable for the purpose, almost inducing the inference that Hermo- 
genes was the inventor of those delicate proportions ; he appears unquestionably to have dis- 
played great skill and ingenuity in all his designs, and to haVe entertained the opinion that 
sacred buildings should not he constructed with Doric proportions, as they obliged the 
adoption of false and incongruous arrangements.” 

To obtain more delicate proportions, without sacrificing the great principle of making the 
weight supported equal to its supports, would seem at first difficult : in the example of 
the Doric order we have seen this practice universally adopted, and it is equally evident 
in the Ionic, though not exaetly after the same method ; the columns and their entablatures 
or what they carry, agree in quantity, but their distribution is different. The square or 
figure which bounds the Ionic fa 9 ade is divided into four parts, one of which is given to the 
entablature, a second to the columns, and the other two, or one half, arc distributed among 
the intercolumniations. 

In the quantity of material for constructing the two varieties of temples there is a con- 
siderable aifference, the Doric requiring one-third more than the Ionic ; for example, in a 
Doric tetrastyle portico where the area was 12, four parts would lie given to the entablature, 
four to the columns, and four to the intercolumniations. In the Tonic three parts would )>o 
required for the entablatures, and three for the columns, six being allowed for the inter- 
columniations ; thus one temple would have eight, and the other six parts solid out of 
twelve, consequently, with a given quantity of materials, two very different porticoes 
might he built, without making any change in the proportions wnich the columns 
(tear to their entablatures. Hermogenes could construct with the same material a much 
larger temple in the Ionic style than in the Doric ; and supposing the dimensions already 
decided upon, there would be a saving of labour and material; from the imperfect 
state of the Ionic temples remaining, it is scarcely possible to enter into a thorough exami- 
nation of their proportions; that on the Hissus at Athens, measured by Stuart, no longer 
exists, but its dimensions, given by that very accurate delineator, may serve our purpose 
as an example of a tetrastyle portico. Its entire width was 18 feet 7| inches, and height 
to the top of the level cornice in front 1 8 feet 4 j inches, to which must be added that of 
the tympanum of the pediment : multiplying the width l>y the height of the entablature and 
half the pediment, which together is 5 feet 7 inches and 10 parts, we have for the area of 
the portions supported 105 feet 4 inches and 9 parts i the quantity contained in the four 
columns is found by multiplying their united diameters, 7 feet 1 inch and 7 parts, with 
their height, 14 feet 9 inches and 4 parts, giving a product of 105 feet 4 inches and 9 parts 
as their area. The united intercolumniations in this example are 1 1 feet 6 inches and 2 
parts, which multiplied by the height of the columns is 170 feet 1 inch and 9 parts for the 
area ; 40 feet 7 iuches and 9 parts less than it would have been had it equalled the quantity 
contained in the columns and their entablature, or been one-half the entire area of the fii^ade* 

The portico of this elegant example of Ionic was nearly a square without the pediment, 
and the supports and supported are in exact accordance aa to quantity, whilst the inter- 
columniations are about 1} times the quantity contained in the columns, instead of 
double. Departuig a Ut^e from th^ proportions before us, let us endeavour Co set out a 
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portico, as already done for the Doric order, having the same number of columns, and likt 
the tetrastyle eustyle of Vitruvius, divide each side of the square which circumscribes it 
into 11 J parts, premising that the pediment rises a ninth and one side of the square passes 
through its centre. The side of the square being divided into llj parts, 1 is given to the 
diameter of the columns, S parts to the middle intercolumniation, and 2J to each of the 
others; thus the sites for the columns are obtained; dividing the upright sides of the 
square into the same number of parts, 8J are given to the height of the column, and the 
remaining 3 to the entablature and half pediment. 

Multiplying 11 J by the same, we have for the entire area 132j, which if divided into 4 is 
S3 and a fraction for the columns, the same for the entablatures, and double that for 
the intercolumniations ; the columns being four in number and diameters in height, 
their area will be 34 paits; the intercolumniations being in their united width, that 
multiplied by 8i, |heir height, gives 63j for their area, and the entablature being 3 high 
and llj in widuHj^ have for its contents 34^ parts, giving a result of nearly a fourth 
for the entablature |ik well as for the columns, and a half for the intercolumniations. By 
making some allowance for the diminution of the columns, an exact agreement between 
the quantities might be obtained ; those in the intercolumniations would then be found 
equal to those in the entablature and its supjiorts, or half the entire square devoted to solid 
and the other half to voids : had the columns of the temple on the Ilissus been about 1 inch less 
in diameter, its proportions would have been in close accordance with those of the figure^ 
where the 4 columns occupy 38 squares, the entablature the same number, and the inter- 
columniations 76. 

Ionic Hexastyle, Temfic of Erechtheu$ at This highly-enriched example, executed 

in the finest marble, is in height without the pediment 26 ket 6| inches, and in width, 
measured along the front of the corona, 40 feet 6 iiwivM, to that this portion is comprised 
within a square and a half or nearly so i the lower Aianvetet of the columns is 2 feet SA 
inches, and the upper 1 foot 11^ inches, giving a moflkp of 8 feet l-jj, inches ; their colleoteo 
diameters are 12 feet 9 inches, whilst that of intereolumniatioos at the same level it 2S 
feet 1 A inches, nearly double the space occupied by the columns. The height of the en- 
tablature without the pediment is 4 feet 1 1} inobe8,«.aiid jits superficial content on the feee 
t90 feet, and adding 85 feet for the area of the tympanum, we have altogether 2* B feat 
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lupposing the t 3 niipanum to rise a ninth of its base ; the height of the columns is 21 feet 
7J inches, and their united mean diameter 12 feet 9 inches, whicli being multiplied together 
produce 275 feet 8 inches, or nearly equivalent to the area of the mass they support. I o 
obtain the exact quantity of moss and void, the mean diameters of the columns as well 
as of the intercolumniations should be taken ; the greater the probable delicacy of ex- 
ecution, the greater is the necessity for the architect to balance his quantities exactly. In 
the subject now under consideration the whole is comprised within a square and a half; the 
supports and the entablature are equal, and the intercolumniations as much as the two to- 
gether or one-half the whole. The height of the architrave is 2 feet inches ; that 
of the frieze 1 foot 1 IJ inches, and the level part of the cornice inches. 

Roman Tetrastyle. Ionic Temple of Fortuna Firtlis . — The width is 33 feet 6 inches, and 
height, including half the pediment, 37 feet I inch, comprising an area of 1242 feet 4 inches, 
one quarter of which, 313 feet 1 inch, nearly agrees with the quantity contained in the 
entablature as well as in the columns which support it ; their height is 27 feet, and their 
united diameters 12 feet 4 inches, which multiplied together produce 333 feet for the area of 
i^the supports. Tiic height of the entablature with half the pediment is 10 feet 1 inch : this 
multiplied hw ks width, 33 feet 6 inches, gives 337 feet 10 inches for the area of that supported : 
the interc4iii|ip^^ are together 21 feet 2 inches, which multiplied by their height, 27 feet, 
gives 571 f t acj tp ft nches for their area, about 100 feet less than the quantity comprised in 
the columns md entablature. 

Without the pediment this facade is nearly square ; its proportions rank very high in 
the estimation of all admirers of lloman architecture ; it has, however^ imdergone many re- 
parations before the stucco was put upon the columns; they were lighter, as was the entab- 
lature, the upper members of tlie cornice being somewhat heavier than is usual in the 
early examples of this order ; if divested of these additions, and giving a trifle more to the 
intercolumniations, we shall obtain half the area for the columns, and a quarter for each of 
the other divisions ; at present the columns equal in quantity the mass they carry. 

If it be required to draw a tetrastyle portico tn exact accordance with the rules laid 
down, after forming the square each side should be divided into 12 parts, or 144 squares, 
arranged like those of an abacus : one of these divisions on the base would become the dia- 
meter of the column, and nine their height, the other eight on the base would be devoted to 
the iutercolumniations, and the uppei; three of the height to the entablature. The columns, 9 
diameters ih height, would thus comprise 36 squares, the intercolumniations 72, and the 
entablature and half pediment 36 ; consequently the columns and entablature would be 
equal in quantity, and the inteMolumniations half the whole, or equal to the contents of 
the supports and supported, 

Roman Rkxaetyh, Corinthknw MhUon Carrie at Mtmes. — 'Hiia beautiful temple has 
undergone several restorations ; entire width and height to the apex of the pediment is 
43 feet 8 inches, from whence it has derived its name. The height of the columns, inclvd- 
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ing base and capital, is 29 feet 6 inches, that of the entablature 6 feet 9 inches, and of the 
pediment 7 feet 5 inches ; taking airay half the height of the pediment, we have 39 feet 
11 inches and 6 parts, which may be considered as 40 feet ; this multiplied by the width 
produces for the entire area 1746 feet 8 inches. The supei^cial content of pediment ano 
entablature, 456 feet 8 inches, is obtained by multiplying the entire width by 10 feet 
inches, the height of the entablature and half the pediment, which super6cies is only 20 feet 
2 inches more than a quarter of the whole. The united diameter of the six columns is 
1 7 feet 6 inches, and that of the intercolumniations 26 feet 2 inches, so that they are in 
the proportions to each other of 2 and 3, the whole being 5, one having an area of 
515 feet 9 inches, the other 772 feet ; when added together iliey are nearly three timem the 
area of the part supported. 

The proportion iWtween the columns and intercolumniations of the temple at Assissi is 
also similar, the height of the columns is 32 feet 10 inches, and the total width of the six 
52 feet, which dimensions multiplied together produce 1707 feet 4 inches, one*fifth being 
341 feet 6 inches nearly. 

The area of the columns is 684 feet, and that of the intercolumniations 1023 feet 4 inches, 
giving a proportion of two-fifths and three-fifths. The entablature, pediment, and pedestals 
upon which the columns are placed seem to have undergone a change since their erection. 
If the whole extent of an hexast)le portico be divided into 18 parts, and one be called the 
diameter, to obtain the same proportions as those laid down for a tetrastyle portico, the height 
up to the centre of the pediment must include 12 only of those parts, which nould give a 
portico of a square ana a half, comprising 216 squares ; the 6 columns, each 9 diameters 
in height, would require 54 ; the 5 intercolumniations, double that number, or 108, and the 
entablature and half pediment 54. 

Roman Octastyle. — The Pantheon at Rome, which has a portico of 8 columns, is one ol 
the best examples that can be selected for examination. The total width is 109 feet 10 
inches; the diameters of the eight columns 39 feet 5 inchos, and the seven intercolumnia* 
tions 70 feet 5 inches, or nearly in the proportion of 1 to 2. The height of the columns is 
46 feet 5 inches, and that of the entablature and half pediment 23 feet 2\ inches, togethei 
€9 feet 7J inches, nearly a square and a half, the area of which is 7647 feet 2 inches. 



The united diameter of the columns, 39 feet 5 inches, multiplied by their heighti gives 
1 829 feet 7 inches, and the collected intercolumniations multiplied by the same height will 
be 3268 feet 6 inches : multiplying 109 feet 10 inches by 23 feet 2| inches, we obtain for 
the area of the entablature and pediment 2549 feet, which, rejecting parts of an inch, will, 
when added to the two other calculations, make up a sum agreeing with the entire area. 

Feet. 

- . 2549 

1829*7*1 
3268*6 f 

- 7647 


ine supported is • 

The area of columns 

of intercolumniations 
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PRINCIPLES OF PROPORTION. 

A line drawn throng the centre of the pediment, another at half the height of 
the columns, and a third under the entablature, would divide the height into three 
equal portions, proving that, in this example, the Romans made the part supported one- 
third of the whole, and divided the other two between the columns and their intercolumni- 
stions. The shaft of each column is cut out of a single block of granite ; they are not 
sufficiently delicate to he exactly in the proportion of half the quantity contained in the 
intercolumniations ; but if allowance be made for their diminution, the difference is not 
very great The whole width being 109 feet 10 inches, the third, 36 feet 7 inches and 4 
part^ is nearly a mean l^tween the collected diameters of the top and bottom of the shaft, 
makinfl^ the intercolumniations double the quantity contained in the supports, or equal to 
that of the supports added to the mass they carry. The whole would then be divided into 
four, as in the previous examples of the Ionic, and two portions given to the intercolumniations. 

The Pantheon Portico is a double square without the pediment, or nearly so, the length 
of the level cornice, which crowns the entablature, being double the height of the order : 
this, no doubt, was the outline of the proportions before the heavy pediment was placed 
upon it, which in all probability was heightened beyond the ordinary rise of a ninth, for 
the purpose of concealing the wall behind it. The Roman proportions are frequently 
made independently of the pediment ; the tetrastyle porticoes are a square, the hexastyle a 
square and a half, and the octastyle, as in this instance, a double square without it. 

To set out an octastyle portico, in which half the pediment should be comprised within 
the double square, after dividing the width into 24 and the height into 1 2, which multi, 
plied produce 288 squares, 72 are given to the column, the some to the entablature ano 
half pediment, and double that, or 144, to the intercolumnations, or proportions similar to 
those laid down for the tetrastyle and hexastyle porticoes. The columns in such a case 
would be nine diameters in height, the entablature and half pediment three : supposing the 
latter to rise a ninth of the span, the remainder would be distributed among architrave, 
frieze, and cornice. 

We have endeavoured to show the proportions recjttired in a tetrastyle, hexastyle, and 
octastyle portico among the Dorians, the lonians, and their followers the Romans : the 
square and a half, or the double square, were the outlines or boundary figures from whence 
the other propoitions were deduced. 

The great difference of character in the Doric and Ionic designs arises from the distance 
at which the columns are placed, which affects the proportions of the entablature laid 
upon them, as well as that of the columns themselves ; where thcoe are six diameters in 
height or consist of six cubes, they are made to carry the same quantity, whatever may be 
their distance apart, and where drawn out to nine diameters, they have only their own 
weiglit to support ; but the form given to this weight, or the proportions of architrave, frieze, 
and cornice, vary, as the intercolumniations are of one or more diameters. 

It has been too generally considered that the orders derived their proportions from the 
lower diameter of the columns, without reference to their application : this has produced a 
variety of design, but at the same time occasioned a great departure from the true principles, 
and led to very important errors. Tlie Tuscan, the Doric, the Ionic, the Corinthian, and 
Composite orders have been laid down in modules or measures of various kinds, which tlio 
young architect has adopted as mere isolations, regardless of the many other considerations 
which have stamped beauty on his model ; hence we have imitations, but soul is wanting. 

Tl)c Doric order is treated of as so many diameters in height according to its age, and tl>e 
entablature is said to be heavy or light, as it was of early or late execution ; the other 
orders have been chronicled in a similar manner, and architecture has been fetteied, and its 
great principles lost, or at least neglected : it is true that the outline which hounds the 
figure has undergone but few changes, but the subordinate parts or the filling-in are sus- 
ceptible of interminable variety. An object inscribed within a circle is perhaps the 
most easily compassed by the eye, next that within the square, and when a building 
is vast, and distance is necessary to comprise a view of the whole, the double square; 
beyond this the ancients seem seldom to have gone for the proportions of their fa9ade8, or 
of a portico intended to be seen in front. After the masses were proportioned, their de- 
corations were more various than the buildings themselves ; no two are perfectly alike, 
but the great difference is in their ornaments and enrichments, or in the number of diameters 
contained in the height of the columns. 

The Parthenon and Pantheon porticoes are both octastyle, each admitted to be as beau- 
tiful as they can be — one the peifeetion of sober grandeur, tiie other of cheerful lightness ; 
one Greek Doric, the other Corinthian, both comprised within a double square, and having 
their columns equal in quantity to the mass of entablature they support : where, then, is the 
cli^rence between the two examples? It results, as we have already seen, from the mate- 
rial in the one occupying two-thirds, and in the other only half the entire area. In 
the fu 9 ade of the Parthenon the eye has ono-third void only to contrast with the solid 
matter, and in the Pantheon hali^ which proportions soem to have been established by the 
lonians, and usually adopted by the Romans. 
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Tn proportioning the architrave, trieze, and cornice, care must be taken that no more 
in laid upon the columns than their own bulk : when the latter are one diameter apart, 
this quantity will be greater in height than when they are further distant; so that 
the greater the intercolumnlatiou, the lighter in appearance will be the entablature, the 
columns still bearing the same weight, nor need £hey be increased after it is ascertained 
that they are competent to their duty : to do so would be to employ material in excess, 
rhich it should be tlie aim of an architect to avoid. 

If we now examine the portico of the Pantheon, we cannot fail to perceive the agreement 
existing between the parts supported and their supports. 


The mean diameter of the columns is 
Their height, including capital and base 
The solid content of each 
Consequently the cube of the whole 8 is 


The mean width of the architrave and frieze is • - • 

Their height 

The solid contents of the entire length, 110 feet, is - 
The mean width of the cornice is 7 feet, length 114 feet, height 3*6 feet,' 
and its cubical contents 

The solid content of entablature 


ft. 

in. 
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7 

• 46 

5 
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10*6 
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S 
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which leaves little more than 100 cubical feet of difference between one and the other; 
and if the crown moulding returned on the flank be comprised, the quantity contained in 
the entablature would equal that of the eight columns. 

The pediment is omitted altogether in this calculation, it being in reality, though not 
in appearance, an additional load for the eight columns beyond their regular entablature, 
which is of marble, and weighs probably 452 tons ; the granite columns with their marble 
bases and capitals are something more than that quantity, and these, including the entabla- 
ture and pediment, probably contain upwards of 2(XX) tons of material. 

The CajMk of the Columns of the Pant/teen arc admitted to rank among the best examples 
found in though not so highly and elaborately worked as those which decorate the 

columns oflHmmple of f Jupiter Stator) the Dioscuri, yet they are remarkable for the 
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elegant arrangement of the ornaments: fbrther details will be found in Ta)r1or & 
Cresy*8 Arehiteetural Jntiquitiei of Bctm, whence the detiuJs here given have been selected 



4i<boii^ the Romani M not improve the arts which the Gredu had imead among 
^7 the Introduotion of the arch they materially altered the eharaeter k the arefai- 
teotnr* nniAtiied before the time of the ^oifolici this feature alone produced eidirely 



958 PRACTICE OP ARCHITECTURE. Baoa III 


different comtruction, end the errerel ehimget it has suioe undergone In ibrm be^ mm d 
to esUl^iA e Teriety of stylesi as we shell efferwerds find. 

Sewers, aqueducts, bridges, theatres, amphitheatres, faatlis and triumphal arches, all 
eihibit the arch in its most useful application, and as did the halls of the baths Tauliing 
of stupendous span; the dome of the Pantheon being 143 feet 6 inches in diameter in* 
terns] ly, cosered by a hemispherical dome. 

Sjfmmetrp, as understood by VitniTiua, seems to relate more to the proportions of the 
fis^ade thui to those of the detail ; but he doubtless intended it to be understood that 



n»io«s. 


ABQBWST, ts CHS ^ soaua Ml toumiuk** 


, jprieelhsrmonr iliould sub^ between them ns well ns between endi pnrtieular mendieri 
b^eirer subordinate $ ee in the welUibraied bunten fignfe, ell the Umbe beiiy In dtm pith 
portbo, the whole wto combined prodtteee true symmetry t and the seme nutMHrineielsfinq^ 
^enui^y on n emftil .study of the nAm upon udilcif this is Ibmided, pr o yis y ihnl Ibn 
d&el 4esme| lantiol be pr^ueed bynmmfAfI of imeyt or whni is enianiio^ 
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A buUdiDf(f though entirely devoid of ornament, may be rendered beaiitifuJ by the 
justness of Us proportion, and the richest ediBce vvanting in this never can exeit^ admira- 
tion : ia 9 adea having but height and breadth, these two dimensions must be equal to each 
other, if we adopt the symmetrical proportions prescribed by Vitruvius, ibr be observes 
** the square includes the human figure either lying down or standing in an erect posture, 
the arms being stretched out** Temples, triumphal arches, and other buildings left us by 
the Greeks and Romans were decidedly designed upon thb principle, as were most of tlie 
facades of the religious structures erected since the fall of the Roman empire. 

Id the ** Songc de Poliphlle,** originally published in Italian by Aldus in the year 1499, 
arc some observations on setting out a facade, which convey some idea of the principles 
adopted for the formation of a perfect and harmonious design on the revival of Roman 
architecture. 

^ Draw a square figure, divided by three perpendicular and three borisontal lines, at 
equal distances from each other, forming sixteen squares ; on the top of the square add a 
h^f square, which, similarly divided, makes altogether twenty-four squares : in the lower 
square draw two diagonals, crossing eight squares in the same manner ; then form a loxenge 
above the great square, tracing within it four lines on the four principal points that separate 
the four sides of the void.** 

After understanding this figure, I thought within myself what can modern architects do^ 
who esteem themselves so learned without letters or principles? They neither know rules 
nor dimensions, and therefore corrupt and deform all sorts of buildings, both public and 
private, despising nature, who teaches them to do well if they would imitate her: 
good workmen, brides their science, may enrich their work either by adding to or diminishing 
therefrom, the better to please the eye, but the mass should remain entire, with which all 
should be made to harmonise. By the moss is understood the body of the edifice, which, 
without any ornament, shows the knowledge and spirit of the master, for it is easy to 
embellish after any invention ; the distribution and arrangement of the parts is also a matter 
of consideration ; hence we may conclude that any workmen or their apprentices know 
how to ornament a work, but to invent lies only in the heads of the wise. 

Taking ftrom the square and a half, the loxenge and the diagonal lines leaves the three 
perpendicular and tlie three horisontal, except that in the middle, which terminates in the 
centre of the perpendicular, cutting it into four parts or portions ; by this rule will be found 
two perfiset squares, one above and one below, each containing four small squares, which 
form the opening or doorway ; now if you take the diagonal of the lower square, it will show 
vou what thickness must lie given to the centre of the portico ; if you carry it straight, the 
line will servo to denote the architrave : and the point of the centre of the upper square 
will show you the centre of the arch or curve to be given to the door ; turning a semicircle 
it will rest on the transverse line, which cuts the square and a half into two equal parts ; but 
if done by any other means I do not esteem it peifecL This method was invented by an- 
cient and expert masons, and observed in their arches and vaults, to give them both grace 
and solidity ; the pedestal on which the columns rest oommenoes at t£» level of the pave- 
ment by a plinth, and the whole is a foot high, furnished with mouldings ; one portion 
is divided into architrave, ftieso, and cornice, the latter being aomething more than the 
others ; that is to say, if the architrave and friexe contained five parti, the cornice should 
be six. Tlie whole twenty-four squares form a square and a half; then divide the upper 
half into six parts by five horisontal and five perpendicular lines, and draw a line from the 
centre of the fifth transverse to the comer of the great perfect 8(|uare, where the architrave 
commences ; then draw it pemendieular on the key of the archivolt, and it will show you 
the height to be given to the frontispiece above, the extremities of which should unite and 
relate to the proj^ion of the cymatium and its moulding 

Central IVfactpfrs. — It would appear that all the princip^ Roman triumphal arches wtfh 
^ngle openings were a square, either oompHsing or excluding tbinr attics : thiit the oentru 
from whence the archivolt was struck was the centre of the square, or if the %ad6 wit 
pore than a square, as the arch of Tngan at Ancona, then where the two diyUils crossed 
||ie centre was fixed. The width of the opening is generally half the enti|£|SlMi some* 
ttmci three parts out of seven. • ^ 

These triumphal arches were generally surmounted by a group of fimtres, or the car ehd 
horses of the conqueror, aocompanied by bit companions in arms and uie trophies obtained 
from the enemy ; these, as^ahown on several medali, appear to be equal in hei|^t to | of 
the entire edifi^ upon which they are placed, the attic and entablature repreeefttipg and 
the eolumns and pedestals the other | ; and as thefturmer are nearly Oqual in th^r bm^t, it 
follows that the bom and bis rider, or the ear and its triumphant hero, were double 
height of the pi^ul on which they were plaeed, for so we may eonsader the etdo 
which contaltaod the inserlptloii* the body of the aieh b^g a perfect square, and in oorteet 
pmortioili without tha attio. llie depths of these arehei varladi that of Constantine al 
Rom h fiiaily *Jhi same as the width of the gveai eantre openliqiiMiAuty ^ 
otheii m lew ^ that proportion} but H aespi that the ^tfoe wfdj thfr m ee itu p tel 
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Himdtd ^ propofw 
nbm, as diown in fig. 
1053* The leTerel 
RonuM examples a^ 
lected differ In ar- 
rangement, but not 
in principle, firom the 
deacripiton given bf 
Polip^le: tekeasraj 
the pedestals <m wideh 
the eolumns are 
placed, and then four 
squares in height in- 
dude half the tym- 
panum, and eighteen 
squares the entire 
figure^ 6 of which 
may be eonddered as 
devoted to the ardi, 
and the other 13 to 
supports : or, if we 
comprise the whole 
fii^de in 20 squares, 
and abstract the 8 
which belong to the 
opening between the 
pedestals, we have 4 
for each pier or sup- 
port, and 4 for the en- 



Fig. 1019. ABCB OP AUODSTUS AT BllOtn. 


tablature, the supported being only | the quantity contained in the two supports : rcsistanee 
to the arch, or its thrust, requires a difihrent arrangsfieot from that of a portico, but ws 
nevertheless find definite proportions made use of, and a double quantity given to masses 
which have to iMMU^cigbt as well as resist thrust 


The Arch of a/ Rimini has the height of its order determined by the length 

of the frieze. 


Tie Arch of Auffueiut at Aotta resembles that of Titus in arrangement; It is a perieet 
square eomprising the attic. 
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Tit jMk tf mi 

pgla U m pquwrt, 

rithout sUtet Ifkt tlMt vt 
r>tuA. 

Tit jM mf tUmM ai 
Horn raised bf tbe sinelt 
■nd Roman pe^le to com- 
memorate the cooouett of 
iudam. is one of m best 
•samples of proportion that 
remain 1 bult^ of white 
marble» it is a monument 
of oonstniotiTe art, some 
of the bloeks bein| 9 feet 
square, and fl feet thiek ; the 
arch is ooittaosed of eleven 
ronasoirs to fbet deep. 
For a detailed account 
of its constiliction and or- 
nament the reader is re* 
forred to the “ Architectural 
Antiquities of Rome.** 

The proportions are a 
wpuire^ as is the opening 
of the archway, up to the 
springing; and not a double 
square, as described by 
Serlio. Tbe pedestals are 
in height nearly half the 
opening of the archway, 
which Palladio observes 
was the ordinary proportion 



Pig. im. aacH o» saaoros at pola. 


given by tbe ancients. The entire length of the upper member of the cornice in this 
esample is 48 feet, which dimension corresponds with the entire height, almost to a fraction t 
the width of the opening is 1 7 feet 6 inches, a tride more than one-third of the entire width » 


bounding the fa^ide by a parallelogram, excluding the attic, and drawing two diagonals 
we obtain the centre from which the arch b struck, which rule will apply to the o^er 
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^mniaial arches irith a atoglc opeuing, though earTiog materially Worn the prinelote 
laid down by Poliphilc, an^ aiopt«4 bf &riio and other areliitceta at Cba ftvival of ItalSii 
arehiteeture. ITie Arch 
of Titus is a square com- 
pciaiiig its entire fa9ade ; 
chat of Poliphile a ^iiare 
ap to th<* under aide of 
the entablature; coRse- 
quontly, the opening of 
the triumphal way is in 
sridth half the height ^ 
to the top of the impost 
upon which the archivolt 
rests, while in the more 
ancient the entire aper- 
ture without the arch is 
a square. 

In the Arch of Poli- 
phile the entablature and 
pediments are nearly 
equal in quantity to each 
sf the piers upon which 
they are carried ; and the 
piers themselves are in 
width only one quarter of 
the whole breadth of the 
facade : it will be found, 
however, that nearly the 
same proportions exist be- 
tween supports and sup- 
ported In both examples. 

2%e Arch of Augugtui 
at Suta has a single v 
arch : proportion a square ^ 
to the top of the entabla- Fif < loss. asea or aooustus at soma. 

ture, opening a square to the springing: width dMded into four, two given to the opening 
and one to each pier, which has a three-quarter column at the angle : attic as high at piers 
tre wide 

In arches with three openings, as those of Septimus Sevenis and ConaUotinc!, thea# 
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oeoow oiie«1ialf 9ie width* and the piere the other i where the diefohele of the igitte 
eroM » the centre* from which the principal arch it struck. 

2nic ^rck 9f Drt^fam ai Beneve fUum . — Circle struck from the centre which describes the 
archivolt ; comprises all within it except the attic t division of width into ae fe a> two fsc each 
pier* three for oentre } attie half the hei^t of the ordw. 



Fig. low. snoa or tsaiam at s i mv si tTtJii. 


In the forrmng examples, we have attempted to show that the beautj whidi belongs 
to form in ar&itecture rests upon one principle based on the laws of nature, and that ^ 
first elemeat in a good design is the proportion of the parts as well as the whole : nothing 
has more misled the critics upon this suldect* as well as architects themselves, than im- 
plicitly following the rules laid down fur drawing the orders. In treating upon the 
antique, they have frequently been right as for as regards the letter, but essentially wrong 
in the spirit. The laws of nature do not vary, nor do our organs of sense or perception, 
and what was apparently fit and proper in the opinions of the Greeks is equally so at tlie 
presem day i in their soulpturee we never find a man represented carrying than hU 
own weight, and such laws ought to be our guide. ^ 

After the destruction of the Roman empire, the character impressed upon arahiteoture 
by the Ore^ was lost % other styles arose in succession, which have been designate as 
Byaantine, Romanesque, Lombardio, Saxon, Norman, Saracenic, and Pointed, llie five 
first retained the semieiroular arch, and only diftered in the quantity of material em- 
ployed i Ibr f rmirlt* of the three first-mentioned we must refer to a work entitled 
** Arehiteetnve of the Middle Ages at Fisa**' by Edward Cresy and O. L, Taylor, cooteiniog 

meaauremMtls ayAt in 1817« 
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Sect. I. 

THE STYLE IN GENERAL. 

The question tliat first naturally arises is, What is Gothic or Mediieval architecture? 
Although Hickman, in his essay mentioned on page 971, gave a sketch in which he wished 
to show the differences between Classic and Gothic architecture, the first real attempt at 
defining the char<»cter of Media*\al art seems to have been made by the lute A. W. Pugin, 
who, in his True Principles of Pointei or Chriutian Architecture^ 1841, enunciated the fol- 
lowing principles, which ha\e formed the keynote for the various works and lectures on 
the subject hince written and delivered : — 

I. There should he no features about a building which are not necessary for convenience, 
construction, or propriety. II. All ornament should consist of enrichment of the essential 
construction of the building. 111. The simdlest detail should have a meaning or serve a 
purpose. IV. The construction itself should vary with the material employed. V. 'ITie 
design should be adapted to the material in which it is executed. VI. I’ointed architec- 
ture docs not conceal her construction, but beautifies it. VI]. Plaster, when used for 
any other purpose than coating w'alls, is a mere modern deception. VII 1. A flat roof is 
contrary to the spirit of the style. IX. A splayed form is necessary for piers, arches, 
basemouUls, sttings, and copings. X. All mouldings of jambs are invariably sunk from 
ti)e face of the work. XI. Laige stones destroy proportion. Xll. I'lie jointing of 
masonry should not appear to be a regular feature. XI 11. A joint in tracery should 
alwajs be ctit to the centre of the curve where it falls. XIV. The extem^il and internal 
appearance of an edifice should be illustrative of, and in accordance with, the purpose for 
which it is destined. XV. It is a de‘ect to make the two sides of a design correspondent 
if their purposes difier. XVI. The picturesque effect of the ancient buildings results 
ftom the ingenious methods by which the old builders overcame local and constructive 
difiiculties. XVII. The elevation should be subservient to the plan. XVIII. Details 
are multiplied with the increased scale of the building. 

These principles, with the addition of the subject mentioned in the next paragraph, 
seem to form the creed of the most advanced foreign archieologists, such as M. Viollet le 
Duo, for the consideration of the spirit of the style has been neglected in favour of an in- 
vestigation of details by French and German writers on architecture. 

** internal altitude," writes Pugin in the same work (p. 66.), is a feature which would 
add greatly to the effect of many of our fine English churches, and I shall ever advocate 
its ii'troduction, as it is a characteristic of foreign pointed architecture of which we cana\atl 
ourselves without violating the principles of our own peculiar style of English Christian 
architecture, from which 1 would not depart in this country on any account. 1 once stood 
on the very edge of a precipice in this respect, from which I was rescued by the advice aud 
arguments of my respected and revered friend Dr. Rock, to whose learned researches and 
observations on Christian antiquities I am highly ind bted, and to whom I feel it a bounden 
duty to make this public acknowledgment of the great benefit 1 have received from his 
advice. Capti^ ated by the beauties of foreign pointed architecture, i was on the verge 
of departing from the severity of our English style, and engrafting portions of foreign 
detail and arrangement lliis 1 feel convinced would have b^n a failure; for although 
the great principles of Christian architecture were everywhere the same, each country bad 
some peculiar manner of developing them, and we should continue working in the same 
parallel lin^ all contnbudt^( to the grand whole of Catholic art but by the very variety 
incrci^ing its beauties and its interest** 

This author claimed for pointed architecture the merit of its having been the only phase 
of art in which the ^ principles ** had lieen carried out end is supported, with some reeerva- 
tionSfliy Viollet le Due. Our space is too limited to discuss that assertion ; the student who 
desires to investigate the subject must refer to Pugin*s publication for his arguments, and 
must guard i^inst being captivated by the one-sided illustrations given as contrast.'* 
For an assei^on of the same general principles in regard of Classic and Modem architect ttf% 
the reader is referred to the chapter on Bcaott w AacuiTBCTtrma, in the present work 
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(par. 9492» ct mj.), written, we ore inclined to consider, before the publication of Pugin’s 
propositions. 

A more strictly architectural definition of the term Gothic arekitceiurc has been deduced 
froirt the writings of various investigators, as being thnt combination of art and science in 
building wliich followed the adoption, during the middle ages, of broken arches for vaults^ 
openings, and ornaments, in lieu of the previously existing arches of continuous lines/ 
I'he term Gothic architecture, according to such writers, does not acknowledge us its 
legitimate productions any structures tiiat are point vaulted and point arched, point 
vaulted but not arched, point arched hut not vaulted, or neither arched nor vaulted, unless 
they conform to rules approved by the builders in north-western Europe (and especially 
in England) during the middle ages. These regulations are, in effect, nine : — I, Day- 
light must nut fall upon an^ apparently harizontul plane eurfuce, however small, except 
pavements, steps, seats, and tables. II. Every arch must be moulded within a chamfer, 
or at least be chamfered. 111. Every tmp/7sr must follow the plan of the arch or arches 
wliich it receives. IV. Every piUar must be an assemblage of juxtaposed shafts or mould- 
ings. V. Every pier must be polygonal, or at least circular in plan. VI. Every base must 
follow the plan of the pillar or pier to which it belongs, or at least be either polygonal 
(preferably octagonal), or cylindrical if under i, shaft. VII. All decoration must be worked 
within the plane of the walling to which it belongs, except in the cases of bases, bands, 
capitals, cornices, copings and dripstones. VI 11. Roofe of high pitch and flying buttresses, 
spires and pinnacles, tracery and foliation, are incidental, ratlier than peculiar, feature.^. 
IX. The continuous arch may be exceptionally employed wlien it, with the rest of the 
building in which it occurs, exhibits submission to the preceding regulations 

These regulations were observed to the north of the Loire and of the Alps, which was 
the seat of what may be designated original Gothic. South of those boundaries we have 
to deal with what may be designated imitative Gothic^ to which, as a matter of course, 
appends itself one of the two divisions. Christian and Mahomedan, of Pointed art. We 
take it for granted that the reader is already convinced that the Romanesque and Byzan- 
tine )>erfect developments of Roman construction do not become transitional to oriyinal 
nr imitative Gothic architecture merely by the introduction of the pointed arch as a mere 
foim, independent of the regulations above enumerated. On the contrary, they become 
new tlfith tiieir own periods of transition and development; which, by those writers 
who do not feel that ttie architecture of the Mahomedans has been as consistent as that of 
noi til- western Europe, are at present considered as mere solecisms, deserving to have the 
epithets of pointed Romanesque and pointed Byzantine given to them. 

These regulations, therefore, deBne the difference between Gothic and Pointed architec- 
ture. They exclude from the title of Gothic those branches of the transition from Ro- 
manesque art which, in Germany, Italy, and the Spanish |)enin8ula, were, whatever the 
period might be, merely imitation Gothic ; as they also exclude any branch of the pointed 
Byzantine school, which was employed by the Normans in Sicily, or by other Christian 
communities. 

Thj readers who are desirous of considering this subject more in detail are referred to 
Freeman, History of Architecture, 1849, wherein Chapter I. Part II. treats upon the 
^ DeKuition and Origin of Gothic Architecture;” and concludes with the oliservation : 
** We may then define Gothic architecture as a style wliose main principle is verticality, a 
principle suggested by the pointed arch, and carried out in its accompanying details.” A 
writer in the Archaoifigical Journal, for February 1847, has expressed his notion that **it 
would be very possible to build a thoroughly good Gothic church, taken entirely from ancient 
examples, without a single pointed arch throughout ; ” a principle wliich would astonish 
most of the talented practitioners of the present day. 

An eminent amateur has written a very studied and elaborate explanation of what he 
considers to constitute Gothic architecture. ** 1 believe,” says Mr. Iluskin, in Stone* oj 
Fea/ce, Vol. 11. Chap. VI., after a short inquiry into the mental power or expression, 
** that the characteristic or moral elements of Gothic are the following, placed in the order 
of their importitnee: — !. Savageness; II. Changefulness; III. Naturalism; IV. Gro- 
tesqueness ; V. Rigidity; and VI. R^undance. 'lliese characters are here expressed as 
liclongtng to the building. As belonging to the builder they would be thus expressed : — 
I. Savagenett, or rudeness; II. Love of change; III. Love of nature; IV, Disturbed 
imagination; V. Obstinacy ; and VI. Generosity. The withdrawal of any one, or apy two, 
will not at once destroy tiie Gutliic character of the building ; but the removal of a majority 
of them will.** He then proceeds to examine them in tlieir orders but our llinUvd space 
prevents our following him word for « ord. and we have found it neceaaary tp curtgil some 
ef the following paragraphs. 

In defining its outward form, he states that the must striking feature is tlia^ it is com- 
posed of pointed arches, ^ 1 shall say then, in the first place, that Gothic aicbitecttire is 
tliat which uses, if possible, tlie point^ arch for the roof pro|ier and subsequently ad<ls» 
** Our di&utioa will stand thus : Gothic architecture U that which uses the pointed areb 
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for t1i« roof proper, and the p^able for the roof mask. All good Gothic b nothing mora 
than the development in various ways, and on every conceivable scale, of the group fiirmed 
hy the pointed arch for bearing line below, and the gabU for tite protecting iine above 
{fg, 1056.). The subject of the masonry of the pointed arch has 
been discussed in Chapter XI. of Volume 1. (of his work), and 
the conclusion deduced, that of all possible forms of the pointed 
arch (a certain weight of material being given), 
that generically represented in fg. 1057. is the 
strongest. But the element of foliation must 
enter somewhere, or the style is imperfect ; and 
our final definition of Gothic will, tlierefore, 
stand thus: — Foliated architecture, which uses 
the pointed arch for the roof proper, and the 
gable for the roof mask.** 

llie figure 1057, though of the outline as given by Mr. Ruskin, really exhibits the stone 
arch erected in granite across the chancel of the Bruen Testimonial Church at Carlow, 
designed by the late J. Derick {Builder, 1854, p. 54.). The tretoiled arch exercises a 
force within the building neutralising the outward thrusting force of the lancet arch, the 
two forces producing a state of rest. 

“A few plain and practical rules,” continues Mr. Ruskin. “will determine whether a 
given building be good Gothio or not, and if not Gothic, whether its architectnre is of a 
kind which will probably reward the pains of careful examination : — I. Look if the rool 
rises in a steep gable, high above the walls. If it does not do this, there is sometiiing 
wrong; the building is not quite pure Gothic, or has been altered. II, Look if the prin- 
cipal windows and doors have pointed arches, with gables over them. If not pointed 
arches, the building is not Gothic ; if they have not any gables over them, it is eitlter not 
pure or not fit st- rate. If, however, it has the steep roof, the pointed arch, and gable all 
united, it is nearly certain to be a Gothic building of a \erv fine time. 111. Look if the 
arches are cuuMj^or apertures foliated. If the building has met the first two con- 
ditions, it is s^^Hjbe foliated somewhere ; but, if not everywhere, the parts which are not 
unfoliated are nHBrfect, unU^ss they are large bearing arches, or small and sharp arches in 
groups, forming nkind of foliation by their multiplicity, and relieved by soulpture and 
rich mouldings. If there be no foliation anywhere, the building is assuredly imperfect 
Gothic. IV. If the Imilding meets all the first three conditions, look if its arches 
iu general, whether of doors and windows, or of minor ornamentation, are carrit^fl 
on true shafts wdth bases and capitals. If they arr, then the building is assuredly 
of the finest Gothic st>lc. It may still, perhaps, be an imitation, a feeble copy, or a liad 
example, of a noble style ; but the manner of it, having met all these four conditions, is 
assuredly first-rate. If its apertures have not shafts and capitals, look if they are plain 
openings in the walls, studiously simple, and unntioulded at the sides. If so, the building 
may still be of the finest Gothic, nd^ipted to some domestic or military service. But if the 
sides of the window be moulded, and yet there are no capMs at the spring of the arch, it 
is assuredly of an inferior school.” 

** llie next tests to be applied are in order to discover whether the building be gottd archie 
Ucture or not ; for it may be very impure Gothic, and y c il ery noble architecture ; or it 
may be very pure Gothic, and yet, if a copy, or origiimlHHkiaed by an ungifted builder, 
very bad architecture ; — I, See if it looks as if it had beeiWuilt by strong men ; if it has 
the sort of roughne<«, and largeness, and nonchalance, mixed in places with the exquisite 
teiideme^ »*hich seems always to be the sign-u anual of the bnwd vision and masf^ power 
of men who can see paet the work they are doing, and betray here and there something like 
disdain for it. If it hSs not this character, but is altogether accurate, minute, and scrupu- 
lous in its workmanship, it must belong to either the very best or the very worst of sclioohr: 
the very best, in which exquisite design is wrought out with untiring and conscientious 
care, as in the Giotterque Ootlilc ; or the very worst, in which mechanism has taken the 
place of design. Or the wliole, very accurate workmanship is to be esteemed a bad sign. 
II. Observe if it 1>e irregular, its different parts fitting themselves to diderent purposes, no 
one caring what becomes of so tliat they do their work. III. Observe if all the 

traceries, capitals, and otkor omam^ts, are of perpetually varied dea'gn. IV. Lastly, 
fisad the sculpture. Prapiq^tory to rea^ng it, you will have to discover whether it b 
legible (and. if legible, it b nearly certain to be worth reading ). The criticism of the 
building is to be conducted precisely on the same principles as Uiat of a lKx>k ; and it must 
depend on tlte knowledge, feeling, and not a Utile on the industry and perseverance of ^ 
reader, wliether, even in the case of the best works, he either perceives them to be great, Ur 
feels thpm to be entertaining.** 

** Th/t taritty of the Gothb schotds,** says Mr. Ruskin, in another portion of tlie caaae 
work; **b the more healthy and beautiful, because in many eases it b entire'y unstoffbii. 
Slid results, not ftom mere love of change, but from pme-ical necessittea. It b one Of Iha 
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ohicf virtti€s of thp Gotliic builders, that they never suffered idets of outside symmetries 
and eonsisteiicies to interfere with the reel use and value of what they did. If they wanted 
a window they opened one ; a room, they added one $ a buttress, they buUt one; utterly 
regardless of any establish^ conventionalities of external appearance. Every successive 
architect employed upon a great work built the pieces he added in his own way, utterly 
regardless of the style adopted by his 'predecessors, lliese marked variations were, how- 
ever, only permitted as part of the great system of perpetual change ,yrhioh ran through 
every member of Gothic design, and rendered it as endless a field for th'#4»eho!der’8 inquiry 
aa for the builder*a imagination ; change, which in the i>est schqols is subtle and delicate, 
and rendered more delightful by intermingling of a noble monotony, in the more barbaric 
schools is somewhat fantastic and redundimt ; but. in all, a necessary and constant condition 
of the liib of the achooL Sometimes the variety is in one feature, sometimes in another t 
it may be in the eapitals or crockets, in the niches or the traceries, or in all together, but 
in some one or i)ther of the features it will be found always. If the mouldings are constant, 
tlie surfeee sculpture will change; if the capitals are of a fixed design, the traceries will 
change I if the traceries are monotonous, the capitals will change ; and if ever, as in some 
fine schrols, the early English for example, tliere is the slightest approximation to an 
Unvarying type of mouldings, capitals, and floral decoration, the variety is found in the 
disposition of the masses, and in the figure sculpture.** 


* Sect. 1 1. 

PERIODS OP GOTHIC ARCHITECTURE. 

The divisions of Gothic architecture in England, as made by Kinj^, Dallaway, Millers, 
and others, havehecn used in Book I. Chap. 111. ; but their stibdivisiCns and nomencloturo 
have been discarded by later investigMtors ; and many tables have been put forward of 
divisions and subdivisions. Thus, Britton’s nomenclature (1807) was. English 1 189-1272 ; 
decorated English 1272-1461 ; highly decorated, or florid, English 1461-1509; debtised 
English 1625. Mtllers's division (1807) was early English 1200-1300; ornamented 
English 1.300-1460; and florid English 1460-1537, as adopted herein in Book I. £. 
Sharpe classifies the style as, Romanesque — Saxon period until 1066 ; Norman 1066-1 145 , 
Gothic — transitional 1 145-1190; lamet 1190-1245; geometrical 1245-1315 ; curvilinear 
1315-1360; and rectilinear 1360-1550. 

The following table introduced by Rickman, Attempt to Discriminnte, ^c., shows his 
nomenclature and the duration of the periods ; these names have maintained themselves, 
in consequence of their general appropriateness, from 18 19 to the present time : — 


Kings. 

Date. 

wntiam I. 

KKJO 

WlllUm IL' V 

1<W7 

Henry 1. ^ 

JlhO 

StPplien. 

113.*) 

Henry 11. 

1154 to 11»9 

tUchard I. 

1189 

John. 

, 1199 

Heniy III. 

1216 

Edward L 

^2 to 1307 

Edward IF. 

1807 

Edward IlL 

1237 to 1377 

Richard 11. 

1377 

Henry IV. 

1399 

Henry V. 

1418 

Henry Yl. 

14VS 

Edward IV. 

' 1461 

Edward V. 

1468 

Richaid 111. 

1488 

Henry VII. 

I4K8 

Henry Vlll. 

1609 to IS46 


Name of Period. 


Itemarks. 


Korman. 


Eari.y Ehoush. 


Dxcoratsd 

Erolish. 


pBRFtIffMCUI.A« 

EMOLIltt. 


Prevailed little more than 124 
years ; no remains really known 
to be roore than a few >oars 
older than the Conquest. 


Prevailed about 118 years. 

Contintted perhaps 10 or 15 years 
later; prevailed littte mure than 
70 years. 

Prevailed about 109 years. 

Few, if any, whole hofldingt exe- 
eiited In (his style later than 
Henry VIU. 

This atyie used In edditlons and re- 
, , . bMBdi»igi,bnt often much detiased, 
^ as 1080 or 1640. 


Tbc reign of Richard I. wu the chief period of the trtfMttion from the Norman to the 
early &glith atyie; that of Edward I. for the change from the early English to the 
deemted atyie (the Ekenor croaaet belrniging rather to the* latter, than to the former, 
•tyle); while in the latter part of the long reign of Edward 111. the transition to the 
y i y udScolar style eommeiMed, and was almoet completed by tlie time of the accession of 
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SimlUr tables of the Munition of stales in foreign countriee h|irO been giv^n in the eeotiOii 
PoiMTSD Archxtectuime* in Bo(diE I. 

Rtekmti, in desoribing the style to which he gives the neme ** decorated,** especially 
classes pnder tl^t style tlie tracery in which **the figures such as circles, trefoils, 
qiiatrefoils, &c., are all worked with the same moiitding, and do not always regularly 
join each other, but touch only at points; this,^ he says, *finay be called geometric^ 
tracery.** The Rev. G. A. Poole, EceUnoMtica! Archit0ctur0t 1848, remarks tlmt ^a very 
large proportion of the buildings in which this kmd of tracery is used, belongs to 
the previous period, called early English. The examples which might have been sup- 
posed to dear up the difficulty only make it greater. Thus, in speaking of the cbapter-r 
house at York, wtiich has splendid geometric tracery, he says, **The chapter*house 
is of d$eorated character ; ** yet the chapter-house is clearly of a character which prevailed 
during a considerable part of that period which Rickqjon assigns to the early English 
style. The general tendency has likewise been, of late, to range with the early English 
by far the greater proportion of those examples which answer to Rickman's definition of 
geometrical decorated ; a few of the later examples only being treated as transition from 
early English to decorated. The mouldings, it is true, are generally of perfectly early 
English character, and so are the clusters of foliage, the bosses, and other ornamental 
appendages. Instances occur in which the simple early Englisli lancet was used during 
the period of the geometrical tracery. How, then, are the two styles, if they be two, to be 
sepal ated, in a system which is in part chronological? How are they to be united, in a 
system wliich is also in part founded on similarity of parts? 

“It is, however, periiaps the most perfect of all the styles ; for its tracery has the com- 
pleteness and precision of the perpendicular, without its license and exuberance; while its 
minor details partake of the boldness and sharpness of the early English, which need not 
^ fear to be compared with the ornamental accessories of any subsequent style. Besides the 
intrinsic lieauty of this style, it is important as affording the first full develojiment of tracery 
and of cusping, with all their power of enriching large windows, and of bringing together 
several lights as one whole ” * 

“ In pursuing the study of mediaeval architecture, it may be held as an axiom,** writes 
Brandon, Analysis of Gothic Architecture^ “ that personal inspection of the old churcbos of 
England is the only meant by which it can be possible now, either to appreciate the genius of 
our mediaeval architects, or to sympathise with the spirit which animated them. But it is 
probable that even experienced observers may sometimes be misled by a practice of occa- 
tiopaily assimilating work in a latir style to some already existing portion of an incomplete 
general design. Indeed it forms a strongly marked exception to tlie usual practice ; for it 
was a general rule w'itli the builders of the middle ages never to fall back upon a past 
era of tlieir art. c^cn wlieii engaged in completing structures of a bygone age.** He then 
describes the proceedings in this <rvspect at St. Alban*s Abbey Ciiurch, at Westminster 
Abbey, and at Fotheringay Ciiurch, Northamptonshire. 

The early English character of Westminster Abbey Church has l)een S 9 well preserved 
tliroughout, that in many cases ii requires a close inspectio.i before it b poisible to detect 
tlie presence of decorated or of perpendicular work. Thus the windows in the aisles 
erected by Henry V. are very decidedly of early decorated character; the customary 
octagonal and moulded cap of the perpendicular period occupy the place of the oorre- 
tponding circular and foliated members, which, liad the windows really been erected some 
hundred years earlier, would assuredly have aunnountod the boUcb placed in their jambs. 



(Kg* 10&8. WSSTMlKSTKtt AftBICT | TKAasarT FIs l<15a WISTMIHSTKB ABMKY ; OV XAVK IL. lUSTKMI 

WOO OUUIE. KAKl-Y KSQUSU. SAYS, OKCOXATBO— >, WKSTVaX BAYS. rSBrkXDICVtait.) 

In Caiiier plans of the nave piers four shafis stand dearly detached firotn the maih 
body of the pier, Jiy. 1058. ; but solisequently the p er was worked with eight shafts, 
fijf. 1059. (L) ; and, later still, w'ith eight shafis,^^. 1059. (M) all attodied to tl«e cvirtrol 
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mass* itt^ykatWe of tbe altered fianhlon of tbe day, In which detached shafts, once such a 
favonrite feature, were entirely discarded. In the pterTtbe^ worked the bands ef^ie 

k. (^) mouldings pecuSar to the 

15th (O). Figurti 1060, both drawn to the snme 
scale, show how tliey departed both ftom the 
outline and size of the original. In the triforia, 
the early English design is equaRy apparent in 
H the earlier and later portions of the work ; but 
jm the mouldings in each are true to their styles. 
^ Although the groining is tolerably in keeping 
throughout, yet in the aisles and in the later 
portion of the vaulting, the original spring and height of the ridge 
rib haakeen preserved, while to tl»e elegant acutely pointed lancet 
of the earlier groining an obtusely pointed arch has been pre- 
ferred, which, consequently, it has been necessary to stilt. Biandon 
gives illustrations of tlie early En^lisli and perpendicular arcades 
under the windows, a feature which, though long disused and sup- 
planted by a system of panelling, is yet followed out. “ 1 am not 
aware,*’ writes the Kev. J. L. Petit, “ whether sufficient attention 
has been given to the attempts occasionally made by the m<‘diteval 
rif. lUDu. architects to assimilate their work to the portions erected in an 

wRSTMissTicu ABBKT. earlier style. In some instances, as in the clu irs at Ely and 

Lincoln, this is done without sacrificing any of the distinctive features of the style then in 
use ; but in Beverley Minster, and in Whitby Abbey, the case is different. In the latter, 
the whole of the early English arrangement of the cnoir, as legards its lancet windows, 
is continued in the transept, though the ornaments with which it is enriched show' that 
this part clearly belongs to the decorated period. The triforium in the former is uniform 
throughout the wliole church, for the same is continued in the decorated work, except the 
disuse of marble in the shafts.” 

The same system of using previous ideas, but working them out with later details, is 
exemplified in the Sketch Hook of Wilars de Honecurt, an architect of the middle of the 
13th century. In comparing his sketches with drawings from the original works, their 
extreme inaccuracy and contempt of detail is evident. He sketched them because he saw 
there was something in the general ariangement which, with alterations, might become 
useful. He therefore drew each with his own improvements to it. As to the details, Wilars 
did not want them, for he was perfectly convinced that those of his own time were better 
than anything previously executed. The reader will find reviews of tills w.^rk in the 
Bttilder for 1858, with some woodcuts of the illustratipus. 

Besides this question of assimilation of style, thete arises that of similuriti/ of woik in 
difTerent buildings, resulting from the supei intemienct or design of one master mind ; hut 
this is so extensive a subject that in our limited space we dare not do more than name it 
for the attentmn of the student or reader. Another interesting important point is that of 
the irwuition from one period into another, such as the decorated into the perpendicular. 
A curious example of this exists in the church at Edington, in Wiltshire, un account of 
which, with woc^cuts, is given by Parker, in the 6th edition of Hickman’s Attempt^ 1862. 



Sect. III. 

MOUI.DIMGS. 

It will probably surprise many of our readers that even so late as 1845, the statement 
mas made that ** but little acquaintance with mouldings is evinced in the works of most 
modern architects.” Such was the opinion expressed by F. A. Paley, when he published 
his very useful Manual of Gothic Motddings, ** Viewed as an inductive science,” he writes, 
^ the study of Gothic mouldings is as curious and interesting in itself as it is important in 
its result! Any one who engages actively in it will be amply repaid, if only by the en^ 
larged views he will acquire of the ancient principles of effiect, arrangement, and composi- 
tion. But the curves, the shadows, and the blending forms, are really in themselves 
extremely beautiful, and will soon become the hivourites of a familiar eye ; though viewed 
without understanding they may seem only an unmeaning duster of holes, nooks, and 
aliapelcas exeresceneea Perliaps few are aware that any group can be analysed 4r|tl^^per- 
Isct ease and eertainiy ; that every roemlier is cut by rule, and arranged by oettain kurs of 
combination. The best work on Gothic mouldings which could possibly be written will 
fio no more than act bhn in the right way to obtam a knowledge of the aubject by hie own 
Beaoar du The look of a moulding is so vc'ry different in section, prelected in a reduced sise 
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on frotn tts oppearanee in penpective reality, that the tame f<irm seen m the ane 
may acarcety be recognised in the (vther. 

** Gothic architecture revelled in the use of mouldings ;--*and yet, mouldings are merely 
the ornamental adjuncts, not the essentials, of architecture. Some buildings of tlie best 
periods were quite devoid of them, whence it is evident that they are not necessary even 
to a perfect design. Boldness and simplicity produce effects, different indeed in their kind^ 
yet not less solemn and striking than richness of detail. If the uniformity in theii 
use had not been very strict and close,. it had been a hopeless task ever to master the 
siibjtci ; indeed, if there had not been a sys/em of moulding, there would have been no* 
tiling to investigate. But so little did the mediasval masot^a depart from the fixed con- 
ventional forms, tliat we often find a capital, a base, or an arch mould of perfectly the same 
profile in an abbey or a cathedral which we bad copied in our note-book from a village 
church at the other end of the kingdom, so that we might almost suspect that the very 
same working drawing had been us^ for both.** — Thus ^r we have quoted from Paley, to 
whose work we shall again hate recourse in the further development of this section; but in so 
condensed a form, that it should not prevent the student from himself possessing so invaluable 
a work, of which a third edition was issued in 1865, with an aoceasion of illustrations. 

We must now attempt to give some idea of the nomenehUHre of mediasval mouldings. 
“ Tlie most complete sfiecimen,” writes Professor Willis, in his Architectural Nomenclature 
efthe Middle /fyrs, 1844, “is that preserved to us by William of Worcester, or Botoner,” 
who was born in Bristol, in 1415, and is now best known by a manuscript note book re* 
maining in the library of Corpus Christ! College, Cambridge; it was printed in 1778 
by Nasmith. Two of its pages contain lists of technical words attached to roughly drawn 
outlines of jamb mouldings, tlie one showing the north door of St Stephen’s Church, the 
other the west door of St. Mary’s lledcliffe Church, both at Bristol. These doors are still 
in existence ; on comparison, the former agrees perfectly with the mouldings of the enutk 
porch of the church in question, except that two little boltels have been scraped clean off 
The west door of Redcliffe Churcli has undergone a much severer sAmntny. Jiy. 1061. 
represents the outline of the former door ; “the names given to the mouldin/BTs by Botonef 
are, A, a cors wythoute ; B, a casement, C, a bowtelle ; D, a felet ; £,a double ressauntt 
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F. a boutel ; G, a felet ; H, a remant ; I, a felet ; K, a casement wytli I.evys ; a felet, 
a boutel, a felet ; M, a ressant ; N, a felet ; O, a easment wyth trayler of J.«vy8 ; P, a 
felet, a boutell, a filet ; Q, a casement ; R. a felet ; S, a casement; T, a felet ; U, yn tbe 
myddes of tbe dorc a boutelk.** Of these terms (which display his various modes of spi- 
ling) perhaps the only ones needing remark are K and O, which are identical, and have 
square leaves or dowers in them of the usual fbrm, aet at regtilar intervals, forming a long 
continuous train. ** Benet le Ffremason " appears to have worked the original mouldings. 

Tbe aection of the mouldings of tbe west door of RedcliflTe dmreh b shown inyfg. 106^., 
tn which the names were also attached, the additioiial terms obtained being ** A, a diamfer ; 
C, a double Ressant wyth a filet ; O, a Remant lorymer t M, a lowryag casement; and I« 
a grete bowtelle.** ** I eannot help pmnting ou^** writes Professor WilUs, ** bow imperfect 
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• nonienclatare must wlUoli ean malce no stronger diKtinetioD between the oottibinetions 
£ and C, than by calling one a * double ressant** and the other a * double ressant with a 
fillet* The universal moulding O, in fig. 1062, is a ‘ ressant lorymer.’ ** Fig, 1063. is an 
outline of the jamb mouldings as they appear at present, engraved from a drawing made 
expressly for us by Mr. T. S. Pope, of Bristol, and exhibits the skinning they have 
undergo.. e. 

^ Mouldings of an arch or Jamb are said to be grouped when they are placed in com- 
bination as they are generally found ; but a group is a branch of mouldings or separate 
members, standing prominent or isolated, either on a shaft, or between two. deep hollows 
An arch of two or more orders is one which is recessed by so many successive planes oi 
retiring arches (see Jig. 1065. fro.), each placed b.hind or beneath tiie next before it, 
reckoning from the outer wall line. Ttie accompanying figures exhibit both groups and 
orders. 

We have adopted the usual architectural system of exhibiting’ the mouldings in 
the manner of a mould or pattern, and it likewise carries out the pnnciple of this work. 
It is also preferred to the popular way of engraving sections, that *is, by an apparently 
perspective representation of a stone cut out of an arch. The several sets of figures 
are all drawn to scale. The examples selected are, Fountains Abbey, Yorkshire, for 
the transition and for the early English period ; Tin tern Abbey, Gloucestershire, for the 
geometric period; Howden Church, Yorkshire, for the late decorated period ; and Henry 
VM/s Chapel, Westminster, for the perpendicular period. For those from the three fiist 
buildings, we have to express our grateful acknowledgment to E. Sharpe’s Architecturul 
ParaUds, 2 vols. fol. 1845-48, a work combining technical precision, without which 
it would be useless to the architect^ with artistic character, by which it will recommend 
itself to every one interested in such antiquities. The illustrations of Tiutern are valuable 
examples of the geometric period. The work contains many geometrical plans, elevations, 
and sections of 14 buildings, with all the principal mouldings to a large scale (those herein 
arc all reduced, and therefore less useful), with an additional valuable volume of tlicmould* 
ings engraved full size. For the illustrations of the fourth period we are indebted to 
Cottingiiam’s work on the Chapel, fol. 1822-29, perhaps the only perfect monograph of a 
large structure yet published in England. 

One reason for selecting the illustrations in this manner has l>een that, with the very 
limited space at our disposal for so extensive a subject as tiie detail of Gothic arcliitecture, 
we could not emulate either the very satisfactory work which now, with its useful illus- 
trations, passes as Rickman’s Attempt to Diecriminale the Styles of Architecture in England^ 
8vo. 1865, 6th edit, or Brandon’s Analysis of Gothic Architecture^ which is full of examples 
of detail drawn to scale. Another reason was, to give the means of comparing the use of 
details in similar parts of edifices of nearly the same general dimensions; otherwise we 
could merely have given the prettiest selection that it had been possible to have made for 
the purpose. 

During the period in which the so-called Anglo-Saxon architecture prevailed, little 
decorative work was done. The very rud? carvings are extremely shallow, being sueh as 
could be worked with the hammer or pick, and 
without the chisel. In some doors and largerarclies 
there is a regular impost at the springing, having 
a rude resemblance to Roman mouldings ; other- 
wise the jambs and arch stones are merely returned 
iquare. The tower of Sompting Church possesses 
early carved work, and lx>lteU at the angles of the 
window openings and also a very peculiar orna- 
mented string course. The chancel arch at Witter- 
ing Church, Northamptonshire, is among the early 
attempts at moulding observed in tliis country, 
being rough and coari^ely chiselled members, gene- 
rally •emi-cylindrical. A aquare-odged reveal soon 
became a boltel, by first chamfering, and then re- 
moving indefinitely the angles. Thus, a square* 
ed^eAareh with its sub-arch or soffit rib, was either 
worked into rounds at each angle or into pointed 
>oUa; or tome edger were chamfered.others worked 
into rolls and the tub-arob cut away into a broad 
aemi<«ylindrical nb. 

** Tlie Norman architects never got mucli be- 
yfmd the pbun semi-oyiindrioal roll (/fy, I064. **^*®*^ mwTAos asskti aava. 

4a*«M« Aow mik M mub »oA). ■ They vimt •ttentioD to mrftoe Mvlittm 
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•nd shallow oniamental work in the arohivolts and soffits. Some of the early mouldings 
and ornaments are illustrated \i\ fig. 188 , in Book 1. 

** Tlie invention of the pointed boltel, contemporaneously with the pointed aroh« o|>ened 
the way to a great number of new forms, all more or less referable to this common origin, 
in varying the members of com- 
plex early EngUdi groupings. Tlie arch PLAHBS. 

first and by far the most important 
of tliese is the roll and filUt^ as A in 
fiyi. 1065. and 1066. It is the 
keynote of almost all the subse- 
quent formations. The oharac- 
teiistics of the mouldings of this 
style may be defined to be, deep 
undercut hollows between promi- 
nent members, which comprise a 
great var ety of pointed and fil- 
leted boltels, clustered, isolated, 
and repeated at certain inter- 
vals, a great depth or extent of 
moulded surfaces, and the gene- 
ral arrangement in rectangu- 
lar faces. The hollows, gi^- 
ing the effect of a series of 
detached archesi or ribs, rising 
in succession, are seldom true 
circles (A, fig. 1067.) ; and, 
like the projecting parts, they 
assume a great number of ca- 
pricious forms. Tliey are not 
always arranged in exact 
planes ; the student must be 
fully prepared to find great 
irregularity in this respect. 

“ Early English mouldings 
may be said to comprise the 
following members . — I. Tiie 
plain boltel or edge roll ; 11. 

Tlie pointed boltel ; 111. The 
roll and fillet ; IV. Tlie 
scroll moulding (rare) ; and 
V. Angular forms, connist- 
ingof chamfered lidgesand 
intervening projections of 
irregular character. The 
other forms chiefly consist 
of capricious modifications 
of the roll and fillet. The 
roll and h ipls fillet (of which 
B,^^ 1(^7., is a modifi- 
cation), is much used in 
ffie more advanced build- 
ings of the style, and was 
the favourite form duiing 
the reigns of Edwards I, 
and II Somi times only 
one side has a fillet attached, 
as at C, and others. Three 
pointed rolls, placed to- 
gether somewhat in the 
shape of a ileur-de-Us, form 
a eonibinatioa of very frequent occurrence (nafigs. 1097. and 1104.), with many minor 
sarietitts of shape. fillet is almost always a narrow edge line. The irregular ababe 
and the freely undulating curve of the roll and fillet moulding has been commonly 
ferred. Almost every com eiyable modification of the plain roll, leaked, depresard, dBptiea], 
gtxmved at the end, throatveU iimdatvd, and combined, migiit found and catalogued by a 
cureful observer. Tlie sendH mbutding, also called etfyw mouldiim or reuant fomwr, as O 
in^. 1062. and D in the aUwe fif^res was used in advmiced early Bnglisli work ; it is 
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10 oailec from its resembUmce to a roll of thick papw, the outer edge of which overlaps 
the side expj^ to view. It was extensively used in the decorated period,** 

Tlie exquisite skill, taste, and patient labour invariably evinced in the working of early 
English mouldings, are truly admirable. Tlie deepest hollows are all as clearly and per- 
fectly cut M the most prominent and conspicuous details ; and as much so in the village 
chureh as in the cathedral. Some examples (of doorways) occur at Bolton and Furness 
Abbeys, whose arch mouldings extend 5 to 6 feet in width. 

“ The details of decorated rnouldings are for the most part identical with those of the 
preceding style, with the addition of some new members, and several important modiBca* 
tions of grouping. The latter will be found to produce an entirely different effect, though 
in description the distinction may appear very trilling. Much greater geometrical precision 
in drawing both the hollows and the projecting members pi availed. Segments of circles, 
both convex and concave, were much used, with an avoidance of strong contrasts of light 
and shade, which imparted a more iileasing, though much less striking, effect Ihe per- 
fection of moulding, as of all architectural detail, is considered by many to have been 
attained in this period ; yet ricfi mouldings in it are of rather rare occurrence. Very 
often plain chamfers are used in all the windows, doorways, and pier arches, while minor 
parts, such as bases, sedilia, and the like, have fine and elaborate details. 

“ There appear to be three distinct kinds to which decorated mouldings may be generally 
referred ; — I. Tlie plain or hollow chamfer of two or more orders, which, properly speaking, 
is only the step preparatory to moulding. II. Roll and fillet mouldings, and fillets with 
hollows between each group. III. A succession of double ogees, or double ressants, 
divided by hollows of three-quarters of a circle Sometimes the mouldings of 1 1, are com- 
bined with those of III. The mouldings of class 11. are generally borne by jamb shafts, 
now engaged in, and not detached, from the wall. 'Ihose of III. are almost always con- 
tinuous, except in pier arches, where they constantly occur. Four or five of these ti gethor 
give a very deep and rich effect to a doorway. One member of a double ogee is often 
considerably larger than the other, or those of one order of different size from the others. 


“ The principal forms found in decorated work are : — I. Tlie roll and fillet, the fillet heii’g 
extremely broad, oftin as much as .S at d 4 inches. II. The roll and triple fillet, invariably 
producing a fine effect. Its edge lines are sharp and delicate, and the profile beautifully 
relieved by the deep side hollows with which it is 
necessarily connected. III. The ogee. IV. The 
double ogee, or double ressant V. The scroll 
moulding, or ressant hrymer, VI. The wave 

moulding, wliich may be cal'ed the undy boliel ~ I I liijflHIaB S ff* 

(A in Jiy. lOhS. ), from its gently undulating surface : 
scarcely any method of moulding is so common in, 
or so characteristic of, this period, as two orders of 
the wave moulding, with a hollow between them t 

all the varieties of this moulding appear to occur A 

without any definite distinction throughout the 
decorated and perpendicular periods; it is wider ^ 

and shallower in early than in late work ; the wavy 


line is even at times very faint. VII. The plain, Ffir- lost, bowpiit ciianoui ouom. 


or hollow, chamfer ; and VI 1 1. The sunken chamfer. The holtcl, or three-quarter round, is 
used very sparingly. The hollows are usually of larger size than those of the early English ; 
and there is this ^neral difference in their use, that m this etyle they divide groups^ in the 
early Enylish^ individual membere. A few exceptional instances occur of a tongue-shaped 
member projecting from the inner side of the principal roll and fillet ; this is a very cha- 
racteristic detail of the class 1 1. 


** In windows, the plane in which the mouldings of the jamb lie is seldom coincident 
with that on which the side of the mullion is arranged, for this would in most coses give 
too great thickness to the latter. The difference of inclination may be very slight, but it 
requires attention. 

** In mouldings of the perpendicular period, a comparatively meagre save- trouble method 
of working them is perceived Large and ccarse members, with little of minute detail: 
wide and shallow hollows; bard wiry edges in place of rounded aofiened forms, are all 
eoospieuoufl oharacter]stic& Their general arrangemem on the chamfer plane (/^a. 1061. 
and lOfiS.), which is a marked feature of this period, gives a flatness unpleastng to the eye 
in eomparison with the rectangularly recessed grouping of the two preceding styles. 
Three peculiarities are so common, that their absence dmost forms the exception to* the 
geneial usage. Thevars:-— I. A w^ shallow hollow, usually occupying the centre of 
the group, and equal to about one third of the entire width. When the hollow is deep 
end Harrow, it is generally e nrnrk of early work ; of latq|, jheh^ wide and shallow; and of 
debased* Fhen sunken but little below the chamflir ptensbc 4009,^ both ends of the hollow 
•re sMnetimes returned ie a kind of qUaei^bollel (as WeUlf). The boltel is often 
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Ibfined from a plane bf sinking a plumiiel on eadi limes oceamoiially fl etanda like i 
exereeoenee on the ttirfime of a plane (as 1041. and 1049.) ; but this is a depmrtu 

from the usual pmctiee, as well m from tl»e primtple of mouldings. 1 1. The eonstant use i 
boltels. or bead^ of three-quarters of a cirde* resembling small shafts. And 111. The fri 
quency of the double ogee, and some varieties of it peeultar to the period* as shown i 
the figures above-named. This double ogee appears to be composed of a semi-oirouli 
hollow continued in a bolteL All varieties may be considered distinctive criteria of th 
period. The deuUB ressant is sometimes of a large and clumsy sise. The roll and fillet ws 
not extensively used ; its form is that of B, 1071. 

** Rich and good perpendicular mouldings are not very common, most exauiples eonsistini 
but ot three or four very ordinary members, ofiTering nothing either novel or interesting t< 
the view. The doorways are, however, often very deeply recessed* and the engaged ^ml 
sliafts bear isolated groups of considerable delicacy. The distinction of the or^rs is oftei 
completely lost in this period, while it is seldom undefinable in the previous one. 'llii 
ciiamfer plane in many cases is either more or less than an angle of 45^. Sometimei 
two parallel chamfer planes are taken for the basis of the arrangement of the mould* 


mgs. 

Among the characteristics of the tertiary French style, or the Flamboyant, which bai 
been described and illustrated in part. 546, et. teq.t is that called by Professor Willis, in a 
most ingenious and valuable paper, read in 1840 before the Institute of British Architects, 
vtneiration or interpenetration of the difiTerent mouldings and parts. The French anti- 
quaries have called the system in question mouluree pritmutiquet. Neither of these terms 
seem satisfisctory, but of the two we are inclined to prefer the first as most significant. In 
the paper above mentioned, he observes that the practice is very rarely to be seen in 
English buildings, but produces an instance of it in the turrets of King's College chapel* 
at Cambridge (Jig, 1069.), where the comica A of the pedestal seems to pierce the plinths 





which the solidity of frie octangular base vras ob- 
tained without the neoeaidty of the multitude of 
ro-entering angular mouldiim which would have 
otherwise been carried round the buttresses. 

Instances of interpenetradon are abundant in 
France. Amongst those selectod by him is one 
from a screen* in the oatbedrel at Chartres; it is 
l^ven here geometrically (Jig, 1076.). Fig, 1071. 

IS from the stone cross at Rouen* in which the 
interpenetration principle is displayed in many of ^ 

the verdcal as will as horixontal msmbers oi the stmetura. The paRi ikn&t trbfcl 
the fillet of ilie imtUion pierces the chamfered and moulded parte of the sill, ** le tnepf 
Flamboyant esamplee* ameU knobs and prqfectiani may he observed* mid on a auperlleiii 
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view m%ht iMMs mere unmeanbg <miafM»nts, but will be Ibutid 
explttiiible U}ion t)«le ayitetn of interfieiHstration.** Fig, 1072, “ii • 
windoe^ frwn e houie ncer lloannet at the baM of whose mulliona;, 
knobs ttiey ^ observed, which really represent the Gothic beae of a 
square mtsUion on the same plinth with the hollow chamfered mullioo, 
and interpenetrating with it** The Professor also states that, ** it may 
perhaps be found that this character belongs to one period or one 
district, of the Flamboyant style ; ** but from our own ^servation, we 
are inclined to believe it to have been universal from the middle of the 
fifteenth oetitiiry to the period when tlie style of the Renaissance super- 
seded it The principles on which it is conducted certainly prevailed 
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in Germany and in the Low Countries, as Professor Willis afterwards states. A notion 
to wluit extent it proceeded may be perceived hy Jig, 1073, taken from Mdller's Denkmaltr 
tkr DeuthchtH Bau~ 
kunnU 1821, and ex- 
hibits on the plan a 
series of interferences 
contrived with great 
ingenuity and a otin- 
sumroate acquaint- 
ance with practical 
geometry. The sub- 
ject is the plan of a 
tabernacle, or canopy, 
such as is not un- 
frequent in churches 
on the Continent. It 
shows, says MoUer, 
how the simple and 
severe architecture of 
the 13th and 14th 
centuries had been 
debased. The square 
BCD£ is the com- 
mencing figure. 

A comparison 
English and French 
mouldings has been 
made, with illustra- 
tions, by the Rev. J, 

L. Petit, in his work, 

Arehiteeturai SiudieM 
fo jProace, 8vo. 1854, 

page 141. Of course Viollet le Duo's Dwthnnairt has now become a well of informatkm 
on this as on many other details. Some lev examples are given at the end of the ensuing 
chapter of this Book. Venetian details have been carefully elucidated by J. Ruskin, in 
Stonti €f Fenict, Vol. Ill , 1853, wherein pp. 221-249 are devoted to the examination in 
succea^n of the bases, doorways and jambs, capitals, arohivolts, cornices, and tracery 
bars, of Venetian architecture. We do not, however, perceive tliat ahy scale or dimension 
is giyen to the examples illustrated, the absence of which materially lessens the useful- 
ness of the examples. German details may be sought in Holler’s work before quoted ; 
in King, Siudg Bdak of Medieval Architecture and Art, 1860 ; in Stats, Ungcwitter, aud 
Riechen 8 peiger,GolAi 0 Model Book, 1859 ; and in Hoffi»tadt, Gothitt^^ ABC buck, I84a 
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Tbs gsnsfsl plans of tbs piers supporting the prinoipal arcbss sro sSthsr dnplt or oom* 
pound I simple, wbsn domposed of one plain member; end Compound, when eonttstliig of 
a cove sanroundsd^ mialler iliafok detached or engaged. Piers of the eerlieat period 
foe cenqfbig veils seers square, ea pt tbs eatbedrel at Wmins. These were rdtev^ 
epgiiisd es In 1074. In the IStk osntuf^ tbs ebaft begins to take 

on its pl a^yjif e^week eroes (/p. 1075L), with migiqped oolumns in its anglcW 

eniS Si en Ifo focis, j 

Peej^ bebeftt of timet mekfag surveys e| ve Ihkk it uaefol to sum 

ite - - - - - --- •«»«». - 
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architectural notes, tlie plan of a piw should ol^jrs 
!» accompanied with indication^ of the distribu- 
tion of its parts to the vaultin|t arches 

which it carries. The 
mere plan of the pier 
by itself conveys byt 
•mall information ; 
for it often happens 
titst the identical pier 
ntsy be distributed 
in many difiPerent 
ways, and that these 
eon st.itj i LiLe 
the only characters 
that distinguish the 
Fii. 1074. practice of one age or 

country from another. Fig. 10 ? 5o. shows one way in which the plan alone may be made 
to coovev these particulars. The dotted lines, drawn from the respective members of the 
pier, mark the direction of the ribs and arches ; and upon each oP these, at a small distance 
from the pier, are placed vertical sections of these ribs, as at A BCD.” 



Fig. ICTSCk Fig. 1070 . rOWTAIXS ABSST ( KATB. 




Norman piers are, in their earlier form, mostly masses of wall, with rectangular nooks 
containing attached shafts, as at Winchester, /^#. 1267 and 1268. The circulai (/sr. 1076.) 
and cctagtmal columns seem to have been introduced about the time of the transition , 

decorated periods. Complex early English piers are so varied in arrangement that it 
would be iilpossible here to do inore than notice their general characteristics, which confdsi 
principally in the number of smaller isolated shafts clinging to a central column, to n^hioh 
they are at intervals attached, in reality as well as in appearance, by moulded bands or 
fillets (Westminster Abbey, /jr. 1278. ), wherein a circular shaft ia found, with four detached 
jolonnettes (Jig. 1058.), and with eight small detached shafts at Ely. Fig. 107T. is 

^ 

Wr. 1077. fomrTAijcs Asaar % cnoii. ^ Toraw aaiar i nax. 

engaged 

1078. and 1079.), so that a cluslered oolumo Is finmed by workipg oMt 


mass in lines and hollows. The example {/p. i059A ftm 

detached, and four attadied, eolonnettes to te'oentiil sl^ IhesMUhUib^ 

tional arrangement has been esjdaiiiod. It yfoM require a loliana'to aeUhnli the iMimm 
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and extent of the greet ptef^t in cathedrala and abbeyi. Piers In the perpendicular period 
are generally of oblong or parallelogrammio plan, the longitudinal direction extending 
ftom north to south (Jfy, 13 1 6.)- On the east and west sides 
half shafts are attach^^ which bear the innermost order or 
sofitt mouldbgs of the arch; the rest, including the great 
holl^, being usually continuous, without the interruption of 
any impost, rbe plan of the pier in Henry yil,*s Chlhp^l is s 
fine example 1324.) of such an arrangement ; 1059. 

shows the continued adoption of the decorated piers in the later 
portion of the nave of Westminster Abbey. Sometimes the 
ground plan is a square, set angleways (as in the nave of 
Canterbury Cathedral, Jiff. 1299., and at Bath Abbey Church, 
Jiff, 1320.), and each angle may have an engaged shaft of a 
fif. lOTS. uowDKw cmraoa. circular or ogee form. 
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CAPITALS. 

The mouldings of capitals and bases are more definitely marked in the various periods 
than any other kind of mouldings. ** It is by no means impossible, even for an experienced 
eye, to mistake the details of a decorated for those of a perpendicular arch ; but no one 
moderately acquainted with the subject could hesitate in pronouncing the style of a capital 
or base, provided it possessed any character at all. In the Norman period, when the shaft 
was round, the highest and lowest members only were square, the parts immediately next 
them being rounded off to suit the shape of the shaft (Jiff, 1266.). This is seen in the 
ordinary form of the cushion capital. We may observe the lingeiing reluctance to get rid 
of tlie square plinth, in the tongue-shaped leaves or other grotesque excrescences which are 
often seen to issue from the circular mouldings of transition Norman bases. ** Fiff, 1080. is 
a curious example of the square form in front (N), and tlie circular moulded form in rear, of 
the shaft, shown on plan. Jiff, 1076. As soon as a sub-arch was introduced the corners of the 
capitals were either cut off or cut out : the former process 
produced the octagonal form ; 
the shape of the shaft produced 
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1081. irtlie front f«ce of the shaft Aovn tn^f^r. 1077., as u also /ig» 1089. of of 
Fsf* 1078», Ac* 

« Capitals may be divided into moulded and floriated. In the latter, the foliage in the 
transition Norman and early English period is arranged Vertically, in the decorated iJ 

twines horizontally, or rather transversely, 
round the capital 1083.). In the per 
pendtoular, more frequently small leaves or 
patene are set like studs at intervals round 
the shaft above tlie neck. The capital con- 
•ists of three parts, the abacus, the l>ell, and 
the neck. In the early English period the 
abacus is almost invariably undercut. In the 
decorated it consists of the scroll moulding 
with a cylindrical roll of less sise below it 
The bell, in early English caps, is sometimes 
double, with a very handsome efleot, while in 
decorated work it is seldom so deeply under- 
cut. It is also much more varied by elabo- 
rate and capricious forms, as by a number of 
fine edge lines ; and the underpart of the bell 
is often composed of a roll and fillet The 
necking forms an important detail in judging 
of the dates of the work. In tite early Eng- 
lish it is usually of a bold annular outline ; 
or a semihexagon. The neck during the de- 
corated period is almost always the scroll 
moiilding. but many other forms will he found 
to occur. Even a practised eye may occasion- 
ally be deceived in the date of capitals of the 
two early periods. 

** The capitals in the perpendicular period 
present such marked features that they are 
seldom liable to be mistaken. The mould- 
ings are large, angular, meagre and few. 
Neither abacus nor bell is clearly defined. 
The latter is reduced to a meagre slope, al- 
les still remains. The upper part of the abacus is usually sloped off to a 
^he section of the moulding below resembles the letter S inverted, being a 
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mere corruption of the decoratodt scroll moulding ; abow ali^ tlic cApiUl it oetogonal, while 
that of the preceding ttyles It round, llie shaft, however^ is circular in the perpendicular 
work, while octagonal capitids most generally occur in the other ttyles in 
the case of largo tingle columns of the tame shape. The base in the 
WSmKKm later style is generally ciicular in its upper 

members and octagonal below. The capitals 
are often embattled. The astragal or neck is 
either a plain round or a kind of debased scroll 
moulding with the upper edge chamfered as in 
the abacus. It will be found that a much greater 
license was taken in designing the mouldings of 
this style than in any other. Fig. 1099. is the 
section of the capital of the shah to tiie arcli 
between the nave piers in Henry VI I.*8 Chapel, 
(as at C,ySy. 1325.). Fig, 1093. is the base of 
vwiAM piers, as E,j!g, 1324. and B, in 

^ jfiP' 1325. Fig, 1094. the base, and capital 8 

inches high, to the vaulting shafts in the aisles ; 
the capitals in the small chapel at the end of 
the building are nearly the same in section. 


srork, while oci 
Lhe case of larg 
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K Sect. VI. 

BASES. 

The bases of the shafts in the 11th and 12th 
centuries are often chamfered and frequently 
Fig. io9(. Fi^. 1093. Ft^ 1094. moulded in the Attic form, more or less modified 

SMuJJtYJdii » ni-W. dctiMed. Jn the latter period the Attic ha»e 
cuoiK Ajsuc.' is sometimes found almost pure. In early work 

the base consists of the plinth or lower step, of solid masonry, generally square (,fig, 1080. 
see the curious modifications of it in the plan/p. 1076.), but in early English often octan- 
gular (Jig, 1077. and 1081.) ; and the base mouldings, a series of annular rolls, slopes, or 
hollows, taking the form of tlie column. In decorated and perpendicular columns, the 
plinth is apparently omitted, and the base is divided into heights, stages, or tables, by 
gradually spreading courses, each separated from the next by a plain, or by a moulded, 
Older. The lower part of the base is sometimes octagonal or polygonal. A cavetto above 
a quarter round is a very common form in early work. A bold annular roll, quirked on 
the under side, often divides the shaft from the plinth. 

The early English base is very similar to the Attic form, the chief peculiarity consisting 
la the hollow betag cut downwards and extended from half to three rj^uarters of a ci> cle, m 
that it is capable of containing water (jffys. 1081., 1084., and 1085.). The earlier the 
base is in the period, the shallower, as a general rule, is this water-holding iiollow (/g. 
1086.). A common form is obtained by omitting the hollow altogether, and thus bringing 
the rolls into contact (like Jig 1088.). -4n very rich eaily English bases there are often 
double hollows between dlleted rolls, below these occur other bold annular rolls, single, 
double, and even triple, as at the beautiful Galilee porch at Ely, where the bases are worked 
out of Purbcck marble and were polished. The spread of the base in the uppermost 
members generally equals that of tlie capital, or nearly so. By far tlie commonest decorated 
base is that shown in Jig, 1087. and ,fig, 1089., tlie number of rolls being generally tliree, 
but often only two. A few modifications may be perceived, but they are seldom very 
complex, llie large spreading roll is worked out of the block, with which it usually 
stands flush, and is separated by ft quirk or angular nook. Tiiis is also observable in the 
previous style. A simple form of base is shown in Jig. 1091. 

The prevailing chaivcteristic of the bases of perpendicular columns is a large l;elbshaped 
fp4sftd in the upper pert, often double, forming the contour of a liable ogee in section, as 
jlg» 1093. r and is one of the ordinary kind. Ibe lower part is almost invariably octagonal, 
the upper bnng generally round, hut also frequently octiq^onah irrespective of the shape of 
the shaft (Jig, IdOa). It has either one or more stages sloping off by a hollow chamfer, 
or by a second bell-shaped dofie. The first niember ^ the base is always an annular roll, 
res wu i M iBg the neck of capitals ; this is often in the form of tlie debaseft roll and flUet. 
Edge Vn— acftrcely ever oeenr** Other examples of bases are given last section of 
tbi^odc* The usual distribiftiBn of ^ table mouldings oK* late base ephsist of a plain 
F (^, teekeiSflif upwards from the ground line €« a flat surfluie £ and a 

flejMliig^ mrnHiiiig IK In mofo elabomte structures, the mxulim e# tbaee Jbase tablce 
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wi4 ^pi OTji^m k liicreM^ and the letter m often etrfed in panelt. 

«c. Thus A aeeoiul teble, B» it introduced ibote the ground liiM O. iVofhtwr WiHit 
t|ipliet tlie term “ground tmhle, greai table, or earth table,” to the slope B, and itatet that 
to such tables as D the term “ lodgement tables ” were probaidy applied. 


Baer. Vn. 


VAULTIKQ SHAFTS AND KIBS. 


'When the main sliafl supporting the clerestory had an attached circular shaft in 
front, the latter was often carried up as a shaft to the roof (Jig, 126d.) The point 
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Fig 1097 Hg 1008 
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has not yet been settled whethtr this shaft in some early buildings was, or was not, 
so carried up to receive the cross rib of a vault, or simply to bear the lieam of the 
rooHng. When vaulting became more general, the purpose of the shaft was undis- 
guised 1278 \ and being made correspondent with the vaulting ribs, the groups of 
the latter were received on a colonnette 
or on small columns. The saulting ribs 
at St. Saviour’s (Southwark) Cliurcb, 
are giien in Jig 6(i?e. In the latter 
part of the I5tli century engaged colon- 
nettes for receiving tlie vault ribs rise 
from corbels placed on or above the 
capitals of the shafts, and sometimes 
the ribs themselves spring from the 
corliels (Jgs. 1274. and 1275. )» and 
later, or in the perpendicular peiiod, 
the older form was, as it were, reverted to, and the attached circular shaft was carried up 
to, and received the vaulting ribs, as in ^gs, 1302., 1307., 1314., 1317., and 1325. 

Corbels very fre- 
quently supplied the 
place of capitals both 
for the springing of 
arch mouldings and for 
vaulting. These cothels 
were either moulded or 
carved to correspond 

with the capitals (/g. Fig. iioi. Fig non. Fig.iioa, 

1 109 'I or thev wprp aisles. kavk and choir. 

7. AUlci, TimoiYena Rib, Bod Du»gon»l. Wall Rib. Traotnrao Klb and Diagonal, 

fashioned into a mass tintbun abbey, vaultinq buib. 

of foliage, into heads of males and females, or of animals. Even whole figures were 
introduced, occasionally deformed if not purposely so carved for admission within the 
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(Mik leaves and roses alternately, carved with ^ eat taste and * subtility/ enrich and covet 
TAULTuro aiB. junction of the ribs. — 'Fhe uncouth and ^ 

barbaric lieads in the corbels which surround { | || li M (I I 
principal figures contrast with their grti- 
ciousness, and form that antithesis which the 
great musters in fine arts of the succeeding 
centuries employed so abundantly. I'he virgin 
patroness jiresides over the western pinnacle of 
tlie chapel ; tlie angel Michael at the other 
Fij^uoa. termination of the building menaces with his |"«l 

falchion the several demons which I 1 I 

might approach the hall, refectory, cellar, and nu. noa. wbstminstrr 
kitchen ; the angel Raphael points out the entrance to tl»e house cS.' 

of prayer at New College; tiie king and the bishop support the label 
of the gateways to the college at Winchester, and the entrance of the chapel *, and as the 
appointed guardians and supporters of temporal and spiritual things, they sustain alter* 
nately the corbels or springers of the ceiling of the chapel. At tl»e entrance of the hall 
and kitchen, the recreating psaltery and bagpipes are affixed; over the kitchen window is 
‘ excess,* a head vomiting ; and opposite is ‘ frugality ’ in the figure of a bursar with his 
iron-bound money chest. Over the master’s windows are the pedagogue instructing, and a 
listless scholar, scarcely attentive to the book he holds in his hand. Elsewhere we recog- 
nise the soldier, the scholar, the clergyman, &c , as suggesting the various professions in 
which the inmates may occupy themselves in after life, Ihe inept substitutions for these 
significant and appropriate ornaments are amongst the most palpable evidences of the in- 
sufficiency and inaptness ofdur mimicry of this style, in most instances in the present day; 
and they betray great ignorance of the poetical mind and spirit of medi»val sculpture. ■— 
Cockerell, The Wykeham Buildings. 


Sect. VI 11. 

HOOD MOULDINGS AND STllINO COURSES. 

“ The strings consist of projecting ledges of stones carried below windows, both within 
and without a building, round buttresses, and other angular projections, and to cornices, 
parapets, tower stages, and other parts of edifices, being used m dividing lines, rhoug \ 
subordinate, tliey are of the greatest possible importance in imparting a character to a 
building. They at once relieve naked masonry, and bind into a whole the seeming y de- 
tached portions of a rambling or irregular construction. In most caws, especially to 
windows, a string course forms a real drip or weatheiing, and adapts its upjjer surlace 
esjiecially to this end, thus becoming what is termed a hood moulding, which when used 
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inUmal/y, cannot be said to have any real use ; but they form a decorative finish of too 
important a kind to be neglected with impunity.” 

Norman string courses are generally full of edges or hard chamfered surfaces ^ 

In most cases they have some sculptured decoration of the style, as the billet, tlie clifevron, 
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^ tins moulding as of all others of the style. The most frequent decorated form 1 1 1& 
That shown on Jiffs, 1179. and 1181. is also very common. The scroll, with a half- 

. round next below It^JIff. 1115., is 

very characteristic. The rounded 
form of the upper side, or weather-' 
ing (Jiff, 1118.), is peculiar to 
the two first styles; the angular 
or chamfered, of the last (Jiffs. 
1119. and 1120.^. Stringcourses 
follow the principle of the abacus 
] of the capitals, from which indeed 

/ they are often continued along 
the wall of the building. 

Perpendicular strings and hood 
. 1 , |n‘>“Mi"g« •;« genemlly mirked 

▼u*8 cuAPKu by the plane slope of the upper sur- 
face. Tlie details of the parts 
underneath are so varied as to render it impossible 
here to give any account of them. A characteristic 
mark of the style is a small boltel in the lower 
part (Jiff. 1121.). The wall often recedes above 
the string, or even overhuigs it. .Ftp, 1122. is 
the section of the ** Angel cornice ** over the 
arches in Henry VII.'s chapel, as shown in the 

m elevation, j^p. 1325., at D. Ftff. 1123. is the 

cornice and base over it, over the paiulling 
above the octagon windows. The scale is the 
same as to fia, 1085- 

Fig im Fig. ii?.> 

lliiNRr VIf.'S CIUrKL 
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BASE COURSES OR TLINTHS. 

This term is applied to that series of mouldings formed at the base of a wall, which 
leads the eye from the upright face gradually into the ground. The lowest course of 
tlicm is even called the “ ecpeth table.” The early examples 
are very plain, consisting ofiMlltr of more chamfered set-offs at 
various heights, ns Jiff. 1124. ** 

In the early English period, the roll moulding 
was introduced at the upper ^dge of a deep oharo* 
fer, as /ps. 1125. and 1272., and with wit or two 
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chamfered set-offs. They then became very sdiniUr, as ill the trane^its df Be ve sfy 
ster, to Jiff» 1226., of tlie geonietrie or derated period, in which the iahieC or ak^ 
toak a curved or ogee outline, and was generally only one in number, ffnidied at ttg^ 
by a scroll moulding, with occasionallv a fitrlnv* almvik it -j 
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fiff. 1 126 ii ▼dry tifMli for to Urge a buikiing. The basement Lichfield Cathedral U 
not much more defined. Fig. 1277. is a richer example. 

The basement in the perpendicular period i« one of the glories p— i i r-i 

of the style. That shown ^fg, 1806. from Winchester, may 
be considered very plain, as is also that at Bath, fg, 1319. 

Reversed ogees and hollows, variously disposed, are the prin- 

citai meml^rs. Fig. 1128. being the basement round the 
outside of Henry V 1 chapel, will afford some idea of the 
work bestowed upon this feature. Yelvcrtoft Ciitneh, North- 
amptonshire, has four rows of diagonal, square, and circular 
panelling, one above the other ( Rickman, page 21.8., 6th edit.). 

In Norfolk, where flint work was used in the erection of the 

building, it was introduced in upright panelling in the lowest — '■ ' '■ 

face. al)ove an ogee moulding (tbtd, page 214.), - - ' ■ 


Sect. X. 



fhe Norman period may be said not to have exhibited any I i ^ 

parapet, the -roof being finished by the tiles or lead work pro- — 

jecting over tlie wall and supported by a corbel blocking: 

During nearly the whole of the early English period, the 
parapet in many buildings was often plain, as Jigs, 1 129. and 
1126. ; or with a series of arches and panels; or with quatre- 

foils in small panels, Mjig, 1277., which is of the next period; L-_ — k 

or plain, with a rich cornice under it. V 

In the decorated period it was still plain but with moulded capping ^ 
and cornice, as Jigs. 1130. and 1131., and with the ball flower, as ' ' ) 

in Jig. 1128., but also closer and connected by tendrils; it is often 
piero^ in various shapes, of wliich quatrefoils {Jig. 1277), in circles, 
or without tliat enclosure, are very common ; but another, consisting 

of a waved line, is more l)eautiful and less usual ; the spaces are 

trefoiled. Pierced battlements are very common, with a round or — t 

square quatrefoil. Tiie plain battlement most in use is one will) ^ 

small intervals, and the capping moulding only nbrizontal. 

They continued to be used in the perpendicular period. The 
trefoiled panel with waved line is seen, but the dividing line is more 

often straight, making the divisions regular triangles. One of the 

finest examples of a panelled parapet, consisting of quatrefoils in 
squares with shields and flowers, is that at the Beauchamp Chapel, ^ 

Warwick. The pierced parapet on Henry VII.*s Chapel (Jig. IISS.) is ^ 
a fine example, with its angle pinnacle. That on the choir at Win- 
chester Cathedral consists of upright panelling only (fig, 1306.). f 

Early period battUmenU frequently have quatrefoils either for the I I 

lower compartments or on the top of the panels of the lower, to | 

form the higher. The later examples have often two heights of ^ pi*. um, 

panels, or richly pierced quatrefoils in two heights, forming an inducted axiutY vit.>s cuapx&. 
battlement They have generally a running cap moulding carried round the indentations. 
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and sometimes with large battlements and small intervals^ the capping being only placed 
on the top, and the sides cut plain. III. Like the last, but with a moulding running 
round the outline, the horizontal capping being set upon it. And IV. The most common 
late battlement, with the capping broad, of seveial mouldings running 
round the outline, oflen narrowing the intervals (Rickman). It is sel- 
dom that the battlements will tell the age of the building, as they have 
been so often rebuilt. A small battlement differing to these four descrip- 
tions, is shown in Jig, 1128., under the windows of Henry Vll.*s chapel. 

A few more words may be said in the section Toweus and Spikes. 


Sect. XL 


MOULDINGS IN WOODWORK. 


“ If this kin4 of work be attentively examined, it will be seen that4t 
was wrought altogether on the same principles as the corresponding 
sculpture in stone. We see the thoroughly conventional early school, 
the naturalesque middle- pointed school, and the again conventional third- 
pointed school of carvers, succeeding each other in exactly the same 
way, the main difference between the two being that the work in 
wood is ordinarily very much more thin, flat, delicate, and sharp, than 
the work in stone ; that it has always some limits set to its exuberance 
by the nature of the framework in wliich it was wrought. In carpen- 
ter’s work, it was always the rule only to mould the useful members, and 
so it was also as regards the carving It was not useful or convenient 
to put on to a piece of oak framing a mass of oak to be carved as a 
boss or a stopping to a label (this sort of 
device was reserved for the ingenuity of nine- 
teenth century architects), and so it will lie 
*found that most of the old wood-carving is 
so contrived as to be wrought out of the 
same plank or thickness as that which is 
moulded, or else is a separate piece of wood 
— in a spandril, for instance, enclosed within 
the constructional memliers. The spandrils 
in the arcades behind the stalls at Winchester j 
Cathedral are an admirable Example; tliey 
Im^rved in thin oak, perforated in all direc- 
tions* iuid then set forward about half-an-incb 
in advance of back panelling. The effect 
o£ llua k as msy H supposed to icive the 
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canring tli€ 1A<^ dUtinci relief ; and it is an e6f'ect strictly lawful, beokuse it was imiiossible 
in other materia^ and yet natural in woodwork. The same attention to the material will 
he found eaemplihed very remarkably in all old wooden mouldings. The accompanying 
illustrations 1134, and 11.35) will i^ow how extraordinarily minute, delicate, and 
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distinct lines. The finish of the wall plates in the porch at Horsemonden, and the 
carving of the miserere seat, so curiously preserved in the midst of woodwork some three 
hundred years later in date, in Henry VII.’s chapel, are fair illustrations of the goodness 
of the earlier sculpture.** 

The whole of the early mouldings are sharp, delicate, minute, and quaintly, undercut. 
They are very often unlike any stone mouldings, just as many wooden traceries (e g. those 
of the sereen at St Mary’s hospital, at Chichester (Jly. 1135.), and the stalls at Lancaster), 
are quite unlike what could conveniently be executed in st,one. In ^ite of a bad fashion 
which obtains just now,** among aongfe of the present medisval architects, ** of ignoring 
the value of mouldings, 1 maintain that they prove conclusively the existence of a school 
of art in this country of almost unsurpassable excellence.** Stmt, On ffoodwork 

ia the I3t4 and 14/A ceitfartee, read at the Royal Institute of British Architects, 20th 
February, 1865. 

As an example of early work we give^/f^i# 1136. and i 137*, from Bury, JKuodwork^ being 
. . 1 . ^ .t KMmt M. in the Mt SirtiML is the first 
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centre openmg* the erch of which is shown nt N. The corresixNiding positiciM en pin 

me exhibited tAfy* 1137. The sectaon represent 
the face of the buttress P , while the plan Q is tbs 
of the arch mouldings at R, 

1138. is ^ section of the screen cm the soiitl 
side of the chaticel at Lavenbam Church, SuflEoUc 
^ wlierein the details N, O, and P, are those belongcni 
to the buttress Q* which even ki late medUeval car 
peutiy was not omitted, though somewhat out o 
accordance with the **true principles** attributed tc 
design in that style. 

Ftff. 1139, being the capits^ and base moulding! 
from the screen in Aldeiiham Church, Hertfordshire 
are of the perpendicular period. These examples arc 
all furttier illustrated in Bury*s work above-men* 
tioned, as well as fys, 1140. to 1144., showing the 
general style of 
mouldings adopted 
for seats and bend) 
ends, as noticed 
par. 2192/>. Ftp, 

1140. is the rail of 
the bench ; Jiff. 

1141. the division 
under the seat ; and 
Jiff. 1142. the sec- 
tion of the arm of 
the std^and of 
a bei^l^^nd, all 
at fl||Bcnorth 
Churc^pRmerset- 

shire. Fiff 1143, is the arm of the stalls at Wan- 
tage Church, Berkshire; and 1144, the rail 
and stall mouldings at Swinbrook Church, Oxford- 
shire. The ends of the stall even in Henry VI I. *8 
chapel are worked out of only 3-inch planks, and 
FI*. 1158. LAyiKBAM, soTFOLK formed into three attached shafts, similar to Jiff, 1 143, 

Other notices of the thickness of stuff are given mwr, 2175d. 

Having given illustrations of the principles m constructing timber roofs during the 
mediaeval period, we now append some of their wl»ich, on comparison with the 
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Bgures just given, will tend to show the mode in which the rougher and larger timbers 
were ornamented, especially those so aMll forther from the siglit foan screens and other 
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like decorative work. Fiff. 1145. shows the rafters used at Fulham Church, Norfolk 
yip, 701o.)i L being the main, and M the common, rafters, with the boarding N sunk 
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Sect. XII. 


In the body of the work we have, under each period of Gothic architecture, given a 
description in general terms of the windows prevailing at the several times. The examples 
here brought together, are inserted merely for the purpose of showing the gradual change 
in their forms and combinations, which are almost infinite in nuinl^r, and yet tliat the 
latter are far from exhausted, is conclusively shown by R. W. Billings, in his work on 
Geometric Cofitbinations ; and by E. Sharpe, in Decorated Window Tracery, 

The earliest windows are extremely small, always semi-circular headed, or nearly so, 
and without moulded archivolts. Ttiey are usually with a single light {fig, 11^66.), except 

in belfry towers, where we often find them divided into 
two by a shaft with a capital, as in the tower at St. 
Alban’s (/y. 1160 ). 'fhe simple plain head, however, 
in the latter part of the larly period, 
was more or less ornamented with the 
chevron or zigzag, and other orna- 
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ments of the time, as \i\ fig, 1161. One of the greatest and most striking changes 
brought in by the pointed style was that of introducing, from the suddenly elongated 
dimensions of its windows, a blaze of light into its edifices, which, from the low and narrow 
aizes of their predecessors, were masses of gloom. From tlie beginning of the 12tli 

century we see them lengthened in a surprising manner, 
and terminating with a lancet-head, which sometimes 
became occasionHlly cusped. An instance of the simple 
lancet-head is given in fig. 1162., from the Trinity Chapel 
at Canterbury Cathedral. Sometimes an elegant com* 
bination is obtained by grouping lancet-beaded windows 
under one hood, the centre rising above the side ones, as 
at Salisbury Cathedral {fig, 1163.), where the spaces be- 
tween the heads are ornamented, or have a sunk panel or 
device. These spaces are frequently pierced with foliated 
circles, or with trefoils or quatrefoils not enclosed* In 
an example at Lincoln {fig, 1 164.), the height of the group 
is equal, but the light of the centre being wider than the 
Fig. 1104. LiKooLK. two sldc Hghts, the curvature of the arches of the latter 

is necessarily much less than that to the former, and the effect is nut satisfactory. 
There were, however, many other arrangements in designing these lancet*headed 
windows than the single and triple ones just mentioned. Two, four, and five, lights 
occasionally form the group. Of the last-named, are windows at Iithlingborough, 
in Warwicksliire, and at Oundle, in Northamptonshire, in which the lights on the sides 
gradually rise up to the centre one. In the latter part of the period, beads finisli 
with trefoils ; the mullions are moulded and finisited, Iwth inside and outside, with shafts 
or colonettes, from the capitals of which spring the mouldings of the subdlvidons. 

The finest and largest group of early English lancets in tlie kingdom is the fivet oom- 
monly called * the five sisters,’ in the north transept at York Catb^ral, completed 1 250. 
They are^ each about 5 feet 7 inches wide, and nearly 60 feet high, and in the mterior 
have a beauty altogether their own, not surpassed, if it be equalled, by any decorated 
or perpendicular window in the kingdom. The rich effect of the arrangement of the 
two stories, each having tliree lightStai the east end of Southwell Minster, is well deserving 
of attention. Ely cathedral lias internally five lights over three, while externally three 

more are nhserved over the five. 
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62 feet high and 8 feet wide. The detached shafts are filleted in four rows $ the mouldings 
over are formed into trefoil arches. In the south side of the choir of St. John’s Priory, in 
the same city, it a continuous arcade of 54 feet of lancets, the largest pier being only 9 
inches wide. 

These filleted bands are an interesting work, as they are found in many parts both of 
Ireland and England. Perhaps the most remarkable example in England is that at 
Walsoken Church, near Wisb^h, where the chancel arch has four small shafts in each 
pier, all banded five or six times. It is additionally striking from its greater antiquity 
tlian any of the Irish examples, being, as at St Alban’s, romanesque. Hiese banded 
columns and roll mouldings find their counterpart at Margam Abbey, in Glamorganshire, 
the west front of which shows a fine triplet, and a doorway below banded in this peculiar 
manner. Tranaactions of the Institute of British Architects, 1865-66, pp. 80-^. 

The fuiiations seen in windows belonging to the earlier examples of this style in England 
are not generally cut out of the same stone as the head of the arch to i(?hich they belong, 
but form the tracery, in small pieces, and these ^ 

enter into the class of pl^e tracery^ i.e. they be- 
long to the flat soffit, and not, like bar tracery^ 
to the outer mouldings. 

By perforating the space between the heads of 
two adjoining lancet-headed windows, as in the 
old painted chamber at Westminster 1165 ), 
the elements of the ornamented window are ob- 
tained. To cover it, however, ornamentally, the 
enclosing arch must be depressed and modified ; 
and at Ely {Jig. 1166.), we find an example for 
illustrating the remark. The lozenge-shaped 
form between the heads of the arches is con- 
verted into a circle which, as well as the heads 
of the lights, is foliated. Instead of a single 
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circle inserted in the head of the window^ we then have them with three foliated circles, as 
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at Lincoln, one above and two below ; the same cathedral furnishing an example in the east 
window of its upper part having one laige circle inclosing seven smaller foliated ones, he- 
sides its containing similar ones in the beads of the two leading 
divisions below. The windows just described belong to a transitional 
style between the early English Gothic and the decorated ; but the 
ornamented windows of the I4th century exhibit in their general 
form and details a vast variance from them in the easy unbroken 
flow of the tracery with which they abound. 

In the next stage come the examples shown by fig, 1167., Meiton 
College Chapel, and /y. 1168., the Cathedral, both at Oxford; the 
latter whereof lias a tendency towards the Flamlmyant style, which 
has been before mentioned, and which, in the 14th century, had 
tlioroughly established itself in France, as may be seen in the win- 
dows of the church of St. Ouen, at Rouen, exhibited in Jig. 1 169. 
It may be observed that the principal lights are seldom divided by 
transoms ; when they, however, occur they are mostly plain, and 
rarely embattled. Though the ogee head is often found, the usual 
form is that of the simple-pointed arch. In the clerestory, square- 
headed windows are often seen, but more often in other parts of the 
edifice. Jn the preceding, as well as Ip this period, occurs the win- 
dow boufided by thrw equilaterally segmental curves foliated more 
» or less , as the date increases. The arrangement of the tracery of 

windows has, by the Froneh antiquaries, heed divided into two classes — rayomiaat and 
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flamhoyant Their rayonnanU called on account of the great part the circle piap in 
It, and on whose radii its leading forms are dependent, was Bourisliing throughout the 
14th century in France. The flamboyant or tertiary pointed style followed it. We have 
already observed tiiat the Continent preceded us in each style as much as half a century. 

After this comes the Florid style, in which the edifices seem to consist almost entirely of 
windows, and those of the most highly omamenti*d description. It is scarcely necessary to 
do more than exhibit the figures for a comprehension of the nature of the cliange which 
took place; in sliort the 
intioduction of the Tudor 
arch alone was sufficient 
hint for a totally new sys- 
tem. In the example (^. 

1170.) of a window at 
Cawstmi Church, Nor- 
folk, we may obser\e the 
commencement of the use 
of transoms, which at 

length were reptated Fi«.ii7a. ayisham. 

twice and even more in the height of the window, and indeed became neces^ry for 

afiording stays to the lengthy mullions that canic into use. Ftg. 1171. is an example of 

tlie square- lieaded window of tiie period, and fig, 1172. of a Tudor-headed window at 
Aylsham Church, Norfolk. Another example may be referred to in fig. 200., and in the seve- 
ral illustrations given under the section princifles of pROPoatioN, at the end of thischaptcr. 

MvdlioM appear to have been introduced about the end of the 12th century as sul)- 
stitutes for iron frames, and were at first built in courses that corresponded with the 
other work of the wall in which they stood, or were in small pieces. But as early as 
1235 they were face-Uddtd stones dowelled with iron. As the oxidation of the metal 
proved injurious, iron was superseded, after the end of the 14th cen- 
tury, by dowels made from the bones of sheep or from the horns of 
deer. Fig. 1173., from the west windows in the tomb* house at 
Windsor, temp. Henry VII., illustrates the arrangement usually 
adopted in drawings to show the distance from centre to centre, as 
at M, N and O, that is to be allowed in forming the length of 
radius employed in striking the curves for the tracery. Other ex- 
amples of such sections are given from the clerestory of the nave of 
Winchester Cathedral, fig. 1303.; Rouen Cathedral, fig. 1290 ; 
Kin g’s College Chapel,^p. 1312, ; Stl^^orge’s Chapel, Windsor, 
and from Amiens Cai\\edra\j fig. 1329. 

^^HMlmplest muQion or monial or tracery bar would be a plain 
rectangular block of stone. The next, with the edges chamfered, 
varied by substituting a hollow for a plain chamfer ; by giving an 
ogee form to the chamfrr; and by cutting out a hollow in tiie 
chamfer with receding angles instead of a receding curve ; this last 
is perhaps peculiar to the early decorated style. The hollowed 
chamfer is the only moulding ordinarily made to carry the ball flower ornament of the 

14tb century, and the 
four-leaved flower of the 
15th century. When the 
tracery becomes at all 
elaborate, the stibordi- 
nation of the parts is 
effected by giving to the 
jambs and mullmns, or 
perhaps to some of the 
mullions only, and to 
some of the tracery bars, 
an additional ardor of 
idxnddui 0 oii. Then the 
mict QC boRel of the 
outer monldxng in 
fif. 117$,) desoRi^ the 
peatatmoBJi thnteftbe 
inner momlduig (0) the 
stnallnr linn of the tm^ 
cerjr mi thn wboli of 
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may be n% varied an was tlie first Perhaps the most common form for the first is the 
hollowed chamfer, and for the second and third, the reasant with a fillet. In a very few 
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instances, the outer fillet 
becomes a sharp edge, i.e. 
tlie mullion is chamfered 
to an arris. 

Nothing is more essen- 
tial to the good effect of 
windows (except where 
the mullions are treated 
as shafts ul^der a mass of 
tracery without glazing), 
and noticing is so much 
neglected by modern ar- 
chitects, as making tlie 
mullions of adequate 
thickness,” writes JVlr. 
Denison, in Church Build-- 
ing, ** The modern works 
are very seldom morethan 
itli of the width of the 
lights ; probably about 4 
itiehes in the ordinary side 
windows, and sometimes 
less, and perhaps a few as 
much e$ 7 or B inches in 


east and west windows. In the east window of Tintern Abbey, which has eight 
I {Jig. 1 178.), the principal mullion is 15 inches thick, and the two secondary ones 

A are 11 inches, and the four 

smallest v^ry neaHy^B^^nche^^ 

borough windows are exactly 
‘ *■ three times the width of the 


mullions i the aisle windows 
Pig. U78. tiifwair Anar, xast wiitdow. Fig. iim ^ Selby arc about the same; 
where thiwe are more lights than these, and therefore two or more classes of mullions are 
requiredt the larger ones must be considerably more than thia In all cases the depth 
from fieek to front ought to be at least twice the width or thieknees from side to side. 
Tbeie are a frw old geometrical windows, with * thin * mpUloni, but tiicy are exceptions, 
and do not look well. ... ^ 

** Tlie differenee between good and bad windows, strikingly exhibited in the same church, 
may be seen in the north aisle of the choir at Selby, where a set of windows of no more 
ttian Uiree lights, and those rather sliort ones, having tracery of the amplest possible 
petterm'oftly three gwatrefbils^ tl»« head, aie perhaps the most beautiful windows of the 
size to be {bond anywhere. Above them in the clerestory are windows of four lights wd 
^ ^ anj vet almost as ill-ldidihtg »• eoy modem ones.^ ^Ihe 
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WINDOW ^AMBS AND AACH PIuANES. 

The following details of window jambs and mouldings, are reduced from those given in 
the valuable publication already mentioned, namely Sharpe's Architectural TaralleU, Fig, 
1174. is the plan of the 

jambs, and Jig, 1175. of • 

the mouldings of the arch 
over them, to the early 

Foun- I 
Abbey, \ 

are V 

the to the 

geometric at Hn- ‘ 

tern Abbey, Monmouth. H|^ \ / 

shire. The same publication ^H|L 

gives, amongst its niune. 
rous details, the elaborate 
grouping of mouldings lb \V^iP^^B|b 

the magnificent east (^*. 

windows of this building, 
which is somewhat transi- ' 

^nal to the decorated 
period, and of very great 
beauty. Fig. 1 1 82. is the 
jamb mouldings to the 

decorated east window at ^ T 

Howden Church, York- ' | 

shire, showing a passage 

and (L) the mitring ' 



Ha 1182. HOWOKS CapSCH ; EAST WOTOOW, Flf. 1180. TlIfTlEIC ABBET ; WEST WIKTOW, Tig. 1181. 


cuikt* in^ 


CIECULAH WINDOWS. 


irith the wiU-vork inside. Fig, 1185. is the jemb mouldings of the Upper i«m^, or 
tlie elereitoiy windows. These are all reduced from Cottingham's work on this building, 

and, are, to some extent, shown in the interior eleva* 
tion of the bay, given in Jig, 1325. 

The section of the jambs to the windows of the 
clerestory at Winchester Cathedral is given in Jig, 
OUTSIDH 1303. ; to the windows of King's College Chapel, 

Cambridge, in Jig, 1312. ; to those of St. George's 
Chapel, Windsor, in Jig, 1316. ; and to those in the 
clerestory at Amiens Cathedral, in^^. 1329. 

The arch planes worked in the same buildings, 
have been placed on pages 971*, 972., and 973., 
while the series of mouldings to the arches of 
Henry VII.’s Chapel will be found very poor in 
comparison, as may be observed in Jig, 1325. 
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Tlie large circular windows so frequently seen In 
the transepts of churches, and sometimes at the 
west ends of them, and going by the general name 
of rose windows, seem to have originated from the 
oculi with which the tympana of the ancient basilicee 
were picro|L and which are still observable in monuments of the 11th century. For the 
study of tffis species of window the edifices of France furnish the most abundant means, 
many of them being of exquisite composition, and in our opinion far surpassing any else- 
where to be seen. Many of these, from Rouen, Beauvais, and Amiens, will be found 
illustrated in the following chapter of this work. 

It is scarcely previous to the 12th century that they can be fairly called rose windows; 
before that period they are more properly denominated wheel windows, the radiating 
lUullions resembling the spokes of a wheel and being 
formed of small columns regularly furnished with bases 
and capitals, and connected at top by semicircular 
arches or by trefoils. By many the more decorated 
circular window has been called the marigold window, 
but we scarcely know why that should have been done. 

Tite rose windows are used in gables, but their dimen* 
iions are then generally smaller and they are often en- 
closed in segmental curves whose versed sines form an 
equilateral triangle or a segmental square. 

An early specimen of the wheel window is in Bar- 
freston Church (^Jig, 180. ), wherein it is manifestly later 
than the other parts of the front. The example from 
Patrixbourne Church, Kent {Jig, 1186.), is a curious 
and early example of the wheel window ; herein, and rATEixBoujura. 

indeed in allllie minor examples, a single order of columns is disposed round the centre { 
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Uut bi the foulb traiiiept «t York CathednJ «e have « noble hyetinfee of Uku 

-a douMe order of columns being employed, connected folistion above 
mpitsls of the ooltimns ; this efample Is of the Idlh century. As the curly style came 
the columns would of course give place to the mullion, as in the elegant apecilhen hr 
St. David*6, shown in/^r. 1 1 88. The two following examples ( Jl^s. 1189. and 1 190. ) fr 
Westminslerb and Winobester Palace»^i^uthwark, arc both of the I4th century, ^'he fi 



flf. lisa wasTMurariiB absit oatmon. 


Itf 1190. WIXCUBSTBB rALACK. SOtmiWAKX. 



IS not the original window, but we have reason to believe it was accurately remade froi 
the original one. The latter is a most elegant arrangement flowing from the continued sid 

of the central hexagon, and consequent! 
forming a series of equilateral triangles dt 
corated with foliation. It was placed in tii 
gable of tiie great hall of the palace, whic 
ball a as spanned by a timber roof of ver 
peautiful and ingenious construction, a fei 
^ears since destroyed by fire, after winch th 
vail containing the window was taken down 
During |lie period of the three last exam 
pies in this counti y, the Frencli were makin| 
rapid strides towards that era in which thei 
flamboyant' wm to be stifled and extin 
guished by thfKntroduction of the renais 
sanoe style, about which we have alread) 
suhmi^|ii|mme remarks, and product c 
some ^^HpRes. In tlie church of St. Ouen 
at RouenTthc circular window (fg, 1191.) 
middle of the 14th century, exlabits tin 
extraordinary difference between Frendr and 
English examples of the same date. Beau* 
tiful as many of the English examples undoubtedly are, we know of none tint is equal tc 
this for the easy and elegant flow of the tracery composing it. The leading points it will 
be seen are dependent on the hexagon, but, those determined, it appears to branen off from 
/ the centre with unchecked luxuriance, preserving, nevertheless, a purity in its forms quite 
in charai^tdl with tlid exquisite edifice it assists tay^ht The details of this window may 
be odys^geously studied in Pugin's Aniiquiti$f ^K$wrmandg^ and in tlie larger woodcut 
given in' {he subsequent chapter. 

Besides these examples of circular windows, othen wUl be found of varying pattern^ 
forming the centre pieces in the heads of large windows, at at tiie churches of Easby, 
Howden, Wellingborough, and at St. Alban's Abbf^. 
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TaAcatv or wimdows. 

As the perpendicularity of the style changed, at the begloamg of the )3tb eentuiy, IVom 
Hiat which might be ten^ did the cotOpaaatitdy rude and elttmay 4ft|i 4il 

Itq ornament assume a lightness foumlBt in a close obserration of natuie. Its scai^kre 
U endowed with life, and its aspifmg forms arc closely oonneeted with tlia general optliifet 
bounding |he masses The models used for decoration are tifinft|d from the and 
tha maadM ^ Among the flowers used for tlw angular decorations of pinniiclea and 
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on ovodeets, and in situatioiii, an ornament very mticii .rMn4ilinj| the Cypr^i&imm 

or lady’s slipper, and the iris, are of constant ocettrnaioe^ The former pjpint, 
however, appears tb be found only in the woods in the north of England, and now, at 
any rate, It is very rare. 

These models, however^ Urough closely and beautifully imitated (says Ramde), are Sub- 
mitted reduction within stich boundaries as brou^t them to a regular and geometrical 
form. 'J^ius is found eveiy conceiiable description of ornament brought witliiii.the litnita 
of circles, si^uares, and triangles, as well as within the more varied forms of the maniH 
sided polygons the latter, as fn the marigold and rose windows, being again subject to 
the circumscribing circle ; these polygonal subdivisions having always reference to tbs 
regulating subdi virions of the apsis, as will bo further referred to in Chap. IV. 

The circle obviously presents a boundary for a very extended range of objects in nature. 
In the vegetable world, a flower is scarcely to be found which, within it, caibot be sym- 
metrically arranged. Its relations afford measures for its subdivisions into two, three, 

four, and six parts, and 
their multiples, by the 
diaiipater and radius 
alone; the last being an 
unit, upon which the 
equilateral triangle and 
hexagon are based ; 
moreover, as the in- 
terior angles of every 
right-lined figure {Eu- 
clidt prop. 32. b. I.), 
together with four right 
angles, are equal to 
twice as many right 
Tig 1193 . angles as the figure has 

rides, it will Im immedtately seen that the interior angles in the equilateral triangle, the 
pentagon, the hexagon, the nonagon, and the dodecagon, are divisible by the sides so as to 

clear the result of frac- 
tions. Thus, in the 
equilateral triangle, the 
number of degvi^s sub- 
tended by the sides is 
'€0®. In the pentagon 
the number is 108^ ; in 
the hexagon, 120^; in 
the nonagon, 140^; and 
in the dcdccagon^ 150°. 

(See par, 1219.). In- 
dependent, therefore, of 
the service of the circle 
in construction, we are 
not to be surprised at 
its being so fovourite a figure in architecture, from tlie period at which the art vmt 
to become truly serviceable to mankind. 

In 'respect of the pentagon {Jiff, 1194.), if lines bo drawn from each angle so as to 
connect every two of its sides, the pentalpha results ; a 
figure in much esteem in the 13th and Mth centuries, 
a^ used among the Pythagoreans as a symbol of health, 
centuries and centuries before. 

The heptagon and undecagon, whose interior angles 
are not divisible without n fraction or remainder, were 
rarely mad by the Freemasons ; an instance of eitlier does 
not occur to us. » ' 

' An inspection of Jtgg, 1 192. to 1198. will show temode 
of generating ftom the several polygons the lobes e|i^u- 
lar wiiidows» as also the way of Staining the ccatiei for 
the leibes in n aimple and symmetrical manneiv In^. 

1 192. the besb of formation k the equilateral tsian^ 
and three lobes ere tlie result. Those of four 
qnatrefollx J 193.}, originate firom the s^alb fldi 
tim CvsMsfons^ or bruriform {dants, Tetredynamia of Uifoseus’s mtem.eeem te be Uirit 
^pes ia^bitae, v # 

^ IWtlmaeofiielelNMbrkMl^ Uw pentagon (ifo. 1194.). tvms In the 
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ela«es PeAtsndrla, Decandria, and Tcosandna, of Lintueus. They comprise the rote, t)it 
apple, cherry, and medlar bloisomB ; those of the strawberry, the myrtle, and many otbera 
For'ciroular windows eonsUting of six lobes, and based on the hexagonal formation (fp, 
1195.), the class Hexandria seems to furnish the type, under which are found almost, 
all the bulbotis>rooted flowers, pinks, 8cc, These observations might be extended to • 

great length ; but the 
writer does not feel in* 
dined to pursue tlie 
system to the extent to 
which it has been car- 
ried by a German au- 
, thor (Metzger), who ^ 

I bases the principles of 
all pointed architecture 
on the formations of the 
mineral and vegetable 
kingdoms. In Jip. 1 196. 
the octagon is the base ; 

in ftp. 1197. the nona- 

FJg. 1197. , gon ; and in Jig. 1198. Fig. 119a 

the dodecagon. Beyond the last, the subdivision is very rarely, if ever, carried. It was 
not that all these t> pes were selected from a mere desire of assimilating to nature tiie deco- 
rations of the 13th century, but it sprung from that deep impression of the utility of 

geometrical arrangement, which sought in the vegetable 
kingdom, and elsewhere, such forms as fell in with the 
outlines adopted. Similar formations based upon the 
IlffM arrangement of squares, triangles, and polygons, are ex- 

I 1 \n Jigt. 1335. to 1339., in the latter portion of 

this chapter, as obtained from the decorations of Amiens 

f comments upon a particular Bgure in 

W window tracery, which appears to him to he very bad, 

111 and often adopted. He calls it the “ broken-backed 
cusp,” {Jig. 1199.) because it giveB the feeling that it is 
iiw. Fig. 1900. always going to break (like Jig. 1205., doorway). By it, 

the cusps are made a principal instead of an accessory; the proper way being to make a 
sub -arch at the back of the lower pair of cusps {Jig. 1200.), uiid to thicken the trefoil 
above until it looks like a piece of solid stonework, and having a real bearing on each other, 
and capable of resisting pressure. 


Few attempts have been made to point to the origin of tracery and its ramifications. 
As the spaces of window openings went on increasing, until at la.t they became gigantic, 
in several instances exceeding 40 feet, a construction of stone framework became ab^lutely 
necessary. This framework, as we find in examples of the early decorated period, was at 
first unornamented — mere pillars or muUions below, with segmental curves, crossing each 
other, to fill the arch. But by degrees these curves changed tbeir character, and assumed 
all the inBnite variety we now know under the term tracery. From great windows, this 
class of decoration descended to the minor parts of buildings ; and at last we find tliat 
light, fragile, screen-work, to Ire the great depository of this kind of knowledge. Fixed 
geometric forms, rather than mere fimey, as the foundation of composition, are ever to be 
preferred as of the utmost importance to the designer, if he wishes or intends to arrive at 


a succeitsful result.'^BilUngs, Injinitg of Geometric De$igv. 

Our limited space warns us to refrain, from the further elucidation of this subject ; but 
before quitting it, we can refer to the many illusttil^ns of the further development of 
“tracery and geometric forms,” forming a portion of the paiir- 
cirLXB OF raoroRTioK, treated hereafter, wherein examples are 
given from Westminster Abbey, Beauvais* Roueii, and other 
cathedrals. 

To aid in tbe formation of tricer 3 r a perfect knowledge of 
practical gcon^tiical <^wing is requisite; we «tborefore refer 
the reader to ^at section in Book 11. where, commencing at 
par. 10p7., he will find other more useful problems that, will 
assist him in h» designs. We append another appUcsttton of the 
problem to Inscribe a circle in agiven triangle,'* as being one 
n«. 1201. qP generally required in circular fonma end. perhaps a 

quieker method tlian those aboye described. If a five^lobed fipire b0> tfqtlirad* ea in Jig. 
1201., Obtain the triangle ABC from the five divisions, on a^base tbie B C fl A tengent 
to Che ciiclt ; bisect B C and join 4 BUect the angle A B C by a liim II t^,is»d 
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irbere it crosses tlie line A D, ss at F, will be t1»e centra of the required circle or lobe. 
A circle with the radius A F being drawn, the other centres on the lines of division, as 
A G, A H, Ac., ara readily found. 

Another usual geometrical problem in tracery work consists in dnding the centre of a 
circle placed in the bead of an arch. This has been eluci- 
dated by E. W. Tarn, in the Buildtr for 1863, p. 221. 

Let A B C in fg* 1202. be an equilateral arch, and the 
width A B be divided into three equal portions A D £ B. 

Let the arches D F and £ G be drawn with the same 
radius as those of A and B, as D H. Then it is re- 
quited to hnd the centre of the circle which bhall touch 
the four arcs. Make E I equal to Jih of E B, and with 
the centre A and radius A I draw an arc cutting the 
perpendicular or centre line of the window in K ; tlien K is the required centre, and K L 
the radius of the circle. 
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It is almost needless to observe that through the several changes of style the door- 
ways followed their several forms; our duty will, therefore, be to do little more than 
present the representations of four or 
examples to the notice of the reader. The 
Prior’s entrance at Ely (Jig. 187.) is a fine 
specimen of a highly decorated Norman 
doorway. The earlier Norman doorways 
had but little carving. They are, as in /ig, 

1203., generally placed within a semicir- 
cular arch, borne by columns recessed from 
the face of the wall, and the whole sur- 
mounted with a dripstone. In Jig, 187. it 
will be seen that the semicircular head of 
(he door is filled in level with the springing, 
and sculptured with a figure of our Saviour 
in a sitting attitude ; his right arm is raised, 
and in his left is a book. What is termed 
the vesica piscis surrounds the composition, 
wliicb is supported by an angel on each side. 

These representations are frequently met 
with in Norman doorways. Many examples 
are composed of a series of recesses, each 
spanned by semioiroular arches springing 
from square jambs, and occupied by insu- 



Fig. 1203. wrxBir cuujtou, wakwickhuikb. 


lated columns ; though sometimes the columns are wanting and the recesses run down to 
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the pllnilu Tike irclies are teiy often decorated with the fthwron, sigaag, and other Kor 
man ornaments. 

The early EngUih doorways have the same character as the wmdows of the period } ^ 
mailer onee are often recessed with columns, hom which a pointed arch is twined witt 
a out moulding on it and a dripstone over it The more important doora« however, an 
mostly in two divisions, separated by a pier column, and with foliated heads. These arc 
generally grouped under one arch, springing from clustered columns on each side, and th< 
space over the open- 
ings is ftlled in, and 
decorated with a qua- 
trefoU, as in the door- 
way to the chapter- 
house at Lichfield 
(/ig, 1204,). Sculp- 
ture often occurs in 
the arrangement The 
door to the chapel of 
St. Nicholas, at Lynn 
(Jig, 1205.), is a cu- 
rious example of tlie 
latter part of the de- 
corated period. Fig, 

1206., from Tatter- 
shall Castle, Lincoln- 

Fig. 1200. TATTKKSIULL CASTUC, colnshire, bclongS to V*S* ST. OKOUOS'B CUAPSL. 

the Florid English or perpendicular period, whose simplest doorways usually had the 
depressed or Tudor arch, and without the square head which appears in the example. The 
more ornamental ones were crocketed, and terminated with finials, as appears in the face 
of the porch at King's College Chapel, Cambridge (Jig, 1208,). The doorway at St 
George's Chapel, Windsor (Jig. 1207.), though later in date, is more simple than the last 
notwithstanding the exuberance of ornament am! tracery which had then very nearly 
.reached its meridian. 


Sect. XVI I. 

PORCHES. 

llie porch is a distinguishing feature both in ecclesipstical and domestic architecture 
throughout northerH Europe during the whole of the medieval period. In the case of the 
smaller churches it was usually attaclied to the north and south doors. When to t|ie 
north, it was generally built of stone, while the south porch was more often of timber. 
In France the porches are usually of very grand proportions and of elaborate structure. 

A Norman porch, with an upper story or parviscj a chamber which appears to have 
been variously appropriated, occurs on the north side of Southwell Minster, Nottingham- 
shire, and » arched (Rickman, p. 81.); and another at Sherborne, Dorsetshire, which 
is groined. The example at Malmesbury Abbey Church is perhaps the finest of the few 
that exist of this period. An early English porch with a cliamber remains on the north side 
of St. Cross Churchy Hampshire. The porch at Felkirk, in the West Riding of York- 
shire, of late earl)r English or early decorated date, has a roof formed of stune ribs 1 foot 
in breadth by 10 inches in depth, plain chamfered at the angles, placed about 18 inches 
apart, springing fttrni a string or impost about 4 feet from the floor. A complete illus- 
tration of this intereiting example is given in Robson, Mason's Guide, The same simple 
plan is followed in those st Bamaok^ Northamptonsliire, and at Middleton Cheney, Noith- 
amptonshire. The sodth porch at St. Mary's Ufflngdon, Berkshire, is groined. This 
feature was extensively used in this period, as at Salisbury and Wills. 

A beautiful example of a vaulted roof to a shallow porch occurs in the decorated church 
at Higham Fenrars, Northamptonshire (Rickman, p. 111., also giving a plain vai^lt with 
richly moulded door jambs at the west porch of Raunds Church, Kox^inptonsbire). 
Stone ribs are employed in the vestry or chnpel nt VTilUngham Chutch, Cembiidgeahm 
(Rickman, p. 179., derated); the chapel is 14 feet 1 inch long, and 9 feet gtodbes wide, 
as shown in Lysons* Cambri^eshire, p. 285. In this, and in the fluftowing^ periods, the 
groined roof became common, and partook of all the varied efuldlinXeiit exhibit^ in Wger 
roofs. The porches exceed in profuseness of decoration thoee of the preceding style : they 
were almost universally adopt^ ^ The eottth porch of OlOMOaster* end th# sKMith 4 ivest 
porch of Canterbury are beautiful examples. In the canodied niehek k«0u)>y the 

flront over flba doorway, front being crowned with an embattM fHuriqwl dT plnread 
panafflng, and st the quoins are turrets embattled and flnkdied with orodtated plnai^ltSy 





cm*». in. 


POUCHES. 


9»9 



KILO’S OOLLKOB CIUPKL, CAMBKIDOK. 


The ciample here given of the shallow porcli at King’s College Chapel, Cambridge 
(fig* 1208.), is bfMUtiful in design and in proportion. Ihe north porch at Beverley Minster 
rises aoinewhat higher than the aisle, the upper part forming a pareise. The door has a 
fine feathered itraight'sided canopy, 
o«er one of ogee form, both croc- 
heted. It is flanked with niches, 
buttresses, and pinnacles; the 
whole front is panelled and crowned 
with a lofty central pinnacle, hav- 
ing a niclie. An idea of it will be 
gained from the illustration given 
as a frontispiece to the present 
edition. The south porch of Leve- 
rington Church, Cambridgeshire, is 
groined, and also has carved bosses. 

Over it is a parphe 10 feet 1 inch 
wide and 14 foet 4 inches in length. 

The covering (of slabs of stone?) 
is supported by six arciied stone 
ribs, placed 2 feet 1 inch apart, and 
9 feet 5 inches span ; the rib is 4 
inches wide, 6 Indies in depth, rnd 
chamfered on the lower edge. It 
has a richly perforated stone ridge 
ornament. The section and details 
are given in Builder for 1848, p. 91, 
which also (iii. 598.) illustrates the 
south porch at North Walsham 
Church, Norfolk, which is lofty 
and open to the roof, it not having 
been divided into stories. It is a 
specimen of the mixture of flint 
with stone details. Tlie south porch of a church near Evesham, in Worcestershire ; the 
sacristy, also at Felkirk ; and the porches at the churciies of Strclly, in Nottinghamshiie ; 
of All Saints, at Stamford ; and of Arundel, in Sussex, have interesting stone roofs. 

In the case of domestic buildings, the porch, as at Wingfield Manor House, Derbyshire, 
has a story over the entrance, differing from those at Eltiiam, Croydon, Cowdray (wliich 
has an elaborate groined stone roof), and 
many others, having only one story. That 
at I’orchester Cas le hall was the whole 
height of the building, having a room 
above the entrance to the hall, which was 
elevated on a basement story, and was 
reached by a flight of steps occupying the 
tower story of the porch. At Dartington 
Manor House, Derbyshire, and at East 
Barsham, Norfolk, there are two stories 
above the entrance, an arrangement fre- 
qiiently observed in similar erections, as at 
Thorpland Hall, Norfolk, and at Eastbury 
House, Essex, erected cir. 1572. From 
the architectural prominence given to this 
feature in domestic buildings, tne designa- 
tion “ porch house** was often employed. 

So very exceptional is the use ot brickwork 
In England In mediaeval work, at any rate 
until the common brick porches, which 
were added in the 17th century, that we ^ ^ 

are Indneed'to notice one of the many examples in this material executed abroad, in Oer« 
many efpectally- The norith porch of Liibeck Cathedral (Jig* 1209*), Is described by G. 
£. Street, at ** a 1 3th oeptury addition, of two bays in depth, with groining piers of clustered 
ihaftt with sculptured oapit^, and a many-shafted doorway of the bc^ chatacter. Its 
Interior Is pn^bly mainly of stone, but the exterior is all of brink.. The archway is boldly 
inoidded, Aadabove^ b a boritoD^ arcaded corbel tabki sfeef^ up in the centre to 
tdadt ^ tile ipthle i» boldly preaded upon sha^ and has a s^ped oorliel table, 

with gdtfebkllM of moulded brieks bbovc UAept In the tiles, A couple of simple opes 
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wrolies are pierced in each side waH, and there are 6a{ pilasters at the afigles. In the 
gable, enclo^ within the arcading, are some circular openings; one of which b cuspetj 
•with small foliations formed of brick. The moulded bricks in the main arch are of twq 
kinds only, one a large boltel, the other a large hollow, and tliese arranged alternately with 
plain square-edged bricks, produce as much variety as is needful. The jamb of tlte door- 
way is of plain bricks, built with square recesses, in which detached stone shafts are placed. 
The capitals throughout are of stone, and carved with simple foliage. Perhaps no other 
example is more completely all that it should be in the use of its materials. The exterior 
is simple in all its details, yet sufficiently enriched hy their skilful arrangement to lie 
thoroughly effective ; whilst in the interior, where more adornment was naturally required, 
brick is frankly abandoned, and the richly moulded and sculptured ribs and archivolts are 
all of stone, though 1 have no doubt the vaulting and walls are, as on the outside, of brick. 
Tiie only tracery which can be properly executed in brick is in fact the simplest plaU 
tmc$ry (and even tiiis requires great skill and care in its execution), or that simple fringe 
of eusping round an opening which occurs in the porch, and which may be executed with 
ease with a single pattern of moulded brick often repeated.** Church Builder^ 1 863, p. 56. 
We have somewhat altered the arched entrance as shown in Mr. Street’s sketch, under- 
standing that this porch has been lately restored in this manner. 
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Towxas AND SPIRES. 

Europe has been considered by J. H. Parker. Tramactions of the Institute of British 
Irchitects, to be indebted to Caen and its neighbourhood for that very interesting feature, 
the Gothic spire of stone. He has also traced its history from the low pyramid of Thaon 

Church, Normandy, dating about 
the end of the 1 1th century, shown 
in fig, 1210., whereof the stones are 
left rough within and overhang one 
another, while at the base a large 
piece of timber was introduced as 
if to bind the whole together 
1211.), which has now entirely de- 
cayed. The apex has also decayed 
or been removed. The spires of 
Comornes mar Bayeux ; Basly netir 
Caen, middle of 12th century ; and 
Rosel, are of the same character, and 
are followed by those at Huppeau 
n ar Bayeux, Fhfeh is lonsiderably taller, but of about 
the same date $ Irauceltes, near Caen ; St. Loup, near 
Bayeux; St. Contest, near Caen; and Bougy, which is 
of a fine transitional character, as is that at Douvres ; the 
small square spires at the east end of St. Stephen*s at 
Caen ; and the elegant loffy octagonal spire with square 
pinnacles at Ducy, which is a Mttle earlier than the ele- 
gant western spires of St Stephen’s at Caen. On that 
building are altogether eight spires, varying in date from 
one of about the middle of the 12th century on a stair 
turret ; the two pairs of early Gothic work of the choir ; 

pinnacles of open 
each face; these 
'eter’s Church, at 
l^as the perfeeGop 
In the flat jflffet 
^ this district have 


^ to the light western spires whi 
^ work at the angles and in th^ 
date about 1230. The fine spl 
C«en, 4atea at the beginning of the 14th century, and is common 
Ufa spire 1212. 121.3.). It is octagonal, with Openings 

That of St. Sav|ui|t*t is later and not ad good. Nearly fill Iffie ^ 

iIm sur&oe pf the stone cut to imitaie shingles, a clear proof of thdir wiM^ad 
spores at Bayeut Cathedral were prooably bq|nlgJMt a^fhb'sa 
>aa those Church, which they resemble. 

nearly tha^aeiiiie date.^ * 

Of later date are the'lapires at BrettevQle, Bemidres, and 
middle of the 19th centuiy. They are all of elegant design, and ! 
iheai gto the unflnish^ ^irea or Norrey and Audx^t idosipg 
iBdni m aevpiral of thile buildings wSH bd fbund itt Britton’s ^ 
gq pisi d ert thaltbe Spbe wok ^ #iiglnf ^egfn 
tawefa, , 


a timber 
same time 
Ibumll* has one of 

coming up td tlie 
iinnsttuctian. After 

mVeiguiS^ 
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A chronological ike^cli of the gradual develupmOnt of the spire in Germany^ hao 
^ lately been attempted by W. H. Brewer, in 

y the for 1665, 

* ’ “ " to which we can here i 

only refer the reader, ' ^ 

as well aa for hi^ 

M ^ ■ transepts,allofequal 0 4 .#/t 

Wy ® Sw height. The roofs _ 

of the towers were *^‘ '’^** 

IjJL-UlJ 1 ll y of but little higher pitch than the rest. The 

frr TTT -rB nearest approach to spires, in form if not in 

heiglit, were found in the pinnacles sur- 
mounting the angle buttresses in the larger 
^ churches. During the early English period, 

' towers rise to a greater elevation, and are 
p veiy generally finished with a spire, some- 

L — I .-'"7 ' - ;:==r^ * tlmcs of great height. The most frequent 
Fig. 1S12. Fig. 1213. Spire is that called a broach when it does not 

sT. FBTKR’s AT cABK. withiu parapots, hut is carried up 

on four of its sides from the top of the square tower, the diagonal faces resting on squinchesy 
or arches thrown across the corners within, and finished on the outside in a slope, as shown 
in Jiff, 1214. of Warmington Church, Northamptonshire, which has been published in 
detail by W. Caveler. A great mgny spires consisted of wooden frames, covered with lead 
or with shingles; and these in general, as well as stone spires in a few instances, were 
connected with the tower in a dlBerent way ; the spire itself being at first only four*sided, 
and the angles being canted off a little above the base, to form the octagon. The early 
English spire, completed in 1222,^ to Old St. Paul’s Cathedral waathe highest in Europe 
being 500 feet high, according to Stow, or 489 feet as calculated by Mr. £. B. Eerrcy. 

In the decorated perii;^,^ Heckington Church, Lincolnshire, one of the most beauttftil 
and perfect models in the kingdom shows, says Rickman, a very lofty tower and spire^ 
situated at the west end (j^y. 1215.), the four pinnacles which crown the tower are 
Urge and pentagonal. This unusual sliape has, at less oost^ an effect ftilly equal to an 
octagon, and the pinnacles are without crockets, but have rich finialst the spire is plaiiu < 
with three tiers of windows on the alternate sides. The whole arrangement of this steeple*^ 
is peculiarly calculated tbr effect at a distance.** The details of this work are given U Bov** 
mai) and Crowther*s useful publication. The ^elsborately arranged mtagott at Ely l^be- 
tlie design of Al^ de Walsingham, is of tills period. The woi4r entitled Clwitto rf 
^ •Jrchdeaeonry cf NorthampioHchtrey 1649, illustrates ia small pictort^ several 

ihe fine lofty west towers and spires of this ax<d the succeeding ffyeted in that 

locality. ' 

The pe rpyo^ular wptd is distinguished by the splendour and pf - k|, towerf 

and spires. ^Tiat at ^i^ury, for example, rises to the height of i^it^J^t Thrft 
ft Norwich, rebuiR toad :i^fter 1361, is 318 feet high.. St. Miebl4*^ tpUf^ fijpMtry, 
puUt ]n73«95, is the most beautiful one in the kingdom; it dw not riie, like those at 
Salisbury and Npprioli^firom the centre of a transeptal chuseh, she ground ; and 

its fiyi^g baitreawf^ m extremely Uper form, give it great^vantage over every apiie 
which batOements. The %waeh is not in this atyWonw 

in fopnd ip 2forthaii|p|opahifei other remarkahia spirip hi 


a:atm|dee^ 
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Ibk Ryk ^ iHould name Whittleaea, in Cimd>rldgei^ire (fy. 1816.) i Httihdoti, Sn 
llortlittmptonsliire ; the two spirea erf St. Mery and 6t Alkmund, at Shrewelnirv t t augh* 
ton-en*le-Morthen, in York^ire; CfaetiMvIe-Street* in Durham; and finally, Louth, 
in LittOoilDahite, of which latter structure tiw buUding accounts are given in the Arcftisaloghf 
vol. x.y showing its completion between 1601 and 1518. 

The spire of the tower of St Kkholas Church, at Newcastle-upon-Tyne, from its pc^ 
liarity of standing on arched riba holds a high place in the series; it is the type of whieb 
there are various imitationa Tlie best known are St Gi1e8*8, at Edinburgh ; the churen 
at l..lnUthgow; the college tower at Aberdeen, and ita modern imitation by Sir C« Wrea. 
at St DunstanVin-the-l^t Church, in London. Of another class of towers of this periodi 
that of Fotheringay Church is the type. The ordinary square tower is surmounted by^ an 
oi tagonal lantern of much smaller (Umensions, connected with the tower, in composition, 



by flying buttresses from the bases of the angle pinnacles. The tower of All Saints* 
Church, at Derby, has deservedly a very high reputation (/y. 1217.). It is late in the 
style ; as is also the fine detached campanile at Evesham. The tower of Si. Peter Man- 
croft, at Norwich, Is a go^ specimen of flint building with stone panels. The most 
remarkable of the perpendicular towers, both in itself and for its influence in the ecolesi- 
astiial architecture of a large district, is that of Gloucester, erected about 1455. This noble 
tower rises above 200 feet from the ground and about 100 feet above the roof of the ebirir. 
It is surmounted by a crenellated parapet flanked by four turret-like pinnacles, all of do- 
nate open work, to the very flnUls, of a light and graceful character almost beyond the 
natural capacity of stonework. Amon^ the more important imitations of it sre St. John’s, 
at Glastonbury ; Sc Stephen’s, at Bristol ; St. Mary, at Taunton ; and t^ at North 
Petherton ; the two last are said to have bem designed by the same architect. 

Beacons were sometimes added to towers; such is the lantern of AU Saints* Pavementi 
at York, whi^ is an octagon erected upon ^ tower, Hadletgh Church, in Essei^ baam 
beacon in an Iron framework placed on the of an angle turret. 

By far the finest west firoot, comprising two towers of the perpendleulfr period* 1* cf 
UmAev Minster. What the west firoot 6f York is to the decora^ 
aerpMimeukn’# 4rith the addition, that in this front nothing but one 
hmmonimlM, (See ftontispi^,/;^. ]218.) Earii of the towers has four la^ and el^bt 
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small pi^nada^ and a vety beautiTul battlement. The whole front is panelled, and the 
buttresses vliicb have a very bold projection, are ornamented with various tiers of niche* 
work of excellent oomposition and most delicate execution. We may here incidentally 
notice that the east front is fine, but mixed with early English, which style extends to the 
transapts. while the nave and aisles are decorated, terminating with perpendicular, and 
fuiish^ with the west facade above noticed. 

In concluding this portion, we cannot withhold naming the most elaborate work on the 
subject of this section, publidied from drawings made by C. Wickes, in S vols. fol. 1853-^ 
59. Its chief drawback is that the illustrations are pictl^l and not geometric, which 
might have been obviated by a plan and section to each. Our sketch of the varieties of 
towere and spires will be found filled up, in Rev. G. A. Poole’s HUtory of EceUtiaitictU 
Architecture. 

In Ireland, the Dominican Ablicy, commonly called the Black Abbey, at Kilkenny, liad 
a tower placed on the south of the alter in a most singular way. At the Franciscan 
Church, the tower was placed at the east end of the nave, with a chancel at tite end ; the 
tower was much narrower than the nave, but exactly the width of the lofty arch support- 
ing it, so that now the roof has gone, the construction appears extremely bold and basard* 
ous. This building was one of a numerous class. Except the round towers, which 
ceased to be built when the English went to Ireland, and the low Cistercian towers, the 
Irish churches up to that period were almost towerless. In a few instances other towers 
could be named, as the fine massive one of the Trinitarian Friary, at Adare ; but sud- 
denly, in the 15th century, it became the practice to build to the Franciscan and Domin- 
ican structures these lofly and slender additions. The nave was shut out from the choir 
by two transverse walls placed close together and pierced eacii with a narrow arch ; above 
them rose the slender tower, standing as it were on the apex of the gables, instead of 
spreading over the width of the nave. They were finished with a peculiar battlemented 
parapet. There is no instance of two western towers to the mediaeval churches in Ireland ^ 
and a medisval spire is not known to exist in that country. 

In Scotland, the spires are chiefly of the middle pointed period, but not erected until 
about the middle of the 15th century. Short octagonal stone spires form a very common 
termination to towers of late date ; they generally carry small pedimental headed lights 
either on all or on the cardinal faces, and are for the most part plain, though, as at Cors- 
torphine, at Aberdeen, and at Crail, in Fifeshire, they are banded by two or three em- 
battled strings or corone into stages. Sometimes, as at the two former places, there are 
small pinnacles at the angles ; while at Corstorphine, and St. Andrew’s at Aberdeen, a 
lumpish semi -pyramidal abutment on the angles is extremely suggestive of the broach. 

The construction of the tower and spire is of such importance as to require much attention.. 
A tower built for the reception of belli intended to be rung, should have a solid founda- 
tion, not merely four arches nearly as wide as the tower itself, leaving four piers not much 
bigger than the thickness of the wall which they support. Bells require a tower to them- 
selves, for it is known that they will spoil the best clock ever fixed. In Sir C. Wren’s 
towers, and others built by his imitators, the substance of the walls was concentrated at 
the angles, leaving a moderate sized atch on each side, and only the same internal area as 
would exist in the case of four straight walls. This is sound construction, and is well 
displayed in the tower of Antwerp Cathedral Such an arrangement also admits of a 
staircase being carried up in the substance of the wall, without diminisliing strength, 
besides, a desirable object in some large towers, doing away with the necessity for but- 
tresses. The tower, if thus carried up its whole height, will be more fit to support an 
octangular or circular spire or lantern. 1*he mean internal area should be half the external 
area, and then, if well built and of good materiab, the tower will safely bear as many bells 
as can be hung on one level 

There shoiw be an offset to Support the ringing floor and the bell floor, so tlmt no 
timber be run into the wall to act as battering rams. Keiths should a bell be hung on 
cross beams resting on the walls, but always in a trussed cage. As regards sound, one 
level of bells is considered better than two tiers. It is wonderful that some of the early 
brick or stone eooes or pyramids (shown in fy, ISll.) have stood, for they were evidently 
built in level but gathering courses, even in the 1 1th century, around a light finite <»f timber, 
which was either removed or left to decay. As soon as the principle of diminution up- 
ward was acknowledge two systems of construction mresenled tbemsehes; the first is 
direct carriage' of the upper storey from the basement floor ; the other is e firise-bearing {. 
the weight l^ng, in ettber case, thrown as much as pomible dpon the angle^^en to the 
extent upon ea<£ floor of an opening In the centre of each side, whioh is tbir weakest part 
of a blank tower. In the first ease there are two varielis^ one being Hw fiytamidal roof 
square on plan ; the other being the pyrsmidal roof cm nkm. The latter, 

wbotber compleM extemsUy os o brosmh or otherwise# r«9nWb» be eorried ea loir 
4ovvn the totverlhr support esiKMmhlef and in some eeses, 4te.nl LdonatAia Fiance^ 
tbeooti^gpoQ is mote Jiwemuiiiy plocodiirUfafiStirnfgleiosor tt|^omifes of the sides of tbo 
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tower, than witli four facet over the cohiert of the tower, which then require to be loaded bj* 
piimacleti, 'Hiete are set diagonally more advantageoutly than when square with the 
tower, because they thus have a larger base* The greater height given in the middle of 
the ISth century to the spire rendered such precaution inevitable ; and at the same time 
it became evident that if the spire a*ere to l)e no longer square on plan, it must not seem 
to rise abruptly out of a square. 

Octagonal steeples, with octagonal spires not built tlirough, but resting iiptm them, seem 
to be considered now as dangerous eiperiments in construction. Yet one at Guebwilier, 
in France, is a central steeple df four stages, including the pendentives. At Schelestadt is 
another of the same kind. This plan does not seem to have been in favour after the com- 
mencement of the ISth century. 

When the French architects determined to trust their octagonal spires to the upper 
storeys of their steeples, they seem to have been careless about allowing the pendentives to 
approach points of weakness. The student will gather a good lesson on this point from 
the section of the steeple at the Abbaye de la Trinity, at Vendome, given in Viollet le 
Due's Dictionnair%. In the steeple of the cathedral at Chartres, the pendentives of the 
fKJtagon sit upon the four pinnacles, which are thus each obliged to take a part of the 
weight of the spire ; the other part being thrown upon the four faces of the octagotial 
drum, which aTe weighted by heavy gables. At the bottom the spire is 31 J in. thick, and 
at top 11| in. in a length of 156 ft 8 in., built of hard Berch^re stone. The roofs of the 
pinnacles are 19} in. thick. It is to be noticed that the danger of a fall, which was so 
imminent as to cause the destruction of the steeple at St. Denis, is atti ibuted in great part 
to the increase of weight given to it during a course of restoration, by using the stone of 
St. Pierre instead of that of Vergel4. Some French spires have a very curious effect, due 
to the presence of a simulated hip in the centre of their sides for the whole or part pf the 
height : but still more extraordinary were the slits in that of St. Denis, and the slit with 
two transoms in that of St. Nicaise, at Reims. 

The spire of the church at Langrune, near the sea-coast, north of Caen, in Normandy, 
has at its base in the interior, a sort of buttress of thin stone resting on the thicker walls 
of the tower, which runs up for a great height to each of the angles and sides of tht||pire. 
Tliey arc pierced so as to afford a free passage all round at the base of the^ire; 
and may have l>een provided to assist in strengthening it on account of its exposed position. 
It has been drawn by Rev. J. L. Petit in his Architectural Studies. 

It will be found that the stone spires of the IStk century were higli in regard to the 
rest of the steeple. The proportions at St. Denis were to 35 ; those at Chartres "are 
60 to 42 ; but in Rme these proportions were altered so much that the spires of St. Nicaise 
at Reims (end of ISth century), and those pf the fVant of the cathedral in that city, are 
scarcely half the height of the tower instead of eqtiiior superior to it. Murphy, in his 
account of the Batalhat remarks that no settled prop#4|in seems to have been observed 
in the dimensions in general ; they varied from four times the widtli of the base to eight 
times. 

As regards the jointing of the stones of which spires are composed, their secuiity 
seems to be wholly the result of an accurate working of the beds and vertical joints, and the 
adhesion of naturally good and properly applied mortar. In modern work it is question- 
able whether such aids as dowelling and cramping should be alb^ther dispensed with. 
Iron must not be used, for rearons given in on earlier portion One method 

used at present to steady and tie in the spire, is that of the insOTHtt an intermediate 
stage 4 or floor of timber framing. Sir C. Wren, when rebuilding portion of the 

(former) spire of Chicbester Cathedral which had been forced out 'pf tiie upright, placed 
two intermediate stages connected with a pendent beam of timber about SO feet in length 
attached to the finial stone ; each stage was about 3 inches less in diameter than the spire 
at their levels; these restored the spire if it departed from the upright, A similar 
pendulum, with two stages, to act in like manner, has been introduced by Gibbs in his 
spire of St Martin*a In the Fields, London. Iron rods have of later years been used to 
effect this purpose. 

When the beds of the stones are borisontal, one course of binders secured with dove- 
tailed dowels will perhaps be enou|[h in the height; but when the beds are inclined, 
or three of these courses in its height would be an effectual means of prev^iting its 
spread. It has been considered that a spire is stronger when the beds are set st right 
angles to the ftoe, but if not well set, water gets in, and sudden fiosts do much injury. It 
rs probable, however, that a large number of steeples would, were examination possil^, be 
Hound to have been well ehiunoa with timber or with metal The forrotr material appears 
to have been employed in the ebureb at Cbftteauneuf (Skone et Loire). 

The spire, built cir. 1315, of St Aldate's Chureb, Oxford, had to betaken down ki 
ttie tower ta about 56 foet high ; tiie spire, about the tame height to the weathereook, 
was for 10 feet down foom it of solid stone, similarly to that shewn in 
The eawsi of its fidlure wp that a l^-indi iron bar oou^ed at the aisles and inserled 
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the firit course of stone 7 inches thick at the base of the spire, had rusted, in some place, 
eiitirely through, bursting the stone inside and out The angle pinnacles alone sustained 
the spire for many years. 

Nearly all the spires of Normandy are said to have been executed in thin slabs ol 
stone ; they are all about 7 inches thick at the bottom, and about 4 inches thick at the 
top, and are almost all executed in the Creuilly stone. In Caen, especially, that stone 
was employed in the steeples, though it had to be brought about 12 or 14 miles. The 
joints are (probably) set at right angles to the face of the stone. The spire at Batalha 
is al)out 7 inches thick, independent of the carved work, though almost a fourth pat! 
of its superficies is perforated : its stones are said to be keyed together by means of 
dovetailed pieces of pine wood (Murphy). The slender stone ribs of the octagonal 
spire of Freiburg Cathedral are girded together at intervals of about 15 feet by means 
of double liorizontal ribs or bands of limestone ; in the middle of each of these bands 
an iron cramp is inserted, so that one half of the thickness of the metal is fixed in 
the under course of the stone- work, and tlie other half in the upper course, in order to 
prevent all thrust. The space between the rib and the horizontal bands is filled up with 
perforated tracery, so that the appearance of great lightness, united with great boldness, is 
imparted to the whole. Plate XI. of Muller's work shows a careful representation of the 
joints, explaining in what manner the stones are connected together, both in the principal 
members and the ornamental parts. The spires of Strasburg and Constance Cathedrals, 
and that of St. Stephen’s Church at Vienna, present other examples of open work spires. 
The thickness of the decorated spire to the staircase in the north tower of the west front 
of Peterborough Cathedral, is about 1 1 inches at 2 feet above the wall of the tower, 
where the octagon commences, and is about 10 feet diameter (shown in Hobson, Masons* 
Guide), The methods adopted of strengthening Salisbury spire and tower, are related by 
Price in his work published in 1 750, who states timt it is 400 feet high from the pave- 
ment to the extreme top, but to tl»e top of the capstone or ball only 387 feet as previously 
noticed. It is only 9 inches thick at the bottom, diminishing to 7 inches* 

The outline of a tower in elevation should be a parabolic curve, for strength as well as 
appearance, as it will not then present a top-heavy appearance, 'ilie difficulty im de« 
signing a tower and spire in the Roman or Italian style is to prevent a telescopic effect ; 
and in the mediaeval style the appearance of an extinguisher is too often obtained. Ti )0 
entasis to the spire, and due diminution of the tower (though the former is usually held 
not to have existed, some spires being formed of two and even three lines at different 
angles), are desirable both for appearance and strength. They are common features in 
Essex and Middlesex, and tlie absence of them may be noticed by any one going from 
Essex into Suffolk, the round towers in which county have the entasis, but not those of 
later date. The tower of All Saints’ Church, Colchester, possesses it, and diminishes 
from 21 feet to 19 feet, having internally an ofiset at each floor and at the roof, so that 
no timbers run into the walls. 

A mathematical method of setting out the entasis for a spire was furnished by Mr. 
Thomas Turner, of Hampstead, to the Builder for 1848, through the late Pr»»fessor 
Cockerell, tt.A. But as he states that the ordinates may be obtained very nearly true 
by taking a thin lath and bending it to the extent required, we do not consider it necessary 
here to do more than to refer to the paper. In the reconstruction of the spire to St. 
Stephen’s Church, at Vienna, an iron framework was introduced to support the light stone 
rib^ until near to the summit, which was made wholly of iron. 

The iron spires at Rouen, Bruxelles, and Auxerre, are the only tliree we have noted. 


CHAP. IV. 

MEDIiEVAL PROPORTION, 


Sect. I. 

EFFECT OR USE OF NUMB t US. 

Tlie introduction into this work of the investigation of the prlneiples of proportion, as 
iifOpnunded by tlie Ute £. Cresy, renders it necessary that some preliminaiy details should 
m ooQsidered, before the student pa<^scs on to those pas^. 'these details will consist of 
the fentU of the use of nomliefs, as given by the late Mr. Gwilt and appended to the pre- 
vious oditiohs, mid of the enquiry by modem investigators into tbe use of the Uriangh and 
•f tllP SfOOM duling the medieval period. The subject is Interesting, and a «erv enticing 
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one, mid we regret tliat our limited «pece wiH not allow ut to do more than merely enter 
upon It, We would warn the student that ahotild^ie fhel inclined to derote any time to 
this aiibject bimselfi he must not be content with the measurements he may usually find 
1 in publications* but roust found his theories on those taken by himself to be in any degree 
Dcitain of his deductions. 

Tile plan on which the earlier Christian churches were constructed, wrote Mr. Gwilt, 
was that of a cross : he omUted to notice* however* the Italian basilican plan and the 
domirnd Greek plan ; but ImT justly obsefni that (in western Europe) after the 10th cen- 
tury it would perhaps be difficult to fln^ a cathedi^ deviating from a cruciform plan. At 
the beginn^ of the 9th century, in an inauguration (of a 
church) sermon* the preacher observes* ** In dextro cornu 
altaris quas itt maditm cruci$ oonstructa eat ; ** and again* ** In 
medio ecclesias quas est instar crucia eotuiructa.** (Acto SS, 
Benedict.) Round churches, as at Aiz la Chapelle, in Ger* 
many, Rieux ahd MerinviUe, in France, with Little Maple- 
stead. Cambridge, Northampton, and the Temple Church, 
London, in England, are not enough in number tp alTetft the 
rule. It was in the 13th century that the termination of the 
choir was changed from a circular to a polygonal form. The 
general ordonnance of the plan was, however, not changed, 
and seems almost to have sprung from the laws and propor- 
tions upon which surfaces and solid bodies are dependent 
The square and its diagonal, the cube and its sides, appear, 
at least the latter or the side of the former (Jig. 1219.), to 
furoisii the unit on which the s}'stem is based. Hence the 
numbers 3, 5, and become the governing numbers of the 
different parts of the building. The unit in the l.,atin cross, placed at the intersection of 
the nave, gives the development of a perfect cube, according to the rules of descriptive 
geometry. Here are found the number 3, in the arms of the cross and the centre square ; 
tlie number 5, in tiie whole nitmbef of squiires, omitting the central one ; and the number 
7) counting them in each direction. The foot, however, of the cross was, in time, length- 
ened to repetitions of five and six, and even more times. In monumental churches, formed 
on such a system, Cliere necessarily arises an unity of a geometrical nature ; and the 
seomatrical principles emanating therefrom guided not only their principal, but their 
^ondary^ detail. Even before the 13th century there seems to have been some riidation 
between the number of bays into which the nave was longitudinally divided, and the 
exterior and interior divisions whereof the apsis consisted; but after tlie introduction of the 
pointed style, this relation became so intimate, that from the number of sides the apsis 
the numb^ of bays in the nave may be always predicated, where the work has been carried 
but as it was originally designed. From the ezamination of many, indeed most, of the 
churdies in Flanders, tliis circumstance had been long known to us; but for its first pub- 
licity, the antiquary is indebted, we believe, to M. Ram^e, in 1843. 

The connection of the bays of tlie nave with the terminating polygon of the choir was 
such,’ that the polygon is inscribed in a circle, whose dkmeter is the measuring unit of the 
nay^ <uid generally of the transepts, and forms always the side of the square intercepted 
hy them. It is most frequently octagonal {Jig. 1220.), and gene- 

n rally formed by three sides of the octagon. When this is used* 
tlie governing number will be found to be 8, or some multiple of 
it. In ihe Abbaye aux Hommes, at Caen (tbia, however, was 
rebuilt at end of 'l2th century), the termination of the choir is 
by a double octagon, and the number of bays in the nave is eight. 
The same occurs at St. Stephen's, at Vienna ; in the Church of 
fif. im Catherine, at Oppenheim ; at Lichfield Catbedrajli at Tewkes- 

bury Abbey, and at almost every example that is known. 

It may he well here to observe, that English cathedrals, partly from their defi- 
eieney in symmetry, on account of their not having been finished on their orig^al plans, 
do not afford that elucidation of the theory that is found in those on the Continent. In 
twenty-four instances of them we have sixteen k which the terminations are aquar$ instead 
of polygonal ; when polygonal, the rule seems to hare been always followed. It must be 
noted, however, that in contradistinetion to the rest of Europe, Enaland kept steadily, aa 
a rule, to a square east end ; and though at Canteibury and Teedi;«fottry, and a few othar 
lipted examples, tlie circular form appe^ yet often, at at Petcfboroug^ and Weitmksfof^ 
the enrvad apse was capped with a rectilinear aditito, prolfisting, as it weie, ^ 

^ fore ign diement. 

An eastern termination of the cholt In three bays may be produced foom ftie ootegoii, % 
mnittkg the ^des in the direction of tlie length of the building, as in Jig. 1281. In 
the three sides will be found to be those of mheaegon; ind in fois esse tlie mikhirf 
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governs tliepther parts. Examples of this arrangement are, the minster at Freiburg-itn« 
Hreisgau ; the cathedral at Cologne, where the apsis is do« 
decagonal, and there are six bays in 
the nave ; and the abbey at West- 
minster, where the eastern end is 
hexagonal, and there are found 
twelve bays in the nave. In re* 

Fif. isst. ^ ^ spect of a nonagonal termination, tir-im 

the most extraordinary instance of a coincidence with the above-mentioned rules occurs 
in the duumo of Milan, commenced at the end of the 14tlt century. Its apsis is ^mned 
by three sides of a nonagon, and the bays in the nare are nine in number. One third ol 
tlie arc contained under the side of an equilateral triangle seems to be tlie governing di- 
mension. The number 3, submultiple of 9, pervades the structure. There are tliree bays 
in the choir, and the like number in the transepts The vault of the nave is subtended by 
an equilateral triangle. Tiie lower principal windows are each designed in three bays 
The plan of the columns in the nave in each quarter contains three principal subdivisions, 
and, in a transverse section of the nave, the voids are just one-third of the solids. These are 
curious points, and much more worthy of investigation than many of the unimportant 
details which now-a-days so much occupy the attention of archaeologists. If the stem of 
the plant is right, the leaves and fruit will be sure to grow into their proper forms. 

Figs, 1923. and 1224. show the decagonal terminations of an apsis. In the first, a side 
of the polygon faces the east ; in the second, the angle of the polygon is on the axis of the 
church. The last case is of rare 
occurrence. Examples of it are, 
however, found in the church at 
Morienval, and in the choir of 
the dom-kirclie of Naumburg. 

'i'he first case is illustrated by 
Fif. 1223. a vatiety of examples — such are 1224 . 

the cathedrals at Reims, Rouen, Paris, Magdeburg, and Ulm, with the churches of Ste« 
Elisabeth ut Mai burg, that at St Quentin, &c., and, in this country, tire cathedral at Peter- 
borough ; all of which have either five or ten bays in the nave. The dodecagon, as a 
termination, ij subject to the same observations as the hexagon : indeed they were antici- 
pated by the mention of the cathedral at Cologne. Under the figure of tlie heptagon must 
be classed the magnificent cathedral of Amiens, wherein seven chafiels radiate round the choir 
end, and there are as many bays in tlie nave (fg. 237.). The choir at Beauvais is terminated 
by a double heptagon j and, had the church been completed, it would doubtless h|ive had 
seven or fourteen Iwys in the nave. At Chartres, the choir is also terminated by a double 
heptagon, and the nave contains seven bays. In the duomo at Florence, the eastern 
termination is octagonal, and there are four bays in the nave; this is an example of the 
expiring Gothic style in Italy. 

On an examination of the principal churches on the Continent, in and after the 13tli 
century, it would appear that the practice of regulating the details was dependent on the 
Inumber of sides in the apsis, or of bays in the nave. Thus, if the choir is terminated by 
three bays, formed on an octagonal plan, we find 3, or a multiple of it, is carried inta |fie 
subdivision of the windows. So, if the number 5 is the dominant of the a|isii, that 
uuinlier will be found transferred to the divisions of the windows ; and in like mamter the 
remainder is produced. There are two or three other matters affecting the monuments of 
art erected in and after the 13ih century. The aUles are usually half the width of tlie 
nave, though instances occur where the width is equal Many churches have two apsides^ 
such are the cathedrals at Nevers, and at St. Cyr ; and in Germany, St. Sebald at Nurem- 
berg ; the dom-kirche at Mayence ; the abbey church at Laach ; the cathedrals of Bam- 
berg, Worm*, and others. So far Mr. Gwilt. 

** It rematii* to observe,** writes Professor Cockerell, in the Archstohgicdl JottmtU, 1845 
** upon the mysterious nufkbsrs employed by Wykeham in the plans of his chapels at Win- 
elteiter and Oxford which are divided longitudinally by 7, and transversely by 4, equal 
parts, in the first, the chapel consists of 6 of these parts, and the ante-oha]^) of 1 ; in 
the second, tlie chapel consists of 5, and the ante-chapel of 2 ; the width being equal to 
4^ ednresppnding with the entire figure of the eettra pitcii,** 

*nie reeurreuee of the number 7, ** a number of perfection,^ is constant ; accordingly we 
find it in the following remarkable mstanoes, sometimes in ^e nave, and some- 

times in the elioir> In the cathedrals of Vork, Westminster, Exeter, Bristol Durham, 
I^i^field, Paiib Amiens, Chartres, and Evreux ; in tlie chuiehes of Romsey, Waltham, 
BtiUdwas, St Alban's (Norman poTtionV and Castle Aere} and in St. George's Chapel 
Windsos, Chapel and many others. See also the notiec on page 101 1. 







1006 


PRACTICE OF AECHITECTURK. 


IJ4 


beet. II. 

Vfl OV QttiMBTET AV^iOF A XIAIUXS. 

I'he ic^p If now genoraUy that in«^a»val arohitfeta hail ioi^ie settled 

■ystem h( ptoporltcming tliciv deaif||i.«ltber ^ gaotnetrie forms or by eombinotioos 
t>f thsai* It will be our ondtiafioiir foladioate tbooOAirces wheneO th« facts on tbU oubjaot 
oan be d^wn, «Qd to tifesIWof 0ke 4e^s in 9m sp»ee will permit 

The knowledge ofgpo^try ^evious to, eodi%^ 1 2th century lias been oommented 
v{^ ioper. Ibe of Wibmi4i Hooecort ae architect living la tbe 

middle of the ISth eOirtury* ^0>d>iliito the uae'of geomcOUry in vanouft ways. This manu# 
Ksiptwas ptiblisbed In Iheuiiilp by M. ^fmme in ^md an Enj^Hsb ttanslation «as 
edited by '^ofessor WRlis $ ]^9« The alaatolies alsd^ ^ow a eertain ma«tetihlp of figure 
drawings bendes many deifigna of poetions of boildings. Some ori^nal drawings OliU exi^t 
of Reinp Cathedral* known to be bolore 3970^ thus of the same period as those cX W»lars» 
and two of them have been y»ublished in the AHnnhs ArcliSoioffiqMei, vol v. page 92, The 
drawings were traced with a« masterly line; they only showed how tjie design was tO be 
arranged | ^d hy means of tbnal Lnet onfy^ the whole was set out aa^^ularly as Ooidd b# 
done for ^ most ldasuc|d building. SeaTtely any of the kter original drsewinga still 
existiog ift many eon|liaen|id eitiei j)mw the use of geometilo figures {stefy. 1073. % Yet, 
ontbe Htli of February* 1321, during the erecdoii of the cathedral at Siena* five gersons 
^ who bed l>een a^giointed ^ tbe purpose reported that ** the new work ought not to be gro- 
ieeded with any furlber, bmute if jeampl^dLas it bad been begun, it would rot bare that 
measure ualep^, breadth; imd hiight, wbieb tbe rules for a church requira>’* Tbe old 
structugl, k also appears* ^ was so justly ptaportlWd, and its members so well agreed with 
other In brdh^jth*. Ipngth, and height, wat n many part an addition were made to Ik 
under the preteftea eff brinipng k to the right measure of a church, the whole would be 
dettra^ed.** DeHa Valle, Lkikre SemetU iL p, 60 ; noticed in Hawkins, GtAkk Archie 
Jcdgai, lft|3* p. l1^4^temeitt would* seem to prove that siane system had existed, 
in pihr* pie have abeady mentioned the disputes on tbe great question of proper* 
tloning the eetliedpfi&at Afilan, 1337-1592, by the foreign system of njuarta, or by the 
oattve theory of triangUe. Tlie ^first notice in England of tins unique instance of a 
dispute appears to have been taken by J. W. Papwortb, who presented in 1854 to the 
Institute of British Architects sonle extracts from the Records of the Board of Works for 
Milan Cathedral. pnbUihcd by Ctolini, Memorie di Milano^ 4to. Milan 1 776, part 2, pp, 
443-6(f of the CfuliKVMialeMc. These tiiotes further condensed ehow, tblpl on the 1st of May, 
1392, fourteen of the artists employed upon tiie works made sifiidavit of their opinion on ten 
poinfii sabmilted to them, on* tiie part Of tbe German Enrico di Gamondia, who was one 
of tile numbar. On gleibird point, thirteen declared that tbe sfiid church, not including 
llte Iw tfi pd od eiqipla, should be raised non al qeadrnto Jim ei triangoh, that is to say, 
on the teiiiPgite ptopprtioiK The same opinion, is given on tlie fifth point as to the vers^ 
s'me ofi^viHilStilng. Ennep, who on all the piiintB held a eoutrary opinion to tbe thirteeni 
was thfrenpOAdismitscd. Another meeting of similar character, held 26tli of Maich* 1 40U 
of tbirtedn artisHi employed on tbe building, and two amateurs, was not so nearly ummi* 
moup upon the question of the alterations proposed by the Frei^vnan Giovanni Mignotto* 
and upon that oetaaion Guidolo della Croce (one of thoae employed) declared that the 
plterstioiSi were eonreet, and that Migootto waa a verut operariue geometrch because hip 
ratioa were like thoee of tbe dismissed niswfitro Enrico. The dismissal of this Jean Mignot, 
1.5th vofGctoHer, 1401, was oecomptnied by a oliarge for the expense of pul^g down the 
work that he had erected during two yeam. Although tlie chronicle makes curioua 
mistake that tlie magister Enticua and the magieter Annex (It, Johann von Fbrjieidi, 
1391*^2), alio a German, hadadvoepted the iriangmiar system, it rightly wlds tbte the 
trianguUr pyiflbm prevailed over that of tlie squ|re; and tin lines may be purposed |o have 
been truly ^ven by Cepare CessHano The conclusion wa liave arrived at ^ tbp mattei; 

. is that the plan was designed on tbe^rlnciple oi t|ip jpaare (exhibited ih fy* 1221,), whke 
the elevation was desilm^^oa that of tbe trfovpfo^litewn IxkJIg* 12S2«), t 

Cesare Cesariano, the nrst tmnalator of VUrmi^e, Como, lS2l,^tefliis the geMn^ria 
principle of design, ^ Gannaolo symmetry,** aikl «Mle of the Germsn arebkeots.* 
who translated litis woefc (Hur, 1.548 ), names tbeaPdar veaulting from the 
highest and moft dMngv^htmd principle atonpiiiyiecms,** Okie 
the armugilxMiil oCfrm e^firare, mref tbe octeiiteudiiA meee^ 
that of timafslbitefalfrtafvfrmplltesed upon dlw dodeoagaii^iltb^ 

from it iOii Ibis law of the syuate ta founded the woA by IC Eorieesr* 

Mihm 0/Mmmtm N3fi» whkh was printed by HeqMoft, in Dk MntMk JiMWimi 
in Heeted^aiid; Xbidmbeig, 1844} and also by iUidwupevger/wbo tiifiippteA.fo bdj| 
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modern, German. Trier, 1845. It wea noticed in ttte of the ArohaoJoglcai Institute 

of Great Britain, 1847 j and translated in a concise manner by J. W. Fapworth fbr the 
Aichitectural Publication Society, Detached E$my^ 1848, wkh woodcuts. Ah appendix 
follows On tJkn Construction of a Canopy^ which n^as also given in Heid«loff*a pul>Ii<»tion. 

The tquart^ or octagon system* maintained itself among tbe Oeeman stonemasons until 
the commencement of the 1 9th century. Heidelotf relates that the €hefd*auvre of K^eskalr, 
tbe last city architect of Nuremberg (1806), was founded on tl»c rules used hi Roricser; 
and those in the book of instructions written 1506 by I^aurenE Looher, architect of tiie 
Count Palatine, on the art of ilie stonemasoai, uach d§s C^toremaan md Geni$htiiffi€*t, 
* according to the measure and ordination of (he ohoiit/* ^ 

“ I'be system depending on the equilateral triangle for its variety of form,** states E. 
Cresy, Stone Church, 1 840, continued in use till the beginning ot‘ the I5tb century in 
France, when it underwent a great and imiJortant change Vy the introduction of the 
isosceles triangle and its compound the pentagon. A pupil of Berneval, the designer 
of thb Church of St Ouen at Rouen, proved that these 6gi4res could furmsli novelties in 
design. We can well imagine how displeasing this innovation must have been to the whole 
fraternity of masons ; their mystery was invaded.*^ Pomroeraye, in his History of the Ahl>ey 
of St. Ouen, mentions timt the master was so incensed at the clergy preferring the rose 
window of the |iorthejfn transept {fiy, 1298.) executed by his pupil, where this innovation 
was grit inti^uced, to that of the south {Jig, 1288.), of his own execution, upon the 
ancient triangular system, that in a fit of jeidousy he killed iiis rival, and was himself 
condemned to be hanged. (See page 1036.) 

In the year 1525, Albert Duerer published in German his Geometrical Elements, showing 
therein clustered columns, and a few other details of Gothic architecture. In 1532 a 
Catin edition was published at Paris, entitled Albertus Durerus, Institution am Geometric 
carum ; and in 1606 a second edition was printed at Arnheim. It lathis author who first 
brings to our notice the use of a figure called the cestca piecie, wiiich is explained in 
Sect. Ill, In 1589 Spenser published: his Faery Qvasne, and in it allusion is made to the 
proportion o^ a building in words whic^ deserve attention (b. % cafito 9, v. 21). In 1593 
Sir Thomas Tresliam erected the curious lodge at Hushton Hall, Northamptoifshire, 
entirely constructed on the equilateral triangle; it contains one room of an hexugoual 
form ; the upper windows are mostly triangular openings (Bidlder, iii, 538. 550.). 

Stieglitz, in AltdeuUcher Baukunei, 4to. Leipxig, 1820*^ records tlie possession of a manu- 
script Treatise on Architecture, giving tlie rules and instructions according to which the 
ancient werkmeieters and steinmetzen worked. Judging from the character of the hand* 
writing, it must belong to the middle of the 17th eentury, and this is also indicated by the 
drawings which exhibit the Italian style of that epoch. But the rules for the constructron 
of churclies belong to a more remote period, and tbe aiithor of the manuscript states that 
these rules were never described, but were transferred in a traditional way to. and kept 
the artists, who called them, like the ancients, Measure of tbe Choir and Justice.'^ It 
seems to be tlie on{y weritteo directions for a building which has ooine down to us. Tlie 
drawings in it, which are only shaded, are finely executed by a steady and piactised tptnd 
They show the formation of the several cornices, mouldings, jambs for doors and windows, 
plinths, and arches, and also tbe formation and the arches ^ tlie vaulting. Tlie building it 
proved to have strict rules and an established module, according to wbicli all tfie members 
sre regulated by the ensemble of the structure, and the whole is again regulated by the 
meml^s. Tlid choir is considered as the key, and a'ter its breadth is regulated, the thick- 
ness of tlie enclosure- wall, and also all tlie dimensions for the cornices and other members 
are obtained. Thence the saying, ** Measure of the Choir and Justice." 

At first, from a given circle an octagon is to bo constructed, and according to if, the 
gfound-plan and the pentagonal projection of the choir are to be d«.vised. ^loald the 
^oir contain SO feet in the clear, its wall would be 2 feet thick ; and if 80 feet wide, then 
The pillars of the choir are commonly 2j feet thick at their base, exclusive of the 
ground table ^eehrdgesime), and the depth is double of the thickness. The width of the 
^ndnw%is regulated by the space between the columns, which is divided into 5 fikta: S are 
ghren to the window in the clear, together with the mullions. If the choir be very exten- 
idvet and therefore the lights of the window# be too wide, in such case intermediate mullions 
are introduced; but small windows bave ^nly one main or two subsi^ry tnulUons. 

navaand aisles are regulated after the manner of the cboir, ^ing made equal to it 
in width* yet in such a manner that the pillars, although equal in thiokneas to the wall of 
tbe aboir, do not run in the same line of the opening, but project with three sides of their 
aatigon|| form. The breadth of Uie ciiotr being divided into 8 equid parts. 2 to be 
Ipren to each atalov Induding the wall of the dfodr. The sstme dimensfou of twoahch parts 
ik^Ued to tbo piUars from one oOntre to the other, wbidfut ibowo at tlm same time tlie 
4paet tat tbo buttr#a«it on the eDii}lo8ur%wa]i. As, in eoneequOnee of fbo idsltiiv the naye 
fortibii loguhtel o irider vaulting than tbe choir, the enclosttro-waU of thO w* ought to 
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constructed one third thicker than that of the dioir. The buttresses are the ssnoe in 
tliickness and breadth as for the choir. The windows are kept of the same width throughout 
the whole structure. The transept projects as far as the breadth of the a'sles. and its wall 
has the same thickness as the wall of the choir. The length of the church is for t..e most 
part regulated according to the requirements of the population. 

The towers, erected on boRi sides of the fa^de, are devised from the width of the bner 
shafts and exterudl pillars, which width formed into a square gives the external enclosure- 
line of the towers. If only a single tower be constructed, it ought to be regulated after 
die choir, and agree with the same. The thickness of the tower- wall is regulated by the 
height of the tower itself. Tims for every iCX) leet of height, 5 feet in tliickness is re- 
quired for the wall. Then, to this thickness one half more is to be given ior the founda- 
tion. But if the ground be him and good, this thickness need only be kept as far as the 
base, and thence gradually reduced, llie formation of the groining is not so clearly 
developed hy the editor, and we tlierefore omit it. 

Tlie outline and elevation of the choir are also calculated from its width. A choir 
which is 20 feet broad, ought to be one and a half or twice as liigh. The latter height 
was called the real height. An ordinary choir requires only four tables or strings. The 
ground table (seAr^fsims) rises from the floor or ground to a height equal to the thickness 
of the counterforts. The string course {kaffalms) above is placed as high as the distance 
between the pillars. The supporting string (trayesims) ought not to rise higher than the 
capital of the pillars in the interior of the choir. The top, or roof-cornice (dachainih) 
ought to be placed at least half a foot higher than tiie vaulting. The pillar-cornice is 
measured hy taking the thickness oflethe pillars twice down from the top cornice. A choir 
of greater height requires more cornices and decorations. The height of the nave portion in 
fixed hy taking twice the width of the choir, and this is measured from the ground-table to 
above the top -cornice. The ground floor of the tower ought to be as high as the whole 
tower is broad, and the upper floors to b#|||^lated accordingly. We have only to add 
that the form given to the towers by the uuthhiV the MS. shows the Italian style of his 
epoch, whilst the church itself is constructed inl|^rnian fashion, that is, with high pointed- 
arched windows and buttresses, which are drawil^ithout any mouldings. 



Skct. III. 

Till vesica FJSCIS. 

If on the diameter of a circle {fg. 1225.), with an axis perpendicular to it, an equilateral 
triangle be described, whose vertical height shall be equal to the 
semi-diameter of such circle, and fiom the angles of the triangle on 
the diameter, with a radius equal to one side of the triangle, arcs of 
circles be described cutting each other superiorly and inferiorly, the 
figure described is that which is called tlie vesica ptacie, or flsirs 
bladder. 

The Greek word tx^vs, signifying a fish, seems to have been in early 
ages a mystical word, under which Christ was denominated, ** £o quod 
Fig. im hujus mortalitatis ahysso, velut in aquarum profundttate, sine 

peccato esse potuerit, quemadmodum nihil salsedinis a inarinis aquis pisci affricatur ; ** 
that is, Because in the unfathonied deep of this mortal life he could exist without sin, even 
as a flsli in the depths of the sea is not affected by its saltness. The term, too, at a very 
early period, furnished an anagram, whose paits were expanded into the expression, 
*lr}<rovs Xpiarhs 0€ou Tibs The initials of these words were, in their turn, ex- 

panded into a long acrostic (to which reference may be had, Mub voce Acroitichia, and also 
under the term Ichihya^ in HofRnann*s incomparable Lexicon) on the Day of Judgment, 
said to have been delivered, divino affiutu^ by the Erythrean sybil, but much more resem- 
bling the hard-spun verses of a learned and laborious man than the extemporaneous eflbsiona 
of a mad woman. This acrostic is reoo^iaed by Eusebius, and by St. Augustine, Civ, DeL^ 
&C. There is nothing, declared Mr. Gwilt, to afford any jmof of the connection of this mo- 
pojgram with the form and plan of the churches erected ‘ibfring the medieval period of the 
art Apology, perhaps, would be due for any digressioif ^pon it, bad it not l>et*n fur en 
opinion in favour of its use expressed by the late Professor C R* Cockerell, whose talents 
and learning deservedly ranked high in the eyes of the public, iU his essay on the Archkvctwn^ 
Warka of WiUiam of IFykeham, read 1845, Wore the Arcbvdogical Institute of Great 
Britain and Ireland, l^m^e, in his Hhtoiro, has also gone more at length into this sub- 
ject. Profetsdr Cockerell likewise noticed that the writers of the 16tb eentury, Cesariaiio 
1521, Caporali 152fl, and De Lorme 1576, recommend this figure, chiefly asibat geometrical 
rule by i^ch ^ two lines may be drawn on the ground at right angles with each other ia 
any scale, aecording to the conception of Euclid’s mind.** . ^ ! 
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Frtim «n etily time the triangh seems to have been associated with as much mystery and 
veneration as tlie number 3. Without here touciting on symbolisroi in its use, whether 
equilateral or isosceles — we cannot but perceive, botli in one snd the other, a tendency to 
the production of the pointed arch. I'he geometrical law for de- 
scribing it is, as every one knows, founded on the intersection of 
two circles of the same radius (/Ip. 1226.) Tlie Pythagoreans 
called the equilateral triangle, Tritogeneia. It was, according to 
Plutarch, the symlrol of justice. The subdivision of the arcs 
bounding an equilateral triangle by other arcs of equal radius, 
gives other modifications of the pointed arch, and by their inter- 
sections are obtained the skeleton lines of ornamented windows of 
an early period, which, at a later date, branched out into the most 
luxuriant forms. Mrs Jameson, in Sacr€>d and Legendary Art^ 3rd edition, 1857, vol. i, 
p. 93, gives a drawing from an ancient Greek picture, wherein the upper ])art of the re- 
presentation of the Infant Christ is placed iii a figure formed of four equilateral triangles 
(which produce the dodecagon). The head of the infant may be supposed to occupy in the 
cUagram the site of a chancel, the body in the place of a nave, and the hands, being held 
forth, assume the place of the transepts. 


Sect. IV. 

MODERX INVESTIGATIONS. 

Among the investigators early in the present century was C. L. Stieglitz, who pub- 
lished his AUdeuUchen BauhnnsU 1820, as already mentioned. Therein he states ** with 
regard to the ground-plans of cliurches, it seems, jthat two sorts have been employed. With 
the first, the nave of the church was in breadth equal to that of each of the aisles. With 
the second, if, for instance, such a breadth be taken as an unit, the bnadth of the nave 
would be the diagonal line of the square, and the breadth of each aisle an unit. The 
length of the interior of the churches of these two sorts, measured from the entrance to 
the choir, contains usually nine units Tiie church of St. Stephen, at Vienna, is an illustra- 
tion of the first system ; and the Munster at Strassburg of tlie second, 'i'he cathedral at 
Cologne is a variety of the first plan. In this instance the nave is the breadth of its aisle, 
but each aisle is divided into two by a row of columns in the middle. The fore-pat t of 
the cliurch has usually tliree diagonals of the square for its breadth, wherefrom the unit, 
should it be unknown, can easily be deduced. According to this principle, if the whol^ 
inner breadth of the church be considered as the root of a square, the diagonal of the same 
will be equal to the whole breadth of the front on the outside. r. 

In the first sort of plan, the nave of the church is raised either to on equal height with 
the aisles or a little higher. In the second, however, the nave is constructed far higher. 
Owing to the first disposition, both the nave and the aisles are brought under a single roof, 
as in St. Stephen’s at Vienna. In those of the second sort, the nave and the choir (which 
was equal in breadth to the nave) had each, as well as the aisles, a separate roof. 'I'he 
wall of the nave and of the choir, bn account of its small thickness, comparatively with its 
height, required some support at the sides, and this was provided for by arched counter- 
forts or flying buttresses from the enclosure- wall of the aisles. The caihedral at Cologne 
shows a similar disposition, although the nave is equal in breadth to one of the aisles, 
wherefore the aisles are divided into two rows by pillars, for the purpose of giving to this 
portion of the vault (when it will be finished), on account of its smaller arciiing, a less 
height than the one intended for the vault of the nave and of the choir. The ground plan 
of this coths^l is a Latin cross. The aisles surround the choir, which rises high above 
them, and therefore the enclosure-wall of the choir is connected with the pillars of the 
outer wall by means of arched buttresses. According to Boecker’s observations, the 
number 7, oonseorated by religion and philosophy, is applied all over the parts of this 
odiflee, tuA only in the measures of length, in the proportions of height, in the pillars of the 
^ve, as well as in those of the chmr* but also in the decorations and details.** 

The inner height of the olmir is stated to be 161 feet; the height to the gable, corre- 
sponding to the entire width of the west front, is 231 feet ; the (proposed) height of the 
towers is equal to the entire length of the building, 5S2 feet ; the height of the side aisles 
70 feet, and so forth. In a similar manner, at the entrances on either side, are pedestals 
for seven statues ; in each of the entrances as many spaces for stotues; there are 14 corner 
tabernacles on the southern tower ; and with attention, the same combination may be 
traced in all the details. Twenty years appear to have elapsed* and then HoflTstadt pub- 
Ushed the Ooikitioh$i ABC Bvekf Frankfort, 1840, which e^iem fully into the formation of 
details by a^'geomatrio system. . 

In England^ the subject was not tboroiij^fy taken up until 184Q* when R. W. Billings 



Fig. 1226. 
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ittriag the Normaa period, no intricate figures were used for . regulating the proportiom 

of the various parts of buildings. He exhibits the early simpUoity of propow 

^ tion, in the elevation of a compartinent of the Norman nave of Gloucef^ter 

1 «quH^^ Cathedral, as in the annexed ^.9. 1227. Something of the same sort of equality 
may be perceived at Winchester Cathedral, as shown in Jig, 1266., irhere tlie 

■ . width K h gives the heiglits 1. M and M N ; the diagonal of tliis square gives 

I'iqusr? the height L O ; and O P is a square in height ; but we are at a loss to regulate 

the upper part, unless the triangle be used, when P Q will give the upper point 

. R» tbe centre of the head of the semicircular window. 

^ In the projection of the plans of the nave and cltoir of Carlisle Cathedral ( fig, 

1228.). the architect, says Mr. Billings, was guided by the repetition of a cirvU 
whose diameter in the first or Nurman part was the extreme width of the build** 
if Mum second part, erected 200 years subsequently, it was the width 

between the internal wails. Tl'.e distribution and even the substance of thq 
columns was regulated by some recognisable subdivision of the circle ; and a 

circle, or arc of a circle regulated by the width eacli compartment thus 

naltST. formed, was the basis upon which the heights of the dilTerent portions ol 
the interior were framed. The woodcMit must suffice to show this principle as regards the 

plan. The precise divi- 
sions will not probably 
answer in any other build* 
onq ing, but must be inoditieA 

r 

perceived, is included 
/UfuSiL n I the boundary lines; 

]j I this is also the case at the 
Temple Church, London, 
From the result of calcu- 
lations, the scale for the 
choir was made 8 parts of 
the radius of the principal 
CHOIR circle, or ^gth of the dia- 

^ ■* ™ meter ; this sixteenth part 

' — ' — ^ ^ is equal to 4 feet 6 inches 
Fiff. 1238. TLAS or CAUUBLS CATUicottAL. ^or & yard and a half), 

and the dimensions of the building may be c<<lculated therefrom. In the nave, the piers 
are exactly 5 feet 8 inches, or ^ th of the diameter, and it was this exact division, states 
Mr. Billings, which induced the application of the scale of twelve parts to the diagram 
pf that end of the building. 

In every portion of the elevation of a compartment of 

the choir (Jg. 1229 ), there is evidence of its geometric 
forn;atiun. The student must have recourse to the pul)** 
lication itself for the further detailed development of the 
system in connection with tliis figure, but it is necessary 
to state that from the dimensions of the arch Mr. Billings 
divided the width between the centres of the piers into Q 
paits for a scale ; this gives all the remaining proportions. 
The sanne scale of 6 parts of the width was applied by 
Mr. Billings to a bay of the presbytery of the choir at 
Worcester, and finding it satisfactory, though totally at 
, variance in its proporti.ms, with the exception of* the 
principal arch, it was considered as confirmatory of th^ 
theory. These two examples are of nearly the sauvq 
period in the style. ^ ^ 

In 1846 Mr. Billings published his Arehit 9 ctural An» 
tiqviiieM of the Countg gf Dtifham, an^ in collecting th^ 
measprements of its churches he was led to compare their 
1 proportions. The result is givcp by him in two tables, 
^ proving a groundwork of sqaorei, #nd this he stat^f 
** would at once account for tlie pon-existence of ancient 
working dniwings, for the designer would only have to 
p » rp. jMe communicate a rough diagram ^ nis plan, bounded by 
-TV. jgjjgg of equal squares, and give the dimensions of ooe^ 
tie.iSN. aatoro^i c a m l uls . ^ ^ properly understood by a, practical ixMtn. Mos^ 
iingitlafly, the measure is in each case one square yard (as above noticed). No less than 
six of the ohanleels are 15 feet ; three otbeci are 18 feet 1 and three of 21 fe^. At Houi^ 
tan, the widths^yf the chancel, of the transept, and tlm diatance betwera the cohimna of thf 
nava. are all 1.5 feet.* 



tialMa. a4taroiioi*i camluls. 
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Th« IfiTestififator wai the late Prof. Cockerell, B. A., who, In h!s essay beihre noticed 

(•pages 1007, 1010), considers that Cesare Cesariano <<raay be said to have done to a "reat 
extent in that style what Vitru\ius did in the Greek, namely, in discovering many of - its 
fundamental doctrines and principles. More especially does he reveal the estimation in 
which Vitruvius was held during the middle ages ; and the interpretations of his rules 
attempted by the architects and commentators ot tliat period ” Thus, the church in the 
Castle of Nurembiirg, built by Barbarossa in 1158, and the Frauenkirche, probably of later 
date, in the centre of that city, are exact illustrations of ihe temple “in Antis’* of 
Vitruvius, as given by Cesariano, lib. iii. fol. 52. The use of the work of Vitruvius, about 
1284, is also recorded in Galinni’s edition of the author, by an amusing story connected 
with the building of the Castel Nuovo at Naples. 

“ It is needless to produce any further proofs of resemblance,** writes J. S Hawkins, in 
bis Iftstory of the Origin of Gothic A rdiitecturt^ 1813, p. 223, “than to say that, in every 
Gothic cathedral as yet known, the extent from north to south of the two transepts, in- 
duding the width ot the choir, if divided into ten. as Vitruvius directs (for Tuscan build* 
ings, lib. iv. cap. 7), would exactly give the distribution of the whole. Three arches form 
the north and three the south transept ; the other four give the breadth from one transept 
to the othei. One division of the four being taken for each of the side aisles of the nave, 
tend two left for its centre walls, the complete distribution of the nave is also given. Of 
tbe proportion of one-third of the whole width as the height of the columns, the cathedral 
of Milan is a decided instance. 'I'he two transepts together are 1 10 cubits, the breadth of 
the choir 28, making together 138 ; and the height of the columns is 4h cubits.** 

The rules named by Cesariano occur in bis Commentary^ fols xiv. and xv., and he 
illustrates them by the plan and section, of Milan Cathedral, which was commenced in 1386. 
The figures are entitled “ id inograpbia,” — orthographia,** — “ sccno- 


grapbia,** — “ sacra ,dEdis Bancepbala, Germanico more, a Trigono ac 
Fariqiiadrato perstructa,** and, “secundum Germanicam s) mmetriam,** 
and again, “ per symmetri® quantitatem ordinariam ac per operis, de- 
oorationem ostendere, Gennanico more,*^ &c. 

The first rule, “a 'rrigono,*' establishes the respective proportions 
of the length and breadth of the cross, which are included within the 
two arcs of 102°, constructed according to the first proposition of Euclid. 



The 1230. has been commented upon (page 1010) as involving the i 23 qc 


vtsiea fnscis Mr. Cockerell continues liis remarks by 


noticing Mr. Kerrich’s paper in the Arch<Bologiay xix. 
p. 353~-61, wherein that author uses the figure but 
does not confess liis debt. In all the examples given 
by him the vesica is applied to the internal length 
and breadth. 

riie second rule, “ a Pariquadrato,** is efTectedby di- 
viding the area comprehended in the vesicay into com- 
mensurate squares or bays, on the intersections of which 
the columns and buttresses are placed. The number 
pf them will be determined by the extent of the 
plan. Fig. 1230. represents the illustration of the rule 
in which 14 by 8 are used ; in the chapels of Wykeham 
we have 7 by 4. The plan, Ftg. 1231., explains the 
determination (by the symbol of the vesica pisets) of 
^e length and breadth of a church ; the subdivision 
into squares, the position of its piers. &c. Fig. 1232. 
explains the rule by which the heights of the vaulting, 
the roof, the spire, &c., are determined, namely, by 
equilateral triungUs erected upon the plan. The 
woodcut exhibits both a single and a double aisled 
church. 

This important fundamental rule will be found 
to be applicable to cathedrals in England, as at 
York, Winchester, Worcester, Lichfield, Here- 
ford, Salisbury, Norwich, Exeter, Westminster, 
Bomsey, and others ; in Italy, in the church ^ 

of San Petronio at Bolopia, and in most ot tlio 
works of the architects Lombardi, as San Zac- 




••ria and San Salvatore, at Venice ; in France, 

in the cathedral at Bouen,and in others: and in Germany, in those at Prague, and others. 
But it is to be noti^ continues Profewior Cockerell, that another rule of distribution (not 
dilOOTCrMl) i, ww in the Utter oountriee. 

Tht third rule» aleo a Trigono,** ts orthographic, ond establishes the normal heights m 
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fbe tnd ledtion's by equilateral iriunghn, according to Cesariano. fol. 15. “ The 

application of the first and second rules in New College 
Chapel is exact ; the whole and the parts are commen- 
surate, its well in the bays or squares as in the subdivi- 
sion of the bays oF the windows ; of the flanks, as also 
of the west end. While in All Souls* and Mag^lene 
Chapels, the two copies of the former, tlie divergences are 
extreme. F/p. 1233. is the plan and its subdivisions of 
New College Chapel, Oxford. 'I'o our author*8 own work 
we must refer the student for the apt remarks and com- 
parison of the three plans, merely adding that the first 
is three diameters long, while the other two are less than 
three diaineterK, by which Professor Cockerell appre- 
hends that the rule had been lost, or was disregarded, al. 
though Chichele’s chapel was built by “ the King’s 
masons.** The chapel at Winchester is upon the same 
principle, the number 7 including the vestibule, which 
only occupies one of the divisions instead of two, as at 
New College ; the relation of three diameters is obtained 
without making the diagram, as in New College Chapel, 
ineluMve of the walls. 

“ The application of the third, the orthographic rule, 
is not traced so distinctly in the elevations and interior 
Pif. 1233. ri.AN 5 NEu^ COLLEGE ciupkl; Collcge Chapcl, though more exactly in that 

of Winchester, and we also perceive the value of the 
principle of the extension of these squares laterally, for the purpose of establishing the 
height of the ceiling, and of the pinnacles in the east and west fronts.” 

The next exponent of this instructive subject was R. D. Chantrell, who in 1847 read a 
paper on the Geometric ayetem^ before the Institute of British Architects. It was printed, 
with cuts of the two chief keys of the system, in the Builder for the same year. He first 
refers to Mr. Kerrich’s use of the tenicu p/sm, explaining it, as in fiy. 1234, Where thf 




Fig. 1254. 1255. Hf. 1236. 


chancel is separated by an arch, the plan is subdivided by taking the breadth as radius 
(fig. 1235.), as at Routh Church, near Beverley, the rcjica coming sometimes within the 
wails and western arch, and at others extending to the western face of the arch in the nave, 
in many works of the 13th century. The apse is sometimes included in, and sometimes 
excluded from, the ees/ca. Where the nave and chnnccl vary in breadth, the base of the 
triangles equal the breadth of the chancel (^ fig. 1236.), its length being determined by the 
eestra, and in each of these cases the breadtli of the nave is obtained by framing a similaf 
veeica upon the remaining length, 

The Anglo-Norman church at Adel, in Yorkshire, is defined upon the extreme length 
internally, as shown in fig. 1237., and 
subdivided by the proportions of 
smaller vesica and other proportions. 

The eguilataral triangle alone has 
been tried, but no great variety, he 
consideis. can be produced, as, like 
the former system, it is but a minor 
portion of the great system in whicli 
most others will be found combined. 

He notices that in 1830, J. Browne, 
of York, produced a system on the circle. By placing a square or cross on Ike centre 
of the circle, dividing it into four equal parts, centres are obtained for vesiem (fig. 1238.) 
of different proportions to those formed by the doulde triangles. By striking these radial 
lines upon each of the four points on the circumference, centres are produced iu abundance 
for quatPefoUs, crossea, and other figures applying more especially to tracery. The first 
reaim gives the proportions of the naves and their aisles of the cathedrals at rhirham. Ely. 
Pefcrliorough, Canterbury and Salisbury- but no others, and cannot therefore be considered 
an universal system. 
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In 1842 Mr. Chantrell developed a system which includes that of Kerrich’s. Its forma- 
tion is detailed in the journal named, to which we must refer the investigator, as the «wy 
hns not otherwise been published. Fig. 1*239. will at once show tlie principle, and if it 
be drawn out to a very 
much larger scale it 
will not appear so com- 
plex. Besides the tri- 
angles, the points are 
obtained for many po- 
lygons. The six divi- 
sions, A A, B B, from 
the semidiameter are 
first ol>tained ; and 
straight lines drawn to 
each alternate one give 
triangles. On their in- 
tersections, as C C, if 
lines be continued to 
the circumference, six 
centres are given, 1) I), 

F F, upon whicli, with 
the first radius A B 
(or of the semi-diame- 
ter), strike a second 
series of segments, and 
a third set of 12 cen- 
tres is obtained. 'I'he 
second centres will gi\ e 
two intersecting tri- 
angles, completing the 
first part of the design. 

Upon the 24 points of 
the intersecting inner man 

arcs, a circle inscribed two. an, chavtrkll’s systbih. 

will determine the inner triangles upon the centres of the first, and the diagram is perfected. 
For more complex forms, an additional number of centre lines may be drawn upon the 
remaining intersections. 

The number 10 was, according to Vitruvius, Plato’s perfect number ; but the anti- 
Flatonists, with their 6 or the radial division of the circle (A to 1239.), could, by the 

working of their centres, without the necessity of dividing with the compasses, produce the 
10, showing that they were the more perfect, as their system combined with all others. 
The examples named by Mr. Chantrell, in which ‘‘the system is clearly exhibited,” ara 
the rose window in the south transept of York Cathedral ; that of Winchester Palace in 
Southwark (fig. 1190.). but slightly varied and almost undisguised; and the east window 
of Hawkhnrst Church, Kent. Walkington Church, near Beverley, using the entire diagram, 
affords a simple illustration; whereas Korrich’s plans are proportioned upon the second 
radial figure produced by the division of the circle, they should be placed upon the base of 
the great triangle, thus facilitating the operation of giving proportion to a plan. In the 
composition of the cathedrals at Ely, Lincoln, Canterbury, Norwich, Salisbury, Worcester, 
Durham, Peterborough, and Winchester, the general proportion is determined by the first 
of the 24 subdivisions on each side of the centre intersecting the great triangle. The 
abbeys are all produced on the intersections of the triangles and their centres, and the 
subdivisions for the piers are found in the centre portion of the diagram, with this occa- 
sional difference, that transversely the radial lines may either pass through the centres of the 
piers or come on the outer or intier faceSy to conceal the principle on which they were based. 
Thus M (fig. 1239.) is part of the plan of the nave of Boston Church, Lincolnshire, 
arranged on the former principle, while N is part of that of Middleton-on-the -Wolds 
Church, Yorkshire, where the lines come on the inner face of the piers. 

“ For the elevation, proceeding with the double spherical triangle upon the centres 
iongittidinally. and the variations before noticed, transversely, the various heights were 
obtained for the pillars ; and the subdivisions by the spheric^ triangles upon them gave 
arches, capitSls, and bases, triforia, tracery, mouldings of every description, and due 
proportion to each feature. 1 have every reason to believe,” concludes Mr. Chantrell, 
“ that tills system will apply to the works of all ages that can be tested by sound geometric 
prineiplas.** 

I’he results of the mvestigations published by £. Cresy in 1847 are added in Sect. VI. 

F. C. Penrose, in his investigations at Lincoln Cathedral in 1848, for the Arohwological 
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Institute of Great Brl<ain and Ireland, iirgea that *'the tendency towards the system of 
designing on the sywarc, witli greater or less degree of approximation, is found to occur tn 
so many churches that it is a law which had great authority with, at least, the more 
orthodox of the middle age architects, although they did not scruple to modify it when they 
saw occasion.’* He decides that the nave of Lincoln Cathedral was formed on this system 
on the intersection or intended intersection of the piers, and coinciding with the ot/toidt 
of the main walls. The choir seems to be built upon the true system of squares, which 
arc of the same .size as those of tlie nave, but the greater width of the former allows of the 
squares coinciding with the f a side of the walls. ‘‘The height of the choir appears to be 
obtained, as is so frequently the case, from that of an equilateral trinngh^ whose base lies 
within the walls. 'I'lie height of the nave is obtained by a square placed within the same 
limits, which, though less symbolical, is more commensurate.** He thinks that if the length 
of St. Hugh’s choir could he recovered, the whole length from east to west was then puch 
th.nt it included the transepts within a vesica piscis. He also conceives (for reasons he 
states) that the architect to the presbytery had access to the original drawings prepared 
for the earlier parts of the building. 

The ratio of the voids to solids appears to be more remarkable than is to he found in 
any vaulted building in Europe, at least among the larger structures. Very careful 
measurements taken immediately above the plinths give voids 1056, supports 107, or the 
former nearly ten times the supports, including in the latter, the external buttresses and 
walls; and including in tlie voids, the clear internal area of the church. 

Mr. Penrose gives the measurements of tlie heights of various parts taken by him with 
great exactness, and this height he divides into 26 parts, which will be found “ to agree in 
nn exceedingly accurate manner with the principal divisions of the bays. In Bourges 
Cathedral, he states the height of the vaults agrees with that of an equilateral triangle 
whose base occupies the breadth from ce«»tre to centre of the external walls. Some of the 



heights may be obtained from parts of this triangle, and others from integral numbers of 
French feet. In the cathedral at Metz, the height is 130 French feet = 138 6 English 
feet. If this be divided into 300 parts, various proportions of them determine heights. 
The cathedral of Ratisbon appears to he founded on the triangle taken as that at Bourges. 
'Ibe ratio of its height to length is as 3 to 8 ; and is 104 2 English feet high, or 110 
Bavarian feet. These results are well worth further consideration, from the well-known 
lonscientious manner of taking measurements adopted by Mr. Penrose. 

An early investigator, Mr. W. P. (Griffith, published in 1847-52, numerous essays 
on this subject, as named in the list of hooks in the Gi.ossary addendum. He exhil)its 

the adaptation of the square^ set square and diago- 
nally, one upon another (as in Jig. 1073.) to the 
church of the Holy Sepulchre at Cambridge, Jig, 
1240.; and also of the trianyle, for early churches, as 
at Little Maplcstead,^/?. 1241. Westminster Abbey 
Church, and the catliedrals at Salisbury, Win- 
chester, and Rochester, are based upon a triangle 
who.se base being the width of the nave, including 
^ the walls, is placed upon the centre of the central 

cHoacH^AT ufri.* ORUKCB & Tiiili vovr tower, and three of these triangles will include the 
MAILSSTBAW. wpotoHUB, CAMWiwia. j^ngth of the navc. Ely Cathedral, RedcliHe Church, 

Bristol, and Bath Abbey Cbarch, «re proportioned in a similar manner. “ We must 
insist,** he writes, “ after a primaiy 'figure of form or unit has been given, that each part 
produced sliall bear a proportion to each other, and to the 
original unit. — Although the equilateral triangle dictated 
the general proportions, the sqttuu .ipid peuta^n were found 
very useful in the details, aliaptef b^usies of Wells. 

York, Salitbury, and propofth|»d by joint 

squares forming an tho# « Lineolnt West- 
minster. Worcester, by ^wo conjoint pentagons, 

forming a decagon. the formation Of the plan 
of Salisbirry CatbedtHU|Fon the square and on the triangle; 
but. as noticed respecting Milan Cathedral, although the square 
appears to suit best for the plan, the elevations appear to have 
been set out upon the triangle. Fig, 1242. shows the system 
applied by him to the plan of Sefton Church, Lancashire. 

A comparison of the number of equilateral triangles, as 
named by Mr. Griffith, in fixing the height of buildings, 
will be as follows, vis., Westminster Abbey, 6 ; King*8 College Chapel, 4 ; Lincoln, 34 ; 
Hereford Cathedral, 4; Peterborough; Lichfield, Exeter, 4; Worcester, 
Bristol, S. The loftiness of Westminster Abbey is attributed to the cause that tlU 
eloisters adtjoining (similar to double aisles, as originally intended) being included in ^ 
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base of the triangle of the transverse section, therefore the height of die abbey is 
more than the cathedrals. The chancel of Bristol Cathedral has no triforiiim, and is 
accordingly lees in height. These buildings having been based upon the equilateral 
triangle, that figure will alone be a key to them, and it will he futile to try the s(]uare. In 
Westminster Abbey that figure mostly abounds (in trefoils, hexafoils, dodecafoils, Ac.) ; 
while Salisbury Cathedral, being based on the square^ that figure and its products will be 
found cliiefly employed (in tetra^oils, octafoils. Ac.). This building is 4 squares high. 

Dr. Henssimann, in his Remarks on his alleged discovery of the constructional laws of 
niedieeval church architecture, read at the Institute of British Architects^ 1852. states that 
•* the architects of old did not employ much reckoning in their constructions, but used geo- 
metric forms. — In studying the churches, 1 became persuaded that out of a ground dine or 
sum, considered as a basis, there can be developed, either by a geometrical or algel)raical 
method, between 30 and 60 sums or lines, corresponding to the size, age, and importance 
of the building, and there is, with very few exceptions, not a structural member, be it large 
or small, the proportions of which are not defined by one of these lines or sums, or excep- 
tionally by their multiples or divisions.** He published the first portion of his ehil>orate 
system in 1860; this, together with the extensive system put forward by D. R. Hay, of 
Edinburgh, must be left to the reader to investigate from the books themselves. 

The last of the investigators with whose system we shall trouble the student is 
VV. White, who published it in the Ecctesiohgist for 1853. He has perceived that each 
architectural period has its own appropriate order of rules, and this in minute accordance 
with an intelligible system of development. Thus, in the Norman period, the general pro- 
portions of the plan are reducible to the square, and the relative proportions and positions 
of the minor parts chiefly by the equilateral triangle. As architecture progressed the 
square disappeared, and to the outline and detail was applied the triangle. In the middle 
of the 14th century, as art declined, the triangle was forgotten, and a system of a diagonal 
square was taken up. Since then mathematical proportions have been chiefly employed, 
especially that of the diagonal of the square, 1243. 

** The figures applicable to the setting out of medtasval buildings are these: I. the 
square; 2. the equilateral triangle ; and 3. certain arcs described upon diagonals and 
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Fig. 1244. 


Fig. 1245. 




ng. 1847. 



Fig. 1245, 

liases of the same.** Thus, in Norman work, the proportion of a square placed loxengeways 
from the ends of which a veaica piscis is struck (Jig. 1244.) is in common use. In first 

pointed worJc, the proportion is that 
of a square touching the head and sill 
(^. 1245.). 'fh® system sliown in 
Jig. 1246. seems chiefly used in 
lancet windows and works of tliat 
period, the height being first deter* 
mined. The proportion in 1247. 
is used in traceried first pointed* 

nciM, MrUM. Fi,.mo. ‘''.e the width, being 

^ , tamed from the apex of an equilateral 

triangle. l[ne proportions j%«. 1248. to 1251. predominate in middle pointed ; those of llw 
V. tbo seiner, only iq the latter period the rule is applied to the determining of the lights 
or bays instead of the whole opening, and is applied to the centres 
of the mullions and not to the sides — 

only. All these pi;oportions appear to 
have been equally well known in all 
early times, but in the middle pointed 
period they gradually became more 
complicate^ and are consequent!}' 
more ditficuU to trace out. In third 
pointed they can hardly be founi^ 
and in obtuse third pointed they quite 




fieuse. 


Fig. 1254. 


ng.isss. 


diMppotf, the proportions ehown in Jgt. 1843. and 1852. taking their place, 
lateral triangle of 60® rk i? r? .... 

>y the M^e formed 


The equi- 


hteral triangle of D E F^. 1853.) need to obtain one point i's often'oeo^'n'pii^ 
of 30®, E F O, to obtain another relative |)oint ; each equal eidKiiviaiaB 
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F D And F G ; F G and F E, haTtnj? the correspo.'.ding angles of each equal ; whereas 
ha other triangles (as Jip, 1254.) this is not the case. 

We give one of his illustmtiotis of the theory as applied to Stcyning Cluireh, Sussex, a 
Kornuin btiilding. The plan (Jig* 1255.) is set out by equal aqnaret^ and also the exterior 

(Jig. 1255.) to some extent The interior (^g^ 
12.57.) is set out by squares and triangles. The 
diagrams will explain themselves. 'I'he diameter 
of the columns is determined similar to c s/ in 
Rule It. The lower window is set out by II. 
and the upper one by VI. 



, ris. H56. Fig. 1257. 

STKYKtSO CHUKCn. 


Fig. 1203. 


rKcBus cni’ucii. 


Fig. 1258. is the ground-plan, and./y.gr. 1259. the elevation of t!»e cast end ; and Jig. 12f)0. 
the elevation of part of the side, of the church of St. John, Wappenbury, Warwickshire. The 
relation of the lines one with another is well exhibited in the diagrams. At Jtchenor Church. 

Sussex, the width is divided 
externally. In the west 
window of the north aisle 
of the church of St. An- 
drew's at Ewerby, the 
centres of the mullions 
obtained on the plan by 
squares diagonally di- 
vided. exactly coincide 
with the same points on 
the elevation as developed 
according to Rule VI. 
This system is shown in 
Ji(fa. 1287. and 1303. 
Fig$. 126S. and 1263. ex- 
plain the method of set- 
ting out the proportions 
for third pointed work ; 
the height of the bay (R)f 
lieing rirst determined by* 
tiie diagonal of a square. 
The example is the church at St. Probus, Cornwall. The windows S are a square wide 
to the outer edge of the moulding, and are fixed by a square on the base of the bays. 
The windows T have their points fixed much in the same v^y. but their width is deter- 
mined by the diagonal of a square. The height of the arches in the interior are also 
determined by the diagonal of a square (Jig. 1261.). 

** No one." writes Mr. White, ** seems to have carried out upon the equilateral triangle 
an^ dednite theory of design, or to have reduced the application of it to any tangible 
■hape. — The theory is that the several parts of a perfect building must be in certain 
reMve proportions to each other, — so that all parts may be brought into an entire and 
VlHirbtakable harmony with each other, — hence it is not a definite application of tliese 
|ifdMiplet that is insUted on. but only a systematic observance of them In tome way or 
eMulav and domestic buildings, sre do not look for the tame amount or kin# 
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of beauty* nor b tbe wnie eraotnen of proportion of equal iroportanetf aa In an eeelcalastteal 
building* where every line ouglit to be in its proper place* and every tonn distinctly marked 
to convey an idea of perfection. I n common d welling-housesi where it is directly evident tliat 
the eitemal form is entirely dictated by certain requirements of internal arrangement, a sort 
of natural beauty always results* and so there is not the mme need to have recourse to 
exactness of proportion to produce some degree of good effect. 

“ 'Fhe advantage of a mechanical process for defining proportions and forms would lie 
immense in the mere practical carrying out of the work ; for by its meras we could* by* 
taking one leading dimensiou* transcribe* reduce, or enlarge drawings with the greatest 
accuracy, and with less than half the labour of using scales and oompaaws. A large body, 
•f men, working apart from each other* but under certain and very rigid restrictions, must 
produce diversity as well as similarity. Tbeir works must all possess the same generai^ 
character, though the details and form in the application of them must vary in eveiy 
instance with the circumstances of the case and the workings of the different minds." 

This system is developed by Mr. White* on numerous plans* details* towers* &e. tak«r>' 
from his own dimensions. 


Sect. V. 


raorouTioNs or mocldikos. 

To enable us to decide that mouldings may have lieen also designed according to a 
measure, there is a very interesting notice recorded by Llaguno, Noticias de lo$ Arquitmton 
y Arquitectura de Eapana^ edited by Cean-Bermudes* 1829, wherein, under the life of 
Paseual Iturriza, he states that that architect designed, Rth of May* 1511* the eapiUa mayor 
to the parish church at Plasencia in Guipuzcoa. While the work was in hand* complaints 
arose from the townspeople, voters, that he was decorating it with work that was too minute 
and could not be seen from tlie floor. To this assertion he replied* according to an entry 
in the archives of the town, that they might bring some persons, peritoh an /a yimetria, who 
could give a judgment in the matter. Such skilled persons were brought to the building 
and approved the work in debate. Whereon the town council requested the vicar* as 
being a person who was always in the building* .to overside the remainder of the work. 
The churcli is in tite Gothic style* with a nave and chancel only, and is executed in cut 
stone. Iturriza was further employed at Santa Marina de Oxirondo in 1559. 

We have given in the section Masonry an illustration {fy. 662A.) of a mode of setting 
out the ribs for vaulting found on an incised block of stone. Such specimens of mediaeval 
work are Prof. Willis, in his paper on VavUiny^ gives another example, and 

perhaps could be quoted. But these do not show how the mouldings were 

proportioned.^^ 

We insert Ipppi the appendix to Roriczer*s work, quoted on page 1008, the method of 
making the temj|3llijitc or mould for working the mouldings for a canopy. The directions are: — 
In a given square A B C D {Jiy, 1264.) inscribe a circle and draw the diagonal and centre 
lines. With the centre Z, and a radius equal to the given line A B, describe a circle, and 
therein inscribe a square E F G H parallel to 
the diagonals of the first square. This gives 
the size of the horizontal measurement of the 
four leaves of the great flower or finial of the 
canopy. In the same circle inscribe a square 
I K L M of equal size to the last mentioned 
square, but parallel to the sides of the sipiare 
A B C D, and let the line I K intersect the ■ 
line F G in N, and the line F G intersect K L 
in O* and the line K L intersect the line G H 
in P, and the line G H intersect the line L M 
in Q. Bisect the line B K in R, and with the 
centre B and the radius B R describe a circle ; 
and with the same radius describe a similar 
circle about the centre C. With the centre G, 
and the same radius, cut off from the line G Z 
a portion G T, and through the point T draw 
a line S S of indefinite length ; and from the points O and P draw lines perpendicular te 
the line S 8 and joining iu This gives the outline of the template for the arched mould' 
iftgs t tor M Q will be the Internal toce of the wall, Q P the external splay, with one 
hollow moulding C therein ; tlie reotangular parallelogram under P O will contain the 
jamb mouldings ffrom which the tomplatf of tbe nuillion is tound* &o. 
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' *t1iv jamb aitd ^dod mouldings are not described by Roricaer, but probably the back ot 
l^e hood Is obtaiiu'd by the radius X Y cutting Z E at a, and from a and X the Mine 
radius will give the 'point b, from whence the curve X a is obtained. Tiie curved line 1 a 
is obtained from X. Divide X Y into 5 equal parts, and at 1 draw a line parallel to Z a; 
The length af will be equal to the diameter « Y. With a radius equal to dt, and the 
centres f and Y, dcscrilie arcs of circles intersecting in the point and with the centre 
g and the Mine radius describe the arc/ Y. The roll moulding appears to be fomu^d by 
tlie length e Y on the line E Y, cutting the line Y X at 1. 

ITie jamb moulding is probably obtained by dividing the line S S into 8 equal parts ; 
<ia radius equal to one of tlie parts struck from 2 and 6 will give the ourvea, and the lina 
V W. T r will be equal to half T 4, and the jamb is completed. For the rosainder of the 
C«ttstruction of the canopy a^e must refer the reader to the publication in question. 

**>It is in vain,^ states Cresy, Stoh^ Chnreht KenU 1840, “that 
we attempt to imitate the tracery or mouldings belonging to 
Hiis (the 18th century) style correctly, unless we consider them 
to emanate from some simple figure. However numerous the 
mouldings, they never a))pear confused, which entirely arises 
from the order observed in their arrangement.** This he illus- 
trates by the mouldings forming the trefoil arches round the 
chancel. “The points of inter- 
section of the two equilateral 
triangles are the centres for tlie 
hdllows, and the more promi- 
nent parts of the moulding are 
set out with the same radius at 
the points of the triangles ; or, in 
other words, four circles are en- 
circled within a circle, and by 
omitting each alternate one the 
figure is formed.” 

Fig. 1265. is from Mr. White's 
essay, and represents his system 
applied to a cap and base of the 
poiyjh doorway at the church of 
St. Andrew, at Heckington, in ‘ 

Lincolnshire. The mouldings are 
reduced from full size drawings 
whereon the diagrams coincide 
very accurately witli the several 

members, the whole being set out by subdivisions of the equilateral trii 
SO® and 60® &c. (as^y, 1253,), Fig. 1265a. illustrates another cap and iSiiHBe from Steyn- 
ing church, previously selected as an example. The cap of the columns is formed on the 
principle of Rules ll. and III., and the base upon that of VI. 

A remarkable circumstance connected with this subject is, that although the German 
archaeologists appear to have reduced the proportioning of mouldings and details to a 
system, as illustrated and explained by Hoffstadt, Gothitichea ABC Bttch, Frankfort* 
3840, which has been translated into French by T. Aufsclilager, Prinetpeadu Stglk GoUnque^ 
Paris and Frankfort, 1847, no one has translated it into English, or prepared a corre- 
sponding publication on English work (certainly not since the well conceived but Inmentn 
ably produced system by Batty Langley in 1742), not even the author of the A^atgaia 
of Goihie Archifociuiys from whom it might have been expected. In fact, a t«ue system 
of mediieval architeef^iire being still unknor^ in England, designs are made at random, and 
the school, in disregfund isf its profe’>sed principle-s, continues disunited. For theaatisfac., 
tion of those who may desire to 8ubje<6t the mouldings given in Chap, III, to a system, 
we add that the plans of Fountains, Tintem, and Henry VII.*8 Chapel, appear to be 
designed on fhe system of the square; that of Howden on the triangle. 
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Tlw following (mition of the elucidation of thU subject was originally published in 
M7 bf E. Cresy in his Eneyelopmdia^ as Tefrrred to at page 900 of this work, who notieed, 
qrttUe Introdufijing it, that “our attention mast not be directed to the dewrative portions of 
style, hut to the eoostructlon* from the study of which tome vahiable lessons tifaV be 

deduced.** 
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The Saxon tnanuer of Building — A divuion of the transept of the cathedral at Win- 
chester has been selected as the be^t authenticated example of the style in use previous to 
the Norman Conquest. In a paper read l^efore the British Archaeological Association a* 
their second annual congress, held at Winchester in August, 1845, the author pve hu 
reasons for supposing it to be the work of St. Athelwold, for which the reader is reusrred to 
its “ Transactions.” 


Arches upon arches enabled the Saxons 
to continue their walls to a considerable 
height, the openings between the piers being 
proportioned as those of the Roman build- 
ings in the time of the emperors. Tlie 
plans of the piers differ from those pre- 
vious to the introduction of Christianity: 
in Britain both the Greek cross and the 
circle are applied to them. 

At Winchester Cathedral the columns 
of the triforlum recede within the pier, and 
are set round a circle, (fig. 1267.); the 
passage in the walls of the clerestory is 
shown at the side; in another portion of 
the same building is a similar arrangement 
in less massive piers, (fig. 1268.) 

The Saxon churches were generally di- 
vided into three tiers or stories, viz. a 
lower arcade, a trifbriura, and clere-story 
above ; and such was the solidity and thick- 
ness of the walls, that buttresses were alto- 
gether omitted, the outer face of their build- 
ings in this particular bearing a closer 
resemblance to the Homan than the Nor- 
man, although the workmanship was rude, 
end the decoration scanty. 

The proportions found in Saxon buildings 
are the same as in the Homan, wliich, 
without doubt, they took for their models. 
The circular temple of the Pantheon at 
Home, 1 42 feet 6 inches diameter internally, 
and 183 feet 8 inches externally, contains 
the proportions of two-fifths wall and three- 
fifths void; the area of the latter lieing 
15,948 superficial feet, and of the former 
26,493 superficial feet; the difference of 
these areas giving 10,545 feet for the area 
of the walls. 

We have already seen that in the Coli- 
seum at Rome the points of support are 
about one-sixth of the entire area of the 
Flan; and the proportions of both these 
Buildings have been admired for nearly 2000 
^ears, the one vaulted, the other uncovered. 

Generally the walls and piers of our 
Saxoh cathedrals occupy from one-third to 
two-fifths of the entire ares; ip their sections 
one-third iir devoted to walls and piers, and 
the leihainder divided between the nave and 
side aiples. t 

The division of the cathedral at Win* 
Chester exhibits very perfectly the 
Saxon mannef of building ; the piers that 
support the lower arches are 10 feet wide, 
and the clear openings between theim 12 feet 
1 inch. Tlie nave and transepts retain 
their original construction; in the former 
under the casinjg executed by Wilhaiti^ef 
Wykdiam, and in the Utter it is seen in its 
<fuU purity. The choir ^stands over the 
'trypts built by St Athelwold, and though 
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•ORiewhAt changed by the Nor- 
mans, it jet retainH the di- 
xneusions given to it by its 
odebrated Saxon constructor. 

The small piers, one of 
which, in the south transept, 
is nearly perfect, are set out 
with great regularity, and 
measure 9 feet 8 inches from 
west to 'sast, and 8 feet 2 
inches from north to south ; 
their form is that of the Greek 
eross, composed of tive cubes, 
each S feet 7 inches in width, 
with large and small columns 
placed around them to receive 
the mouldings that decorate 
the arches ; six of these co- 
lumns have their eentrie on 
the same circle s it is evident 
that the hexagon, or the du- 
plication of the equilateral 
triangle, was appU^ and 
that the whole was set 
out by one conversant in 
geome^, and acquainted 
epth the propmtions of the 
cube. The Greek cross, which 
deincs the aoUd mass, is oon- 
tUmed through the triforium Fig. ism. risa at tranispt «t wmcaasTsa cATasDSAt.. 
and dlereatory up to the timber 

mdi Itie columns of the triforinm, set round the inner idrcl^ are partly ent ieie 
tWleteral arms of the Cr^ cross, but the face of the shafts Of tbe columns art in a Ulie 
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irith itf outer nidtf. The centre of the pier k preterved thHnjgboat, end to placed ai 
always to balance the ross s ci around it equally. The circuliir shaits at Gloucester 
CathedraU Tewkesbury Abbey Church, and several others, were probably of earlier date 
than pillars formed of several ^fts ; those in the church of Saint GermaiD dec Pres, at 
Paris, are delicate esamples of the former style. 

lliat aisles, galleries, and passages, belonged to the construction ot a Saxon church, 
we have sufficient evidence in the^ accounts left us by contemporary historians ; but the 
present subject is almost conclusive on this point, there being a preparation for a wali 
6 feet 8 inches in thickness, containing the passage S foet in width, indicated by the plan 
of the pier at fig. 1267. The arrangement of the columns shows that there was no 
intention of vaulting the side aisles, for the two which carry the oross springers appear 
to have been added some time after the original construction, as were also those in the pier» 
fig. 1268. 

Athelwold is supposed to have executed the whole of this work before the year 980 1 
the mouldings throughout are rudely cut, the capitals of the plain pillars being the only 
portions which are at aU enriched by sculpture, and they are reiy simply carved. 

TAe Norman manner of Building can scar^ly be said to differ from the Saxon, thou|fh the 
masons employed after the Conquest certainly acquired e superior knowledge in their art. 
The ornaments which we find in Norman buildings had all been previously used by 
the Saxons ; hence the difficulty of distinguishing the works of one from the other : wherq 
written authority is not handed down to us, we can only judge by the difference of the 
workmanship; it cannot be denied that there were many very able masons among 
tlie Saxons, who were qualified to raise buildings and enrich them with sculptured 
ornament. 

The finest examples of Norman 
work may be seen at Caen and its 
neighbourhood, and have been en< 
graved from measurements taken by 
the late Mr. Pugin. 

In England the same style pre- 
vailed throughout our religious 
structures ; there is a great similarity 
of arrangement, and little variety of 
ornament ITie Norman style was 
generally adopted after the Conquest 
but that named by the monkish 
historians the ** Opus Romanum ” was 
continued in many of our parish 
churches, as well as in some larger 
buildings. The Norman pillar was 
sometimes composed of a cylinder 
with four small half columns at- 
tached, as at Amiens, which is 7 feet 3 
inches diameter. 

For the Saracenic or Arabian Styles 
we must refer to the beautiful work 
recently published by Mr. Owen 
Jones, where the decorative parts of pjg, J20S. pixr at amiiks. 

this curious and highly ornamented 

architecture are admirably given, and proceed to the description of the principles wbleli 
guided the constructors of pointed architecture. 

The JLaneet Style succeeded the Norman, and we find it well defined in many churches 
and cathedrals as early as the year 1180; in it decoration was sparingly introduced, 
and throughout every part of the design there was simple uniformity, and a display of 
a ooi^derable knowle^e of geometry : the heads of the windows and doors were formed of 
a pointed arch, constructed upon an equilateral triangle ; all the mouldings whufo suiv 
rounded foose apertures were delicately formed, and had both capitals and bases; this stylo 
was practised till 13S0, when it was followed by another, which by some writers has been 
termed 

The Early English or the Geometric Stylet from the tnanner In which the several portions 
of a building were set out ; and we find it adopted generally up to the year 1880. 

SaUshmsy Catkedrak founded by Bishop Richard Poore, in the year 1830, was finished 
in Its plan is that of a Greek or patriarchal cross, the extreme len^ being 480 

foot, that of the great transept from north to south <838 feet, and that of the lessor tra^pt 
|78 foet : the stone used for the external walls and buttresses was brought from the quar* 

sft Chelmark, srbich lies about 13 miles distance, Wettsr^ Ibm the city. Ilie iiitddfo 
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of tbn «idU it (tied in with mbbl^ indlb* Unftt ofthe «diana».tM of nitridfe, from tb 
Purbeek ^tiarHei. At the iiiterteetim 0 the neve with ti|e trenaept tfiset a iiobl 
atone tower and octagonal 8ph% the total of whldb is 400 the stone of th 

spire is m thickness About 2 feet to the liei^or^ feet above the tower» after whlfSh it 1 
only 9 inches in thickness to the summit s this spire, though braced and strengthenei 
throughout by timbers and ironwork, has declined from llie. perpendicular 22^ inehea 
but since 1681, when the observation was mode, there has been no further declination. 

Thd walls, after they were carried up to the door x>f the triforium, appear to have beeL 
increased by corbelling, as if it had been doubted whether, as originally set out» there would 
be suflicient strength to carry the cross springers of the vaultM nave ; the total width 
is exactly lOO feet The clear width of the tmve, as measured on a level with the triforium, 
is 33 feik 8 inches, and that of each side aisle half that dimension, or 16 feet 9 mches; 
had tills last been 16 feet 7^ inches only, the proportions shown a section would 
have been exactly one-third fer walls and two-thirds for voids ; after appropriating the 
third of the 100 feet to the walls, half the retnainder is given to one side^ and halt 
to the other; we also find that each of these dimensions of 16 feet 8 inches is divided 
into three, two parts of which are given to the outer wall and buttress, Mid the etlier to 
the mal^ pillar that divides the nave and side aisles, or nearly so. 

The incUnatioft of the arched buttresses is not such as to revist the spreading of the 
vault at its base, the knowledge of their use not having then been attained The heiglit 
of the vaulting of the nave from the pavement is 81 feet 

has some peculiarities in its construction, particularly in the applicfttion of 
Its arched buttresses : they pitch against a stone corbel inserted below the springing of the 
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aUdJ* wiilt, «ad » t«ii8wt dnvaat tb« bade af (m —ill IVil' ittilgitiiil 1^lft1r-^^l^r1rtt 
{agSaalion of the top of tha fljrfaig buttNai.Sm tomciMj^MttaMMlbdWfB l^en 
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■t 9alubttfy. IW maaonity arebaa k 

rabi j aoitttruoled, and tb« Joktts aE nuii«te to m cona* 
cumoeBtra s 

Hie total width of thia eatbodral &oe to Jkoo 
of tho huttreaa ia 86 3 inches and that of 

the novo SI ihet 10 iaoli^ statead of S8 feat 
inches, as it would have baea if a t^d M been 
adopt^; the aide aisles are also diihiniahed in conse- 
quonoa, haing Onlj 13 feet bohea ia the clear; 
they are, howler, equal b the buttress, outer 
vaU, and main pillar added togrthel* the first pro- 
leoting S feet 8 inches, the second pr outer wall 
baiog 6 feet in tfaiokn^ said the piers 5 feet diame- 
ter; wh^ the width of the side aisle measures IS 
feet 71 mohes, an approumation sufficiently near to 
suppose that the proportions of thirds wasstill adopted 
in practice. The nase has been increeaed at the 
expense of the aide aisles, and its height is 68 feet 
9 iuohea to the top of the vaulting fr^ the pave- 
ment. 
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L Ofiqpfer Botm at 
Wdkt erected between 
the years ISfiS and 
1302, ia an ootangukr 
budding of great 
beauty. A eection 
through the but- 
tresses ehowa that 
two equilateral tri- 
angles eroiaing each 
other have datwniiiiad 
the mala and voife 
which ara in the pso- 
portioD of on# to twe^ 
or the thickness of the ‘ 
two wafli is equal to 
one-tiiit^ the entire 
diameter t the base 
Um of the triangle^ 
ibwkdeb the aupporti 
afthe emt are plWMc^ 
'tlSfely indicates this 
mtaAgeniMit. Ofthe 
twi l v ooytilatet^ tr^ 
aii#«aoonpifeadintlHi 
rdl,lagtM» ftyRMd 

rimitiii tbr mm 
• t«U 

«uMgUI« . 

MM tel ihM» 



I'ig. 1374. DivnaoN or wells catbiimul. 





cunn>ii.ii.> .T wtej. 




1025 


PJlACTICi: OF ARCHITECTURE. 


Rome HI 


Where it ti determined that the vails* ahall ooctipy otie-third Of the seetkm of a buildiii] 
no figure is so well calculated for such a distribution as the equilateral triangle ; it enabh 
the architect at once to limit and fix the proportions of his design ; henee its universi 
application : and the mysterious qualities attached to it by the freemasons no doubt arojs 
from the extraordinary fkcilify it afforded them in setting out their sereral works; ^Wht 
can be more simple or more beautiful than the distribution of this edifice ? Within a circl 
a hexagon is set out, the perpendicular sides of which mark the outer faces of the buttresses 
the junctions of the anglest by forming a base to every two sides, produce the tw 
equilateral triangles, which sub-divided not only enable us to arrange the other portior 
accurately, but also to measure with the greatest ^icety their relative dimensions. Th 
quantities of material employed in construction can be estimated by such means muc 
more easily than by measuring each portion separately, cubing it, and adding the numerou 
dimensiona so obtained together ; there is decidedly more simplicity in the former than i 
the latter tyatem s the area of one triangle being found, we at once know that of all the rosl 
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or of any portion. In the subject before us the distance from the middle of one buUimt to 
that of the other is 31 feet 6 inches, and the diameter taken through them at this level is 
92 feet; Omitting the buttresses, tlM outer side measures $6 feet,. and the inner 31 feet 
6 inches, the respective radii of the circles which comprise the octangular outer walls and 
the void being 38 feet and 31 feet 5 inches. Hence we find that the entire area of the 
building without the buttress is - . . 9264 feet. 

The area of the void 2176 feet f . 

And of the walls or points of support • • . • lOSfi feet 

At the level the cr^t above the outer plinth, we have these regjular propo^om>i tweih 
thirds void and one-third walls. 

Ibe height of the entire building, from the pavement tothe top the parapet, it 73ftto 
6 inches, md to the top of the pinnacles 92 feet, the total height brnng equal to 
dtemetor taken above the plinth moulding on the oiitlide. Ibe interior this 
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houM ^Khibits tbe most perfect proportions as well as appropriate decorations ; tbe ei^bt 
windows, divided into four da)rs, have their heads filled in with circles set out upon 
equilateral triangles ; the vaulted stone roof rests partly upon the octangular central pillars, 
S feet in diameter, surrounded by sixteen small columns, one «C each angle and anotlier 
between*: the height of the pillar is 22 feet 8 inches. 

Thoroughly to comprehend the expression, as well as use of the various members found 
in the architecture of the middle ages, we must trace the progress made in vaulting, and 
observe the chaiu^ it underwent, from the simple cylindrical to the more complex and 
difficult display of fan tracery or oonoidal arches. The ridge ribs, or as they are 

termed, in the ciypt of the Chapter-house at Wells, pass from the centre of the Imilding to 
the middle of each buttress ; the dia^nais, or mitre into them as well as into the 

forvMteU or ribs against the outer waits. 

In the vaulting of the Chapter-room, we have evidence of greater refinement, and an 



Fig. ItTZ, OHArrsK-Honss at wEua x sbciton. 


improvement in the decoration, by the addition of a number of intermediate ribs 
terminating against the octan^lar one in tlie middle. 

At a later period we find transverse ribs made use of, then others between; but 
altoough tbe design may seem complicated, yet when laid down the plan wUl as- 
sume tbe greatest simplicity, as shown in tlM division representbig the groining of the 
erypt 

When this system had been carried out to a considerable extent, the fiin tracery was 
introduced, and although apparently more diiicult of exeoutiou, it is far more scienUfio in 
application and arrangement, evincing a higher knowledge of mathematical principles 
md geometry, and sa another ofidahee of Uie gradual progress of the mind towarda 
|>lMtlic ti o a ht t^ style of afcbiteetum. 

« A 
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Abbey, commenced in the year 1245, is in that style which for many years 
prevailed in France : the fine church at St Denys, near Paris, is exactly similar in all its 
detail. The windows are wide, divided by mullions, 
and have their heads filled in with plain circles, the 

origin of the cusp, or that kind of decoration which ■. ■ 

every pointed arch afterwards received. This style, 

trhich succeeded the Lancet, is found throughout Im m 

England, and many of the parish churches exhibit I 

fine examples of it. Stone Church, in Kent, of | 

which the writer has published an account, may be m 

cited as one of the best; its ornament shows the | 

skill and taste that prevailed among the free- mi | 

masons at that period. Salisbury, Wells, and York ji M\ 

Cathedrals abound with rich foliage and sculptures /§§ Ml 

of the highest merit executed at the same time, and j S llll 

it is wonderful to observe to what a state of perfec- f T ■■■■ — ji || 

tion the artists of this country had arrived. The ||j | j|| ] 

effects of the chisel of the Pisan school were dis- ' | | IZIZ ||(j[ 

played upon marble, but our sculptors worked upon | 1/ 

an inferior material ; yet the draperies of their ~ 

figures, as seen in the front at Wells, and else- f "" — i i ' 

where, are quite equal to those wrought by 

the pupils of Italian masters at the same time. ZZH 

'Hie circle and its intersections at this period were - jJ I— 

alone employed for the plans of piers, sections of I I r 

mouldings, and the filling in of windows and *.1= * b ■ w 

doorways: from them we trace the origin of the 
style which immediately succeeded. 

The cathedrals of Cologne, Amiens, Beauvais, the 
Sainte Chapelle at Paris, and numerous other ex- 

ainplcs on the continent, exhibit the same proper- |ir^r^gri|r^ 

tions and style with that of Westminster ; the lofty L ]| 

pointed arches, which rest upon the main cluster, are | I 

decorated with numerous small mouldings ; the tri- [' — — JI 

fonum, in some instances glazed, have their pointed --- , Ji!! fT7'~l7T~~' ! J 

arches filled in with trefoils, cinquefoils, or sexfoils, 

and the clerestory, carried up to the very apex of 

the vaulting, is similarly adorned. Westminster 

Abbey is one of the finest examples of building 

executed in the thirteenth century. &[// 

Trnecry and Gemmtric Forms — To comprehend il jil 

thoroughly the principles which directed the free- liHI tfth 

masons of the middle ages in the execution of Wl H 'Sa /Ajy 

all their works would require fiir greater illustra- \m\ Ini \B| ///// 

tion than can be bestowed upon the subject in ||||' Wjl m|| ' 1 1 

the present volume: it must be sufficient if we J|| Jlfl ||| I 

point out a few which influenced the design of *33”!- 
some of their best examples, and show that it is a 
perfectly erroneous opinion to suppose they were 
executed without a thorough knowledge of certain 
rules, onglnating with themselves, and perfected by 

a eelmtafit study of what was not only useful, but 

productive of the best e^ect. Those who inquire 
into this subject must collect the data upon which 
an opinion can be formed, for it is scarcely possible, 
without positive measurement, to arrive at any con- ..... 
elusion upon the matter : the admirer of the Greek, 
or the commentator upon Vitruvius, alone can 
'■carcely hope to be successful : it is true that in 
one of the early printed Italian editions of the 

valuable author quoted, there are several dia- ^!!S9a. imiii 

grams which seem to point to the subject, but 
the student will find only the nucleus around 
which the lovers of geometry in the middle ages 

Ranged their varying and beautiful forms j this is the equilateral triangle, and by 
iMMOsing the plan, section, or elevation of a building within It, the several prapottkms 
M be accurately measured, and if tub-divided into a number, either of the triangles 
would show tile proportion it bore to the whole area. ^ 
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In one of the tracery heads of 
ihe windovi^s in the cloister at* West- 
minster, the date of which is about 
1348, we have two figures that re- 
semble the plans given to clustered 
pillars, indicating at once that the 
Mune principles were applied to 
the setting out of both windows 
and points of support When 
the circumference of a circle is 
ilivided into twelve equal parts, 
file points which divide them form 
the termination of four equilateral 
triangles, and we have at their 
intersections not only the centres 
of the circles that constitute the 
filling in, but also the several 
mitres and other portions of the 
figure. 

Tliese rules were evidently ap- 
plied to windows, and to tracery of 
every description, executed at 
the end of the thirteenth and 
commencement of the fourteenth 



Fig. 1279. CLOISTEim AT WESTMINSTER ABBEY. 


centuries ; also to the plans of the 
main cluster of pillars in many 
cathedrals and churches. For 
nearly a century, circles and their 
intersections formed the ornamen- 
tal portions of every kind of panel 
and window bead; they were 
afterwards blended into other 
figures, and apparently set out 
upon different principles; hut the 
hexagon and equilateral triangles 
were necessary to produce the flow- 
ing lines which succeeded. The 
change which took place in design 
no doubt arose from the facility 
which had been attained by the 
practice of this method, and if it 
were possible to exhibit each 
variety in England alone, there 
would be ample evidence of the 
inventive power of the freemasons, 
and the jirogressive improvement 
in their school for depicting form. 



The (juatrefoil in fig. 1279. is met Fig. i 2 i 
with m the panels of several altar 
tombs, in the spandrills of the arches of door- 
ways, and it is worthy of observation that 
all the mitres, where the figures change their 
form, are perfect for each : had these con- 
siderations been neglected, we should not 
have had the graceful flowing lines found 
in these designs ; no other triangles crossing 
are so universally applicable, or require less 
skill in their adoption. The student of the 
present day might occupy a life in the col- 
lection of these subjects, and they are most 
excellent models for the application of the 
ttiies of theoretical geometry to practice. 

Wmdowi of three Daye or Dioieiom are 
met with, having heads of ungular beauty, 
molq^ within an equilat^l triangle, and 
m numerous the designs, tlmt it is 
inw lo meet with two exaetiy similar. In 
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tho more imiple of three days or lower divisions, the head is occupied by three circle^ 
each of which contains a trefoil constructed upon tl>e crossing of either three or four equi> 
lateral triangles. 

A very extraordinary design, composed of intersecting circles, is to be seen at the east 
end of the chancel of tlie church at Sutton, at Hone, in Kent; although much dilapidated, 
it still preserves many of its original flowing lines, all struck from the same radius, through 
points previously determined by crossing the primitive oirole by four equilateral triangles^ 

At half the height of the head 
of tlie window a horizontal line 
may be supposed to be drawn 
from one side to the other, on 
which are three circles ; the two 
outer touching, are crossed by 
the third, struck from the point 
of their junction ; with the game 
radius several spherical triangles 
are struck from the points of 
intersections, producing the 
lines, which unite and divide 
the window head into several 
compartments, differing in pat- 
tern and dimension. After the 
circles were struck, the lines that 
did not play into each other 
were left out, and those only re- 
tained which flowed on grace- 
fully ; by these nice consider- 
ations and just application of 
principles, the masons were ccr* 
tain of producing a perfect ef- 
fect, without rigiaiy adhering to 
any particular form. • enuutu, rknt. 

Windown of four Days or Divisions Among the beads of ft more simple eharacter 

ftre tlmse which contain one large circle, subdivided by three equilftteral triangles, eack 




rtg. 1285. yig. 1384. 


iiiftloslng ft trefoil. Others contain, in Addition to the one great equilfttend bdftiuj^' 
two smaller, const) ucted upon the points of its base, and dropping into the ^Mce fiottipniied; 
between tba beads of the divisions below. ^ / 
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Windowt of Six JDUfWont are far more complicated, and, though exhibiting greatw •klU 
In geometry, are let out precisely upon the same principle. The two equilateral triangl^ 
incloeed within tlie great circle mark put the prominent features of tlie design, and their 
tenninations are the centres of as 
many spherical triangle^ which, 
by their crossing, constitute the 
elaborate filling in. 

In some examples, abo^e 
the two main lower divisions 
is a circle divided by several 
others, the twelve which are 
indicated in the figure serving to 
proportion the tracery of this 
compartment 

At the latter end of the four- 
teenth century, these designs 
were so multiplied that almost 
every cathedral and church had 
its peculiar windows: in Amiens 
cathedral, the chapels constructed 
at this same time receive their 
light from windows, the heads of 
which are filled in with tracery 
exceedingly varied, hut the 
general principles of setting out 
the work are preserved ; the 
circle and the equilateral 
triangle were subdivided 
almost to infinity, and 
period of the arte do 
tlie inventive facul- 
ties appear so fertile as 
ill that we are now 
considering. 
great west window of 
York Cathedral is the 
finest example of the 
improvement nuule in 
this mode of deco- 
ration ; the geometric 
forms are there ho con- 
cealed by the blending 
of the several curves, 
as to produce con^ 
tmued flowing lines, 
winch is partly shown 
in fig. 1282. . they are, 
however, all set out 
in the same manner, 
and the centres upon 
which they are struek 
are established Jv 
the crossmg of 
Lateral triangles. 

During the epis- 
copacy of John Gran- 
disson, from the year 
1327 to 1969, Exeter 
Cathedral was under- 
going an entire change 
in its architecture. 



rig im 


To this bishop we are indebted for the great west window, of nine days, and several smaller 
of four end five, in which are introduwd tracery showing a great variety of design : some 
ore composed of equilatemd triangles, each conteining a tr^oU* some of circles with six 
tunu, mbers have four and three; but the heads of all, varied as they ere, beloiif to the 
we aehofd ee fig. 1284. ' • < 

, Hw ftm Mtt wiaiow «t‘ Otbadal b motlNr Am •unpb of bIm 
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executed about the middle of the Hth century; tl>e centre of the heid of the vindoir, or 
rather the nucleus to the tracery, is an octagon, six sides of which are retained, the otim 
two being suppressed, to allow of a better combination with the three centre dhdsioiie ol 
the lower part. 

The equilateral triangle also defined 
the form and magnitude of the several 
inullions, as shown by J!<f, 1287., 
constructed upon measurement of the 
windows of the clerestory of the nave 
at Winchester: a line drawn from 
the apex of one mullion to the other 
is the base of the triangle, and 
the space inclosed by the two is 
divided into ten other equilateral 
triangles two of which agree in 
dimensions and form with each muU 
lion. Of the twelve equilateral tri- 
angles embracing two half mullions, 
ten are given to the day or space to 
admit the light, and two, or one- 
sixth of the whole, is comprised by 
the mullion; such appears to have 
been the manner of proportioning the 
parts of windows in the middle ages. 

Rose Windows in the West TVaneept of the Church of St Ouen at Rouen is 29 feet 6 inches 
in diameter, and composed of seven equal circles, one of which occupies the centre : each of 
those, which surround it. are again subdivided by others ; two only of the outer six are pre- 
served in the figure, and form the quatrefoils whilst the intersections of the others servp as 
centres to the rest of the design. 



F!g. 13S7. See alto fig 1503. WlNCHESl fcR. 



Mm Window of the South Tranaept of die Cathedral at Rougn Is 83 feel in^ dlftincter, 
Retained to the centre of the large bead* which comprises the figure. A ponloR only at 
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this beautiful example is given, for the piirpost of exhibiting tbie principle upon which It hi 
M*t out t it will lie evident that the nucleus of the design is eomposea of two equUotenil 
triangles, and the sides of each continued, constitute the alternate divisions. 



Flf. 1990. mOUIN OATBSDIAIiS S a U TB TlASBIPr. 


The internal hexagon has its paralld sides prolonged, to imk the position of the four 
divisions that have their pointed heads attached to the small circle, which forms the eye of 
the pattern I and the length of these prolong lines is limited to the extent of the sides of 
an equilateral triangle, which is again divided regularly, the trian^lar ipaces between 
being filled in with trefoils. The small mullions are in width Scinches, the next sixe 
f inches, and those which mark out the figure and have a bead for their termination are 
fi^inelieat another bead and bold projecting label, or rim, circumscribe the whole rose window, , 
W bidjow around wlucb is enrichad widi a curved leaf On each side of the internal 
boxagOB an equUaterid triangle Is constructed, around which a circle is struck, unltiiii! 
diefant!^ with the next,iuul fonaing the six turba which characterise the filling In of 
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*ircle» «t thit period t these were the prtaclpel decoretions after the Lwcet style was aban. 
doned, and were continued until sueoeeded by more flowing and raried designs. 

Rote mndou of the Sotd^ pantepl at Rtanait, 34 filet 4 inches in diameter, is eompoaed 
of six largo circles and their uitersectiiiM. 

To set out ihis win- 
dow the great circle 
expressed by the outer 
bead is divided into 
twelve partSp each 
being equal to half the 
radius; twelve equi- 
lateral triangles are 
then insetibeda the 
points of which touch 
each of the divisions, 
and where they crpss 
nearest to the outer 
circle, the twelve 
pointed arches that 
surround the figure 
are struck ; the other 
points of intersection 
nf the triangles are 
centres, * from which 
the other curves are 
drawn. It must at once 
tie evident, that in a 
circle ao divided, or by 
any other equal num- 
ber of equilateral tri- 
angles, the portions 
contained between thcf. 
smaller angles must 
l»e equal to each other ; 
the six circles around 
the centre have their 
curves blended into 
the outer, and if it be 
required to fix centres 
for each of these flow- 
ing lines, they can only 
be obtained by cover- 
ing the entire row 
window with lines in 
the manner already 
described The radius 
being equal to tlie 
tide of a hexagon, and 
that figure being coni- 
posed of two equi- 
lateral triangles, waa 
probably the chief 
reaaon of its first pre- 
ftrrence overall otiieraj 
it certainly a6rords the 
most extraordinary 

powers pf combination, ^ ^ « 

ahd there ^ caroely a moulding or form In the architecture of this period but li tel 6o| 
^oin it The mullions that bound the divisions are all portions of thvi figure, Os ore 
mouldings, which sweep round the arches of the buildings themselv^ Nothing pan 
pfl OT the brilfiaht eflfect of these marigold windoW'*#lieu glased with rich colouf^ 
expos^ to either a rising or setting sun ; in the example now described, this effect* it still 
ffirther heightened by making nearly the whole end of the anuthem triduept 0 c^tthualko\ 
of the tame design, the glass descending almost to the tops of the doors ^^hieh amwd 
to tlm enthedral. The coustrpction of such works must excite out highest adlaiiotiotit 
b imiiean aoare^y possible to excel the perfect manner in whi^ tlie, parts ^ ^a 
•ttd worked oif, the execution being in every particular wonhy tha detlgm 
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t The Rote Window in the South Transept at Amienst 29 feet 6 Inebee !n>4iAiinftw Sa net out 
upon two vquares, which cross each other diagonally. 



Fig; 1292. aUlENI OATBBUSAI. t SOCTB TRANSEPT. 


Sixteen ^Ttsions are employed in this figure, and by crossing as many squares, we arti>e 
at the method by which it is set out ; each side of the square is equal to the radius by 
which the master line on the outer bead or circle is struck : where the squares cross each 
ether are the divisions of the pattern, and their several points are the centres upon which 
the pointed arches are struck, which surround the outer portion of the rose. 

Where the lines of the sqyares cross, in the interior of the figure, the smaller divisions 
are established, and their points of intersection serve for centres to strike the lesser curves^ 
to show this clearly the whole must be set out, and drawn to a large scale. 

The architecture of France underwent a material change after the thirteenth century t 
the heads of the windows were no longer filled with tracery composed of six foils, generally 
three in each window, but branched out into a more running pattern, as practised in 
several parts of England. The fourteenth century not only exhibiu windows "of moire' 
difficult design, but an apparent absence of the principles by which the several parts were 
proportioned to each other. Before the Perpendicular style appeared, great progress had 
been made in the groining of the spacious vaults of the naves, as well as those of the side 
aisles. After the fan tracery was substituted in England, the windows had straight 
mullions ascending till they intersected the arch ; and we have no ftirther display of thd 
varied figures that everywhere prevailed before; geometry was now exeroisea upon thd 
intricacies which their surprising vaults exhibited. It is Somewhat singular that we never 
5nd the beauties of a previous era retained, and blended with that which succeeded. I 

Vdr the SCX) years during which the Pointed style continued to fiourish, each half oentui;p 
gave to it a new character ; henoe we have seldom any difficulty in establishing its date * 
iU these changes resulted from an Improved knowled^ in the art of construction. 'Xlie 
iKV^ges of fteemasons were gradually approaching the principles which, directed the e^rtit 
of the architects ef the Bysantine schMl, and which were found too refined and deiioate 
be practised out of Italy after the eleventh century. 
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no OOH WMow in th» SorHim Ttwmpl oftho C»«rc* of St Onto at Rouen, SS fef* 
S inobe* in diameter, is an example of the pent^onal letting ont. 



Fig. 1293. 8T OUEN AT HOUIW. 

When the sides of a pentagon are prolonged, they unite and form five isosceles triangles, 
•tuh having for its base a side of the original pentagon. The equilateral triangle, the 
•qiiare, and the pentagon may have been adopted by different confraternities of freemasons ; 
the first can be formed into hexagons, duodecogoiis and their multiples ; the squares, by 
crossing diagonally, into ^tagons ; they may be also tripled and quadrupled . the 
mitre of the equilateral triangle is in the direction of its centre of gravity, as is that 
of the square and the isosceles triangles ; consequently to unite the mouldings around 
either, the plummet would indicate the direction of the line, when dropped from the 
angles and suffered to cross, the point of intersection being the centre of gravity 
9omnion to the several lines. 

In the chapel of St. Cecile is the monument of Alexander Berneval, the master mason of 
the works at St. Ouen, at the time the rose window was executed by his pupil, whom it i^ 
reported he murdered from jealousy such an application of triangles was then called 
the pentrJpha, 

llie foundations of this church were laid by Marcdargcnt, about 1318, by whom it was 
built as far as the transept ; but probably the rose window of the northern transept was 
not inserted till many years after, for the memorial of Berneval bears the date ot 1*140 : 
this monumental stone is 8 feet 6 inches in length, and 4 feet in width, and in it U 
represented the architect and his pupil, each employed tracing with his compasses his 
respective design; these beautiful brasses with their rich tabernacle work were in tlis 
highest state of perfection when the writer was last at Rouen, and around the ipaster figure 
yraM inscribed in German letters — 

gififSRaiStte 2Cl«)canbre brSSerneoal# SRaiitre he« oeu^red be SJJaconnerie bu 
tiotre bu fiSalUage be aHoucn, et be ce<te (Xgliie# qui treipaWo/ Van be grace 
Ktit ^cterL le p Jour be Sanuier. 

pric'd ®leu |)our Vamc be lu^. 

The d«t« of the pupil's death is not commemorated, which has led tome to imagto the 
ef Ida milrder untrue, and that he erected the monument to hti wmtor snih the 
uf being buried by hb side. 
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Thk ‘Sorth Hoh Window at dmienit, 37 feet 8 inches In diametef. Is a magnlfioent aiample 
of the application of the pentagon, with 5 isosceles triangles around it 
This window, probably 
executed in tie fourteei^tli 
century, has a great resem. 
biancetothe last describ^ ; 
the fen tracery of which 
we have early specimens in 
the cloisters at Gloucester, 
required the same know- 
ledge of geometry to perfect 
tlieir design. In 1482 
Euclid was first printed at 
Venice from the Greek 
text ; but geometry had been 
studied in England from the 
time that Adhelard, in 1130, 
iiad introduced a transla- 
tion of that author from 
the Arabic versions which 
lie met with during his tra- 
vels in Spain. In 1256 
Campanus of Navarre 
translated Euclid, who 
seems to have been com- 
mented upon by several 
eminent writers, and no 
doubt it was the text-book 
of the freemasons, who dili- 
gently applied the problems 
It contained to every pur- 
pose of their art. In 1486 
the Editio Princeps of 
V'ltruvius appeared, and 
the commentaries of C^sare 
Caesariano followed in 
1521; the latter author 
published three plates of 
the Cathedral at Milan, 
covered with equilateral 
triangles, which have not 
been descril>ed so as to be 
useful or understood. 

The compartments which 



Fig. 1394. 


AUIBNS: BOSS WINDOW. 


have the flat sides of the original pentagon for their base, and parallel sides throughout till 
they terminate in the pointed arch, have their mullions proportioned to their opening, the 
larger being double the size of the smaller, whilst the latter are equal to half the open space 
between them ; the mullions in these examples, which divide two spaces, 6 inches in 
width, are usually 3 inches in thickness, and the others are in the same proportion. U'hr 
next sized mullion is 4^ inches, with a bead of l^inch diameter, which runs round the 
whole pattern of the figure, the centre of which may be called the master line, by which 
all the rest are set out ; the several mullions are all twice as much in depth as in width. 

Baptutety of PUa, — The internal diameter of this circular building is 200 feet, and the 
thickness of its outer walls and oolunms 10 feet 6 inches ; iu external diameter is 121 feet, 
the area of which is 11,499 superficial feet, that of the interior being 7854; if we 
deduct from it what is occupied by the four piers and eight columns, or 1 88 feet, we 
hare 7666 feet fior the void, exactly two-thirds of the entire area. To find theM pro- 
' portions in an edifice commenced about the middle of the twelfeh century in Italy, is k 
curious corroboration of the opinions already advanced, the same rules as those deMsribed 
fer the Chapter House at Wells being apparently followed : the conical brick dome was the 
work of an after period, and may have been the prototype for that df St Paul*s at Londoiv; 
the pointed architecture belonging to the exterior of this edifice, of the same character as 
that which adorns the crosses of Queen Eleanor in England, wag added in the fourteenth 
oentiuy. 

Mbn shows bow tne equlktgral triangle governs the proportions of thk o^ebrated 
; the extreme dum»:tcr is the and Us apex the * leVel on whidb tbi 
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•mm# N e4n t eoniiud widl heraisphericAl domes t&e ptoeedi tlie ittfiiiiioft|fn fwo 

irrmt trisnries fixes Ihe dmmeter to be given to the int^al ^d* aroM whtoh the sidu 
^ iMle, its w^Is and pillars should be formed. The circle which has fta diameter com. 
* prised between the apex of the two equilaterals determines the clear width between tha 



fig. ISW. liA^nsTERY or PIBA. 


Wldlp^ .Tl«t architects of those days delighted in the forms prodiji^ bf the 

jaefhral mtersecdons of the circle in combination with the equilateral trianglh* we are 
^aSMired by viewing the several designs they have left us in mosaic upon the walk df 
,X>tiOiiio^ and at the cathednds of Florence, Sienna, and elsewhere. 

. ifos^ Seatlttnd commenced about the year 1446, has Its buttreeies 

jeuit^d ^0 giff aid to the walls, and to enable them to resift the thrust of its naiudy eemi* 
etrctilar vault, which they receive below the springhlg. The extreme width foom fiiM 
<lo«i«oc|iliolmttioisask 48 feet 4 inches; the span of the nave k 15 foet 6 IttObeei 
I- thaq the proportion of a third; ^ two aide atska 
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we 15 fctt, or within a few 
inches of the width of the 
lave; consequently the walls 
and piers in this beautiful 
example are 17 feet 8 inches, 
or 15 inches move in extent 
than they would have been 
if the proportion of one-third 
had been adopted. The 
height from the pavement 
to the under side of vault is 
41 feet 10 inches. 

After the examples de- 
Bcrib^d, we cannot doubt of 
the great proficiency that had 
lieen made in the application 
of the rules of geometry to 
architecture; every feature, 
whether the simple moulding 
or the most elaborate tracery, 
was set out cither upon the 
equilateral triangle, square, 
or pentagon, and these regu- 
lar figures seem to have been 
chosen on account of the 
facility by which they are 
subdivided. From the in- 
troduction of the style each 
fifty years that succeeded 
brought with them new and 
improved principles, and at 
the very commencement of 
the fourteenth century, we 
see the clustered pillar and 



Fig. 1296. ROSLYN OllAPSt. Fig. 1297. 
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ite many moulded arehet yielding to m 
etele that combined greater fimplioity 
with a more thorough knowledge of con- 
•t^uetion, which will be evident upon an 
examination of St Stephen’s Chapel* West- 
minster* (now destroyed,) liegun in 1348, 
the nave of Canterbury and Winchester 
Cathedrals, and several others. In these 
examples we have elegantly formed arches 
resting on well-proportioned piers, the ^ 
mouldings of which so combine that they ^ 
form a perfect figure, and show that the 
points of stipport were designed to carry 
all that is placed above them ; the same 
contour of moulding that surrounds the 
pier performs its useful part in the upper 
portions of the building, constituting one 
entire whole. This style, simple as well 
as elegant, was executed by masons fully 
ooalinWi to advance it to the greatest per- 
wotiDn, and deserves both our study and 
admiration. 

CanUrbwry Cathedral exhibits every i— 
variety of style found in medueval 
architecture; its history has been 
published by Mr. Britton : to that 
work, to which the writer contributed ^ 
some measurements in 1820, he must £ 
refer for a detailed and elaborate p=T= 
account of the several changes made 
in the decoration of the edifice. 

It is only to the pillaars of the nave 
we are desirous or drawing the at-/^ 
tention, and that merely to show their v- y- 
simple form, and the manner of setting 
them out : four squares are so placed that 
their diagonals and sides are united in 
the centre, thus con- 
stituting a form f 

capable of the great- 
est resistanee at the 
(bur points of the en- 
tire pier, where the 
several thrusts and 
pressures are re- 
ceived : the O O 

mouldings of the 
piers run round tlie 
arches, whilst the co- 
iunmar mouldings 
towards the aide and 
pave support the ribs 
of tlieir respective 
vaul^. Greater eim- 
plicity can hardly be 
obtained, and ev^ 
line and indentotion 
oftlmplan haailp use 
and ^ appropriatioQ : 
tberp is no profusiont 
or toember fhr tb# 
tola purpose of deoo- 
lattoo; hi this ar- 
laafeiiient wt have 

|h0d teste, end the 
mMkm ef a saoce p. 

jharmei^iie and per- 
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In the Church at St Ouen at Rouen, we have a ver/ different arrangement, and 
by no means so solid a form. 

fhnckester Cathedral One division of the nave has been selected to show the peculiar 
6tyle practised at the latter end of the fourteenth century, and also the skill exhibited in 
changing the form of a Saxon edihcc, and giving it its present character. The- plan, 
fi<t. IsaO. is that of the pillar, as well as 


of the mouldings and walls of the tri^ 
foriura and clerestory above. When 
William of Wykeham effected the changes 
in the nave of this cathedral, he pre- 
served all above the arches of the trifo- 
rium, cutting away only the masonry of 
each division below that level which in- 
tervened l)etween the main pillars ; he 
then caused the whole to be cased with 
an ashlar, so that the original Saxon 
masonry and proportions of the mass 
remain witliin the casing. The dotted 
semicircular arch is the same as that in 
fig. 1266., and in the roofs above the 
groining the Saxon walls are traceable, — 
another proof that when any alteration 
was made in a building by our me- 
diaeval masons, they did not think it 
necessary entirely to demolish it. We 
have in this example the decorative 
character which belongs to the architec- 
ture of the latter end of the fourteenth 
century, though somewhat heavy in its 
proportions, which arises from the mass 
constituting the original fabric being 
preserved, or having undergone so little 
change. The thickness of these pillars 
from north to south is 10 feet 8 inches, 
and from east to west 1 0 fret, whilst the 
width of the opening from east to west 
is only 14 feet. 

If we examine tlie area of one severy 
of the nave, as left by Wykeham, and 
calculate the points of support, we shall 
see that the proportions are not those 
found in the nave at Canterbury, or 
in other cotemporary buildings; com- 
prising the space between the buttresses, 
the entire area of the parallelogram con- 
tained between lines drawn through the 
middle of the piers from north to south 
is 2228 feet ; while the points of support 
within that area are 557 feet, or one- 
quarter of the whole. 

On the section, shown at fif. 1304., the 
buttresses on the north side project 
6 feet ; the north will is 5 feet 6 inches 
in thickness, the half piers^ attached 
project intenudly 2 feet 1 inch; the 
north aisle is In width 13 fr'et 1 inch, 
the pier 10 feet 8 inches; the clear 
width of the nave 32 feet 5 inches; 
the pier 10 feet <8 inches; the south 
aisle 13 feet 1 inch, the half-pier which 
projects from the south wall 2 fret 1 inch* 
and the thickness of the south wall 7 feet 
2 ineliM; there are no buttresses, as the 
cloister, now removed, served the^r pur- 
pose. The width east to west, 
ntessured from tiM centres of the piers, 
being 22 fret t inch, and the width of 
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bnttressef outsit® 3 feet 2 inchw. 

'I’he cathedral or duomo at Pisa 
presents a very different result j 
the total width of the nave is 
113 feet 6 inches, and the width 
of a sevcry 17 feet 1 inch, the 
area of which is nearly 1 930 feet, 
the pcir.ts of support being only a 
twelfth of that quantity on the 
plan, and one-sixth as regarded 
upon the section. Hence we see 
tlie necessity of ascertaining the 
proportions of mass and void in a 
building, before we can accurately 
iudge of its merits as a style, each 
.laving its peculiar quantity, which 
marks its character. 

'Pile section or rather plan of 
the walls, o>i the level with the 
gallery of the trifonuin, shows 
the method adopted to proportion 
the openings to the mass. The 
thickness of the clerestory walls is 
included within the eight equila- 
teral triangles, and wliere tlieir 
sides cross, the position of the 
inullions is established. In hg. 

1287. the circle which comprises 
the two that divide the window 
into three days shows their pro- 
portion and their size, which 
in this example is one-third 
of the opening: in a window 
of three days we have six triangles 
for space, and tliree for mullions ; 
the splays at the sides of these 
windows, uniting them with 
the faces of the wall, are cut 
parallel with the sides of the 
several triangles. The main pier 
is set out by uniting the bases of 
two equilateral triangles with 
perpendiculiu* lines, or forming 
the whole into the figure of a 
hexagon. By a comparison of 
this plan with that of tig. 1267., 
the additions made by William of 
Wykeham to the original Saxon 
pillar will be readily perceived. 

The width of one of the di- 
Tisions of the nave at Winchester, 
measured from tlie centres of the 
piers from west to east, is 22 feet 
1 inch, and the sa ne dimension 
taken in the nave at Canterbury 
IS 20 feet only. In the former 
example the opening between the 
piers is 12 feet 1 inch, and in the 
latter H feet; there is conse- 
quently no comparison, with rc< 
gard to lightness, in these two 

works of the same period ; the , p 

pier being comprised 2| times in the entire division at Winchester, and S} times at Can* 
teriniry, or on the pavement the plinths around the base seem to fall within ' one- tlurd of » 
endre whlth. It would almost appear that in setting out the pillars of sevwal cathw 
the same system was practised as shown for the mullions of windows at fig. 1S87. : wt 
and not the cluster of columns and mouldings, must be regarded as owtipyiiig 
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wefiti And the dear width between the plinths about tiTn-thlrda of that dtflieittion, and this 
U the ease with many examples. 

The Section through the Nave of WincKeeter Cathedrol is highly deserving of our attention : 
the clear width of the side aisles is 13 feet 1 inch, and that of the nave 32 feet 5 bches ; the 
clear width of the building between the outer walls is 80 feet, the thickness of the walls 
16 feet 10 inches, the projection of the buttress 6 feet, and the thickness of the piers 10 
feet 8 inches, making for the entire width from north to south 102 feet 8 inches. 

The width between the walls forms the base of an equilateral triangle, the apex of which 
determines the height of the vaulting of the nave ; a semicircle struck upon this base, with 
a radius of 52 feet, determines the intrados of the arches of the flying buttresses on each side, 
which are admiralty placed to resist the thrust opposed to them. 

On this section we have endeavoured to apply the principles of Cesare Cesartanot before 
referred to, to the measurement of mass and void by a method far more simple than that 
usually adopted. 

By covering the design with equilateral triangles we see the number occuj^ied by 
solids, and can draw a comparison with those that cover the voids : to prevent confusion in 
the diagram a portion only of three of the triangles has been subdivided, to show With what 
facility the quantities of the entire figure might be measured, if the several large equi- 
lateraU were subdivided throughout in a similar manner. Tl)c band which extends 



from the face of the outer buttress to the centre of the section contains 88 small equilateral 
triangles, six of which cover the pier j ransequently it occupies on the section one-sixth of 
that quantity ; no turther calculation is requisite to find the proportion it bears to the 
whole : in like manner the other parts of the section may be compared. Such was the use 
of equilateral triangles in the middle ages for ascertaining quantity. 

The two equilateral triangles which occupy the nave and a portion of the piers aie 
comprised within the figure called a Vesica Piscis ; if the horizontal line drawn at half the 
hei^t, uniting the base of the upper and lower triangles, be taken as a radius, and ita 
extremities as centres, it wUl be evident that parts of ciroUe may be struck, comprising the 
two triangles within them. Euclid has shown that a perpendicular may be raised or let foil 
tVetn a given line by a similar method, the space between t^ segments b^g called afterwards 
« nimbus; and there can be no doubt that from time immemorial all builders have used 

f &e bee adopts for ite honied cell a figure composed of six equilateral trian^es, and 
is proved to be the most economical method of construction ; the sides of each hexagon 
all common to two cells, and tio spaea is last their junction. The nearer the 
houndarr line of a fiatua ■snroaidMM ihs cinala. iha mnrn U will 
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but circles could not be placed above and under each othert or side by side, witlioixt 
interstices occurring, and the equilateral triangle, or a. figure compounded of it, is the only 
form that will admit of it being so arranged. 

TJie interior and exterior division of the dkoir at Winchester exhibits two styles ; the 
latter is a fine example of the decorated elegance to which architecture had ariived at the 
oommencement of the sixteenth century. 
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Kinp*s CoUtyt Chapel, Counbvidge, has no side aisles, but in lieu of them are small 
chapels between the buttresses, which are not interrupted in tlieir depth, their whole 
strenf^th being requisite to maintain in - 
equilibrio the highly wrought stone T ( ir r ?mr 
vault; this they have hitherto perfectly | rW 

done, to the admiration of all who have “I ' 

studied its principles of construction. ^ 

The chapel is divided in its length J ^ W 

into twei/e equal divisions or severies, | f 

each of which is formed of four quad- KW** b 111 iKm 

rants of a concave parabolic conoid jW' M I I | W H 

standing on their apex, and is bounded 
by a main rib or arch of masonry 
which has its abutments secured by the ||// kf 

weighty buttresses added to the outer ii 

avails. The width of each severy from u 

centre to centre is 24 feet, the thickness ^ 

of the buttresses being 3 feet 7 inches, ¥/ 

and the length of the chapel between v 

them 20 feet 6 inches; their depth is |J| 

13 feet 6 inches in the clear. || 

The transverse section shows more I 

particularly the proportion of mass and | 1 1 III ill Hill 

void, which are here equal : the total ex- I I 

tent or width from the face of one but- I I 

tress to that of the other is 84 feet, H jjjlj 

and the clear width 42 feet; the height t^l 

from the pavement to the top of the ^ H 

stone vault is 80 feet 1 inch, though this rTw 

varies from the pavement being out of the I r R 

level; the thickness of the walls at top M || | J 

is 5 feet 7} inches; in it is a gallery 1^11 

2 feet 1^ inch wide, and 7 feet high, com- f f ^ rnlin 

municating entirely around the building. | | il || 

The height of the cluster column, I | I I 

whose capital receives the points of the I I I 

inverted cones, is 59 feet 3 indies, so I ||| I 

that the arch, which is struck from* four 11 |i i| ||||y 

centres, does not rise more than 18 11 IlMjll II 

feet 6 inches, and the intersections take 

place at one quarter of the span when Pi 1/11 

the height is 15 feet 6 inches: this arch I ^ 

or stone rib is 2 feet in depth and 18 I [I 

inches in breadth, formed of twelve vous- ||||| || II II II 

soirs on each side, the joints radiating M 

to the centres respectively; it abuts | 

at its extremities against the ponderous 
buttresses, and remains steadfast and 
immovable, dividing, as before stated, j 

the vault into several severies. S 

The plan of the main piers shows that || 

there has been no after- thought grafted i 

upon the original design, which, in all 
probability, was commenced soon after 
the year 1446, as we find that a stone 
quarry at Haselwode, and another at 
Huddlestone, in Yorkshire, were granted, M 1 

for the works to be carried on here, llie jm I 
•tone roof does not appear to have been I 
commenced till about 1512, the inden- U » 1 1 i -' 
ture concerning it bearing date the fourth xino’s couegb chapel. 

year of King Henry VIII. ; in this document Thomas Larke is called the “surveyor, 
John Wast^l the ** master mason,*’ and Henry Semerk one of the “ wardens,** the two 
latter agreeing to set up a sufficient vanvte, according to a plat signe4 ; the stone to be from the 
Wtldon qufrrios : th^ pontracting parties were also to provide “ lyme, scaffbldyng, cinctoresi 
THolee, oraboattnees,** and “ every oUier tbyng required for the saxaa vawting ; the timbori 
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of two scverks of the “great scaffolding** were given them for the removal of the whole; 
and they were to havo the uses of all “ gynnes, whels, cables, hobynatts, 8aws> Ac. ; " they 
were to pay for the stone, and to have Kxi. for each severy, or ISOOt. for the whole, money 
being advanced for wages as the works proceeded : the “ chare roff,” as the vault is called 
was to be sufficiently buttressed, and the whole performed in a perfect manner. 



Fif. 1508 . section or kino's collkok crapei.. 


The extreme width, measured from the face of one buttress to that of the other, is 
d4 feet, and from north to south, from the centre of one pier to that of the other, 24 
feet ; thus the area comprised in a severy, or space between two lines drawn through the centres 
of the buttresses on the plan, is 2016 feet, exactly double the area of one of the severies of 
St. George*8 Chapel, Windsor : the extreme width is the same, but the difference arises 
ffom the divisions in the one being double that of the other, as measured from east to 
wesu 

Feet. 


The area of the nave, 42 x 24 « « « - ^ 1008 

of the chapel on one side • • . • 336 

ditto on the other • • - • 336 

of the walls on one side .... 16^8 

ditto on the other • « - - 168 


H«noe we have for the areas of the space or void on the plan 1680 foet, and for ^ wnlli 
nd pitr 336 foet, or one-sixth of the whole 2016 foet» limilar proportions to those which w4 
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shall afterwards Dud m St. George's 
(’Impel. Windsor. In King’s College 
tlie nave comprises half the entire 
area of a severy, and the remaining 
half is divided into three, one of 
which is given to each of the chapels, 
and the other divided between the 
points of support; in this beautiful 
building, with its mid^sfica^Iy con- 
trived roof of stone, the lightest 
construction is adopted. The cate- 
narian curve exhibits the direction of 
the thrust of the vaults fphich falls 
within the base. 

The stone roof we /tre now ex- 
amining differs somewhat from that 
of Henry VI I. ’s chapel at West- 
minster ; the Area of the points of 
support is only one-half of those in 
the latter elegant example ; in no 
instance have we so much effect pro- 
duced by the mason’s art, with so 
small a quantity of material : it is 
evident that the gradual changes 
made in the architecture of the me- 
diaeval period led at last to the 
greatest perfection, beyond which 
it seems impossible for us to advance. V 

In selecting a style of any one 
period, it may be fairly asked whether 1 1 
the principles found in the latter, or ! 
the economy adopted in the con- I 
structions of the 15th century, might [ 
not be applied to it, and the same 
effect produced, — the section of the 
chapter-house at Wells, for instance, 
lightened of half its material ; un- 
doubtedly it might, for the lofty 
pointed arch, not having the thrust 
which the latter* struck from four 
centres, had, woukl exert less thrust, 
and be in favour of such a change. 

But at the present day, when copies 
are rigidly made of the finest ex- 
amples of each style, it would seem a 
hold innovation to suggest such an 
adoption ; still it might be introduced, 
and probably would have been, had 
the freemasons continued an operative 
fraternity, and been required to build 
in the Lancet or other style, which 



superseded it. The same decora- 
tion, a.ii form of .rch may be used 

tn the later styles as in the earlier, as far as construction is concerned, and we have evi- 
dence of sufficient stren^h in the example liefore us; the principles arc the same in each, 
though they may differ in form ; there would be no more difficulty in transforming one 
style to that of another, than was experienced by William of Wykeham, when he changed 
the Saxon nave of Winchester to the Perpendicular. 

On the section shown a,t Jig, 1308. a line is drawn exhibiting the catenarian curve, for 
the purpose of showing that the abutment piers ar© set out in correspondence with its 
principles ; it is not contended that a knowledge of this curve guided the freemasons in 
proportiomng their piers, or that their flying buttresses were always placed within it ; 
hut it is singular that in those structures where their true position seems to have been 
^iecided, the catenarian passes through them. 

Bath Abbey section (fy* 1319.) is an example which exhibits this most perfectly; and by 
a comparison of its section with thiU lU Wells 127SA it will be perceived that the strut* 
are difterently placed, and that the earlier example ia dencldvat £a. 190R Mnmoonfs Dnclvift 
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Chapel, in whidi there ia eridendy some impTorcment ; hut at the time i>f ita aenatmedon 
pcfrf^ knowledge on this subject had not attain^. In a catenarian chain formed of 
links of equal length, every side is a tangent to the curve, and the direction of each link h 
at right angles to it, acting in a direction perpendicular to the line it forms in the cate* 
naria ; and hence its useful application to the science of construction. It is quite clear that 
wherever the curve passes through the section of a building, stability is obtained ; and 
where it does not, it is doubtful: certainly the best application of hying buttresses jj 
that which can be tested by Ais principle. 

'rhe main arches of the 
roof abut against the outer 
buttresses, and spring from a 
cluster of mouldings set round 
a circular pier ; the situation 
of the small columns and hol- 
lows which decorate it being 
determined by the crossing 
of equilateral triangles. 'I'he 
ribs of each scvery abut in 
the centre upon a circle 3 feet 
6 inches in diameter, formed 
of two stones, and indicated 
by No. 1 . ; in the middle is a 
mortls&Jiolc 9 inches square ; 

No. 2. is in width 17 inches 
in the widest part ; No. 3 is 
2 feet 2 inches; No. 4., 3 feet 
8 inches ; No. 5., the same ; 

No. 6., 3 feet 3 inches; No. 7. 

4 feet 3 inches ; No. 8., the 
same; No. 9., 3 feet 2 inches, 
and No. 10., which abuts 
against the outer wall, 4 feet. 

By a reference to the plan 
on fig. 1312., it will be un- 
derstood how the several 
rings of voussoirs which com- 
pose the quarter of the para- 
bolic conoid abut and are 
locked one into the other : the 
construction of this vault is 
somewhat similar to that 
adopted by Soufflout at the 
Church of St. Genevieve at 
Paris, although his manner 
of applying it materially 
differs. ^ 

eJmplt“hM an irra of SsSt! ‘ 

^ual to that of the piers, to which it is attached ; or the two piers and buttresses together 
nave an area of 224 feet : it is curious to find that of the 336 feet before given to the 
points of support, one-sixth should be applied to the piers, one-sixth to the buttresses, 
and the other portion to the walls between ; for 55 ft. 6 in. x 6-336 feet— the area of the 
fftken on both sides ; so equally are the parts even distributed. 

When the Normans first used fiying buttresses, as at the Cathedral at Chartres, the 
**** Hommes at Caen, and several other buildings, they abutted them against the 
inary outside wall ; but it was soon discovered that a greater resistance was necessary to 
^ppose the thrust, and prevent the abutments from yielding. Salisbury Cathedral was 
rhri!* ^ earliest where flying buttresses were us^ ; and the opinion of Sir 

tn ** '^^orthy of quoting upon this subject, as it applies more particularly 

constructed, and not so immediately to those erected in the fourteenth or 
fttteenth centuriM. « Almost all the cathedrals of the Gothic form are weak and defective 
p the poise of the vault of the aisles ; as for the vaults of the nave, they are on both sides 
^uaUy supported and i»ropped up from spreading by the bowes or flying buttresses, which 
rise from the outward walls of the aisles ; but for the vaults of the allies, they are indeed 
supports on the outside by the buttresses ; but inwardbr, they have no other stay but the 
{Hllara themselves, which, as they are usudly proportioned, if they st<^ alone# without the 
weight atove, could not resist the SDreadinsr of the indeed, tb* 
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in their perpendicular itation, that there should be no need of butment inwards , but 
experience hath shown the contrary, and there is scarce any Gothic cathedral, that I hate 



seen at home or abroad, wherein I have not observed the pillars to yield and bend inwards 
from the weight of the vault of the aisle ; but this defect is the most conspicuous upon the 
angular pillars of the cross, for there not only the vault wants butment, but also the 



angular arches that rest upon that pillar, and therefore both conspire to thrust it inwards 
towards the centre of the cross.” 

At King’s College chapel, flying buttresses arc dispensed with, and happily the 
knowledge of construction had arrived at such perfection, when its astoni^ing vault was 
projected, that we have no evidence whatever of its yielding in any part. 

It may seem extraordinary that the Pointed style made so little progress in Italy, the 
Byzantine being always preferred t the architects of that country were probably unwilling 
to relinquish a mode of construction so economical, half only of the material employed in 
the lightest, and a quarter in the earliest of the Oothio style, being required for the basilica : 
for example, where 100 rods of stonework would be. used in the latter, 200 would he ’ 
*'®owsary for the style practised at King’s College, St. George's Chapel, and Bath Abbey 

ChuMtli AM.! Anr\ A.. .UJlt .U.. WT.Jl.. . .Ul.. ...... .1^ — »..1J l—J *U.-. 
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5t. George^M Chapd, Windior^ — If we sup- 
pose a line on the plan to pass through the 
centre of the buttresses and piers, and one 
severy of the nave to be defined, we shall 
have a width of 12 feet, and a length of 
84 feet, the area of which is 1008 feet : after 
this we shall find the ar6a of the walls and 
piers comprised within this severy to be 
168 feet, or one-sixth of the whole ; such are 
the proportions of mass and void found in 
this chapel. The clear width of the side 
aisles between the columns is 1 1 feet 9 inches ; 
that of the nave 34 feet 10 inches, and be- 
tween the outer walls 69 feet 2 inches ; the 
height of the top of the vaulting of the nave 
is 54 feet 2 inches. ITie height up to the 
springing line of the great vault over the 
nave being equal to half the entire width, 
it is evident that two squares must comprise 
within them the entire building beneath this 
line; upon setting them out we find the nave 
and its pillars occupy one, whilst the other 
is given to the side aisles, external walls, and 
buttresses. 

The Rev. John Milner, in his admirable 
treatise on the Ecclesiastical Architecture 
of England, which has been the text-book 
for all modern writers, states that “ hi rise, 
progres^ and decline, occupy little ^ore 
than in the chronology m the 

^nrldUHHp characteristic perfectio^iion- 
sisted intnWfue elevation of the arch, do its 
decline commenced by an undue depression 
of it. This took place in the latter part of 
the 1 5th century, and is to be seen, amongst 
other instances, in parts of St. George’s Chapel, 
Windsor, commenced by Edward I V. in 1 482 ; 
in King’s College Chapel, Cambridge, and in 
the Chapel of Henry VII. at Westminster. 
It is undoubtedly true that the architects of 
these splendid and justly admired erections, 
Bishop Cloose, Sir Reginald de Bray, See. 
displayed more art and more professional 
science than their predecessors had done ; but 
they did this at the expense of the character- 
istic excellence of the style itself which they 
built in.” 

“ In St. George’s Chapel we have the 
work covered with tracery and carvings of 
the most exquisite design and execution, but 
which fatigue the eye, and cloy the mind by 
their redundancy : ” but we have also a 
building constructed with one-half the ma- 
terials that would have been employed had 
the style practised in the chapter-house of 
Wells been adopted. The admirers of the 
Pointed style have not sought for the true 
principles which mark its several changes ; 
'they have not examined into its constructive 
arrangements; had they done so, they would 
have perceived that, as the skill of the free- 
masons advanced, and their workmanship im- 
proved, they economised material, con- 
structed more solidly, and produced a richer 
and more harmonious effect, without sacri- 
ficing any of the principles which governed 
their praetioe ; the improvements ^ey made 
mm m great as thoae notioed when tha 
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Doric proportioa* were ch^ged to the lonle* In the Doric we had two*thlrdi nuuw, onc- 
third void ; in the Ionic half mass half void ; at Wells Chapter-house one-third mass, 
two-thirds void f in $t. Oeorge^s Cluqpel, one-sixth mass and five-sixths void. 



The plan of the pillars is that of a double square, or parallelogram, the diagonals of 
rhich latter figure become the sides of equilateral triangles that serve for the setting out 
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on the fid] towards the naTe» or the single edlumn on that towards the dde 
ihdes, the first of which projects 6^ inches, and the latter 4 inches* 

The mouldings around the windows and their mullions are shown at the side of the 
pier in their proper position. 

Division of the Nave of St. George's Chapel — The mouldings set around the plan of 
the pier are continued up to the vaulting of the roof, without any other interruption 
except where they are mitred round the arches. 

Bath Abbey Church is 89 feet B in. wide from face to face of the buttresses to the 
nave; whose clear width is 29 feet 10 in., or one-third of the whole; and each of 
the side aisles is a trifle more than the half of the width of the nave, being 15 feet 8 inches; 
the walls and piers added together are not quite equal to a third, as they amount only to 14 
feet 2 inches on each side, or together to 28 feet 4 inches, the difference being given to 
increase the side aisles. 


The section of this beautiful building presents 
to us all the improvements made in vaulting, and the 
right proportions as well as directions to be given 
to the flying buttresses ; in the first application of 
those supports, as at Salisbury, they are evidently 
misapplied, but in the example before us we find 
that the constructors had arrived at a knowledge 
of the principles of the catenarian curve, which 
is traceable through the solid masses of the section : 
it was by slow degrees that the freemasons arrived 
at a knowledge of tlie peculiar prMerties of this 
figure ; had it been known at the first commence- 
ment of the introduction of flying buttresses, we 
should have had a better application of them ; in 
several instances we find them adopted where no 
advantage, or very little, could be derived from 
them. 

Division in Bath Abbey Church differs from all 
other examples of this period, by the height given 
to the clerestory and the omission of the triforium : 
the judicious and excellent arrangement of the 
flying buttresses permits of the greater display 
01 glass, 4iilh in the sixteenth century had arrived 
at its mostlpMgeous state, rich in every colour, and 
beautiful Imtn the drawing of the patterns, and 
figures with which it was covered. 

Bishop King commenced this building about the 
year 1500, on an entirely new site, near the old 
church ; from the centre of one pier to that of the 
other is 20 feet 1 inch ; the thickness of the outer 
buttresses 3 feet, and their projection 4 feet; one 
severy of building contains 1650 feet, and the area 
of the points of support is 275 feet, or one-sixtlu 
The pillars are square, though set diagonally, their 
width from north to south and from east to west 



Ftg. 1517. BATH ABBBT CRUICR. 


being 5 feet, and the opening of the arches between them 15 feet 1 inch ; half their plan 
and base is shown at fig. 1 320. : the height from the pavement to the top of the capitals, 
where the sculptured angel is placed, is 56 feet 3 inches, and to the top of the vaulting 
73 feet 6 inches, within 7 feet as much as the clear width between the outer walls. 


Fig, 1321* shows the plan of the stone vaulting, which is perfectly geometrical in its 
setting out ; the cloisters at Gloucester, the aisle at the east end of Peterborough cathedral, 
and St. George’s Chapel, Windsor, have vaults of a similar kind. 


The thickness of the stone which comprises the vaults of fan tracery varies according to 
its position, but in no instance is it considerable, or more than absolutely necessary to resist 
crushing. The spire of Salisbury, 180 feet in height, of an octangular form, io««sures from 
east to west internally 33 feet 2 inches, and from north to south 6 inenes more ; the 
thickness of the spire at bottom is only 2 feet, or the area of its base is half that of the 
void, the void containing two parts, and the solid around it one ; this spire diminishes in 
thickness for the first 20 feet, after which it is 9 inches in thickness throughout ; at about 
30 feet from the summit is a hole, liy which an exit from the interior may be made, and 
by means of the crockets and irons on the outside the top of the spire may be attained: in 
1816 the writer examined the position of the vuie, and the manner in whieh the cappinjt 
st^« was placed, and deiK;ended astonished at the perfection of the masonry, and the 
thiiuMM stf the etoiie with which it was constructed, 




Fig. uao. 

I 


Flgil^l. 


OHOINIKD* 


Th« I^dy <aiape1 at Camdthec, Sitmtmiih eahibUt the raanoej^ suapendhitf • 

keyrtonebylbchinglt between the \oui«)ir»of««twn|icnitcireul«p arch. The length ofthw 
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pendent stone is 17 feet 
6 inche^l, and its thick- 
ness at the top, where 
locked, is SO inches : the 
voussoirs are 3 feet in 
depth the small pointed 
arches or ribs that form 
the groining of the hexa- 
gonal vault spring from 
the side walls and the 
ornamental knob of the 
pendentive, and are per- 
fectly independent The 
abutments of the semi- 
circular arch, which has 
a radius of 12 feet, are 
formed by solid walls 
continued for some 
length in the direction 
of its diameter. This 
sacristy is hexagonal ; 
each side internally 
measures 12 feet and the 
height from the pave- 
ment to the springing 
of the ribs is 18 feet. 

Henry the SeventKs 
ChaptU Westminster. — 

The first appearance of 
the pointed arch was 
probably a little before 
the termination of the 
twelfth century ; the pil- 
lars and mouldings which then accompanied it were of Saxon origin : to its acute form was 
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which the arch was struck from more than two 
centres ; the naves of York, Canterbury, and 
Winchester Cathedrals have been cited as 
among the best examples. But we have now 
to describe the principles of a style founded 
upon the others, and applied to all buildings 
in England from the middle of the fifteenth 
to the middle of the sixteenth century ; it is 
not met with on the continent, the Italian 
or revived classic architecture having there 
been generally introduced and preferred. 

The variety exhibited in groined vaults, 
progressing from simple ribs to those of an 
intricate and net-like arrangement, no doubt 
led the masons of the time to the construction 
of the cloisters at Gloucester, King’s College, 
and Henry the Seventh’s Chapel at Westmin- 
ster, which works are the best evidences that 
can be adduced of the improvements made in 
professional science, and which could only 
result from a continued perseverance in the 
study of the subject: an examination of the 
several styles will prove that they must have 
been produced by the same school or fraternity, 
and that neither Sir Reginald Bray nor Wil- 
liam of Wykeham could have become ac- 
quainted with the mysteries of the crafl, unless 
they had been Instructed by the freemasons ; 
and that to ^em, and not to any individual, 
nor to the clergy as a body, ought we to 
attribute the construction of these scientific 
and highly decorated works. 

Tht Division of Henry tlie Seventh's Chapel 
bears a strong resemblance in its general pro- 
portions to that of St. George’s at Windsor, 
although it is rendered more ornamental by 
the multitude of figures enshrined in delicate 
tabernacle- work, which covers almost the entire 
walls. The mouldings of the main piers (fig. 
13S24.) that separate the middle from the side 
aisles are enclosed within a circle divided 
into a pentagon — a form the liest adapted to 
receive the weight of the ribs, and the flying 
buttresses that were to resist their force. 


The Rev. James Dallaway, whose dis- 
courses upon the architecture of England, 
created so many admirers of this interesting 
subject, observes, that ** here the expiring 
Gothic seems to have been exhausted by every 
effort The pendentive roofs, never before 
attempted on so large a scale, are prodigies 
of art” But it is not to the profusion of 
sculptured angels, statues, royal heraldic de- 
vices, "&c.i that we are desirous of drawing 
the attention, so much as to the extraordinary 
soDstruction that prevails throughout this 
master-piece, in ^which we have the strongest 
evidence that theory and practice went hand 
in hand; that the knowledge of geometry 
had advanced to its highest pitch in the 
Eruptive arts, and that not only were frie 
of the arch thoroughly understood, 
w ^ijsiderable advance ni||oe w th« appii- 
ef^the properties belonging to the oenet 
XlM atetion of this beautifbl chap4irf6 feet 
w width; the Ijmttresscs and outer walb 



‘are 6 feet 9 inches, the side eblM Ilfcet 
i the piers f.*om north t^ soura 




Fig« 1526. ISGTION OF HENRY Y1I*I« CHAPEL. 


6 inches, and the clear width of the nave 33 feet The entire width, at the basement or level 
of |he paveiMt of the oryp t, is 79 feet : 26| feet, or is devoted to points of support, and 
52| leetf or L to the side aisles and nave ; the area of a severy shows | applied to walls 
and piet^ ana | to the void, which proportions accord with the early rather than with the 
late e camples ; the ^eat weight of the vaulting, which is 62 feet high from the pavement 
of the chapel, requiring additional strength, the proportions of St. George’s Chapel at 
Windsor would not have been equal to the necessary resistance. (See par, 2002w.) 

Our limits will not permit a more extended inquiry into the principles of proportioOf 
^ etudy of which is calculated to produce an important improvement in the noble art, 
tor the practice of which the young architect must prepare himself by careful measure- 
men^ not only of the ruins of Ae Acropolis and of the Capitol, but or all that remains of 
medisBval architecture ! he must be a pilgrim seeking after truth, not bowing before any 
favourite shrine, but returning with a devotion as enlarged as hk subject. The Ptuperidous 
works which antiquity has transmitted to us, it is hoped, may oxeite the attention of the 
Meral reader, nor will his interest be dimWkhed by the contemplation of the astonishing 
development of modern industry. The writer esnnot but fed the importaitce and variety 
of his subject, and, while he is conscious of his own imper^tions, he must often accuse the 
de^cbmoy of hit materials ; but the results of his labour, however Inadequate to his own 
wiabe^ he ftsdly delivers to the candour of Ac public. 
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The Figure op the Cube has frbm time immemoriat been Selected by the architect 
and engineer as best suited for every variety of edifice ; and it is remarkable that the 
multiplying of the cube constitutes the design of the Greek temple, the Ootbio cathedral, 
and the modern iron structure at Sydenham, the variety of effect depending upon the 
mode of its application. Reviewing the tempies of the ancients, we find that those com** 
posed of a portico of four columns, and six intcrcolumniations on the dank, or seven 
columns; that the whole constituted a double cube, or two cubes side by side. A 
cube of 32 feet 4 inches in height^ breadth, and length, placed betiind another of the 
same dimensions, would represent the entire mast of the temple of Fcrtuna Virilie 
at Rome. 

The temple of six columns, or the Hexa&tyle, is composed of nine half culres, or three 
entire, placed one behind the other, with the addition of three half cubes against the sides 
of the hrst, making altogether four cubes and a half. 

The Octastyle temple is composed of nine whole cnl)e8, or four cubes and a half lo 
depth, repeated twice, placed side I y side. The Parthenon is thus formed of cubes, witnse 
bides each measure 50 feet 6 inches; two occupy the front, of 101 feet; the depth of tlie 
four and a half cubes are a trifle more than 227 feet, the true extent being 227 feet 7 inches 

Six cubes, placed one above the other, form the design of the Campanile, at Florence^ 
commenced by the celebrated Giotto in the year 1.334 ; and on the breaking up of theso 
cubes into ornament, the perpendicular lines are lengthened out, whilst in the Greek 
temple the horizontal are made to preponderate ; repose in the latter, and lofty aspiratiorf 
in the fornner, marks the distinction between them. 

The Tower of Bochester Castle^ usually supposed to be of Norman construction^ 
perfectly resembles the faT*fame'd Coliseum at Rome, in the manner in wliich the spiral 
vaults are executed, and in the general method adopted in cariying up tlie massive 
walls. 'Ihe cement employed was evidently manufactured on the spot, as it is entirely 
composed of the materials found clo$e at hand, and the stone such as could be brought 
down the Medway, and quarried on its shores. If this enduring structure was the work 
of Gundulph in the l2th century, we have the strongest evidence that the Roman aits of 
construction were continued without any change either in tlie art or mystery of building 
up to that period at least. 

The building is a cube and a half nearly, being about 74 feet square without the en- 
trance porch, and its height to the top of the angular turrets is 112 feet. A square divided 
into twenty-flve equal squares exhibits its plan ; the sixteen outer squares represent the 
thickness of the walls, in which are galleries, recesses and contrivances necessary for itf 
protection against an enemy ; the nine inner squares of the plan are divided into two spacious 
rooms, one ^ing 45 feet by 19 feet, the other 45 feet by 21 feet; the wall tliat divides 
them is 5 feet 6 inches in thickness. The height comprisi's a basement story and three 
others beneath its roof, which has been vaulted, and which is 90 feet to the top of the 
battlement, and 112 feet to the top of the turrets. 

Bu/es adoptud by the Freemasons in setting out their Buildings, from the Tenth to the 
Fifteentli Century: — 

In the foregoing remarks on Proportion some general rules have been suggested as to 
mass and void, and more particularly the principles of setting out the windows and 
tracery of tlie English and French cathedrals. On referring again to this inreicsting 
subject, the writer was led to inquire why the structures of the latter country should be 
so uniformly larger than those of the former, from which they differed but little in style, 
preserving the same relative proportions, though differing in dimensions. Guided by the 
supposition that the buildings of the above period were the works of fraternities of 
heemasons, it seemed conclusive that they should have some standard of measurement, 
either of their own or peculiar to each country ; and. on testing the measurements with 
that view, it resulted that those of England were set out with the English perch of 16 feet 
h inches, and no doubt by an English lodge; while in those of France the French perch 
i^oyal, of 22 pirda du roi^ equal to 23*452 English feet, was employed ; the few exception*^ 
at 6a>eux, Caen, St, George Bocherville, and some others with round arches, and the 
<^legant church of St. Ouen at Rouen, in the flamboyant style, are set out with the English 
perch of 16 feet 6 inches, and are universally attributed to English constructors; they 
ft-^r^nly most curiously agree in proportion and dimension with the English cathedrals, 
'vhich have two cubes given to tlie nave, producing 6n the plab a Latin cross, instead 
^'f the Greek so usually found in France. It #ould seem that the standard measures 
leferred to were well and wisely chosen, as if intended to apply to all times snd all 
varieties of structure ; for it is singiHar Itow nearly the dimensions of the cubes of the 
<oiry palace at Sydenham, 24 feet, correspond to 28 feet 6 inches of the royal French 
i>ercli. 

To illustrate this subject fully is not within our present narrow limits ; .» very few 
^^mples must suffice, out of the numbers which might .be adduced in support of the 
it is earnestly hoped tlmt thf young ardiit^ umy be sufi^iently int^ 
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tested to test the theory practically, that while he admires their picturesque beauties, he 
will examine by measurement their plans and sections. 

Oftht Frtnch Cathedrals^ we must be content to refer to Chartres, Reims, and Amiens 
ps those most admired, and which serve as examples of the application of the French perch 
In setting out their various parts as well as the whole. 

Chartns Cathedral in which the pointed arch first appears, is a structure of the lltb 
century, and one of ^ie most reinarkablei as well as beautiful, erected after the first intro- 
duction of the pointed style by those who bad journeyed with the Crusaders, and had an 
opportunity of studying their craft in the East. 

The proportions are simple in the extreme. A cube is devoted to the nave, two to the 
transept, one to the choir ; in addition to which, at the eastern extremity, is a semicircular 
termination with six polygonal chapels attached, forming on the plan a Greek cross uf 
admirable design. 

The nave, comprising six divisions of pointed arches on each side, is in its length and 
width six royal perches, the distribution of which will enable the reader to comprehend tiie 
setting out of the entire plan, which he can refer to in several publications. 

The clear width of the navo is two roial percljes between the clerestory walls; each 

f ‘de aisle is one royal perch, and the distance from the middle of one pier to that of the 
then from west to east, is also a royal perch. 

The entire width of the nave from out to out, that is to say, fiom the face of the exterior 
buttresses, is six royal perches, four perches being given to the two side aisKs and nave tor 
their clear widths, and the other two to the projection of the buttresses, thickness of the 
two outer walls, and those of the clerestory of the nave. 

If the royal perch be divided into three, one part constitutes the diameter given to the 
pillars, and another the thickness of each of the walls of the side aisles. 

The internal height of the nave is tiie same as its clear internal width with side aisles; 
80 justly is all proportioned that t lie perch royal, and its division into three, enables us 
to comprehend the dimensions of tlie parts, as well as that of the entire mass of construc- 
tion. 

Reims Cathedral was similarly set out. The clear width of the nave is two rojal 
pcrclies, and each of the side aisles is one perch. The extreme width of the nave, compiising 
the projection of the buttresses, is six royal perches; the diameter of the piers, one-thud 
vf a royal percii, as in the example of Chartres. 

It must he observed that the dimensions do not apply to the clear distances between 
the pillars, but to the space between the walls, which in the clerestory are peculiar fur tlie 
contrivances of a gallery, which usually continues around the entire cathedral, and which 
will be better understood when we treat upon Amiens Cathedral, reserved for a fuller descrip- 
tion. That the perch was the standard of measurement there can be no doubt ; for in the 
smaller churches of Great Britain, as that of lloslyn, for example, the nave is a single perch 
in width, and the side aisles half a perch ; the proportions of the parts being aho those ol 
the tiiird of an English percii. 

Salisbury Cathsdral a contemporary structure with Amiens, is set out with the English 
perch, and affords the best commentary upon the two standard measures made use of in 
the same century by the French and Engli&li freemasons. 

The Nave of Amiens Cathedral is usually admired for its elegant proportions, and by 
several eminent critics has been cited as the beau ideal of that style of architecture so 
universally practised during the middle ages, or after the Romanesque had been discoii' 
tinned. It is one of the most simple in its arrangement, though at first sight, removing 
all idea of simplicity, and appearing so complicated from its variety of parts, as to defy tlic 
application of any ordinary rules ; the numerous arcades, the narrow and lofty compait- 
ments, the vaulted divisions, the diagonal and curved lines, blending one into the other, and 
appaaedtly without limit, it is some time before the eye can acquiesce in the idea that sucii 
an edifice can be brought under the same lawn as a Greek temple, or that the cube could 
be the measure of its parts or its whole. In taking the measurements, however, of this raie 
example, tlie dimension of 2 ) Ibet 6 indies so frecjuently occurred that it seemed to denote 
a standard by which to arrive at the length, breadth, and height of the whole, and that, if 
oonsidered after the manner of Sebastian Serlio. where he describes Bramante*s {)lan of St. 
we might arrive at something like a clue to the 'rt'hole deiign. 

If k curious to note, in the work of the abov« mentioned architect, several allusions to 
tht In the defining the parts as well as the whole of a design, and there can be little 
fins simple figure served as the means of measuring the quantities, of either 
OCM df vfid, 1^ every peripd of the constructive arts } oertainly none presents to the archi- 
better means of comprehending or of measuring quantity, and none is more readily 
kllmirided, 6r rendered subservient to the taste of the designer, whatever maybe thesrclii- 
.Idfture be is anxious to imitate, 

an ise^betrieal cube may be ptaeed the entire nave of Amiens Catbedrsl ; mid the 
Wtteaf to "undettti^ its proportiems, we must suppose each square or cube intd which it U 
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<)ivlded to measure 23 feet 6 Inches each dde» or the isoxnetrlcal figure to contam2iC 
such cubes ; the total height, width, and length being 141 feet, or six times the 23 feet 
6 inohea ( See 1327.) 

On the plan are six divisions in length and width, or altogether 36 squares ; each mea- 
sure 23 feet 6 inches on each of their sides. The six outer divisions of the principal figure 
are devoted to walls and buttresses \ the adjoining ux on each ude iliow the situation 



Fiff. 1327. 
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of the side aisles ; and the two middle divisions that of the nave. The two side aisles 
occupy together 12 squares, as does the nave; the remaining 12 being devoted to outer 
walls and their buttresses. 

The entire area, therefore, has 24 squares to represent its interior distribution, tnngl hsH 
that number its external walls ; or one-third walls, two-thirds void. Such are gi^einl 
arrangements of its plan, and its extreme simplicity has enabled the constructors to execute 
the vaulting of the side aisles and that of ttie centre nave^by diagonal ribs, which in the 
former extend over one square, and in the latter two, thus gpvin^ to the nave k» due pro- 
portion of height, without changing the principle of its construction. 

The freemasons of the middle ages were so perfectly acquainted with geometi^r thatiftiere 
is seldom any defect in their vaulting ; it is evident that th^ Uid down their fdiul^ |ir Ra 
execution before they decided upon the form of their main pieri ; in their eet^hf <nit, 
every part had its due function ; and the column, which was intended to be hoitAyeted 
With the vaulting, either of nave or side aisle, was pecutiariy adapted by its pM^on 
for its use. ^ ^ 

The master mason Robert de Luzarche commenced the bqilding of this nave ab<^ ^e 
ym 1220, the founder )>eing Bishop Evrard. The pillars of the nave were raised I# fof 
height of their capitals in 1236, but it was not till 1 VS6 that the vaulting wti oomp]pted; 
^ about eight or nine years afterwards the later^ ebapeU were added. 
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To the top of the battlement of the nave there is not quite so much height as the outer 


wall of the Coliseum at Rome, which is 157 
. feet ; but it is curious to observe that one 
% division of this renowned building does not differ 
very materially in its proportions from that at 
A.miens ; the division of the umpitheatre being 
seven cubes in height ; the piers occupy one third 
of the width of a compartment, as is usual in Ro* 
man structures of the same period. Tlie masonry 
of Amiens Cathedral is executed after the Roman 
models, consequently the pointed arch makes tha 
chief difference between the two styles. 

To render the application of the theory of the 
cube to the nave of Amiens Cathedral more evi- 
dent, or how the 216 cubes which the isomctrical 
figure contains are placed, somewhat more of detail 
must be entered into. 

The six main divisions shown in the figure, with 
the side aisle behind them, have their points of 
support at the four angles of each of the six 
squares ; then each square, with its 23 feet 6 inches 
sides, shows the position of the lowest cube of the 
six placed one above the other, forming the entire 
height of each division or severy. 

At the top of the second cube is the level upon 
which the main arches spring, and that upon which 
the ribs of the vaulting of the side aisles rest. 

The top of the third cube indicates the level 
upon which the triforium is based, and conse- 
quently contains the vaulting of the side aisle. 

The fourth cube is the triforium, and the 
and the sixth the clerestory. 

On examining the section, the side aisles are 
three cubes in height, including the vaulting, and 
the nave six ; the entire open space of the interior 
has 18 cubes for each aisle, or 36 for the two side 
aisles, and 72 for the nave ; in all 108 cubes, or 
exactly one half the entire number contained in 
the isometrical cube. 

It must be remarked that considerable altera- 
tions have been made since the building was con- 
structed; between the buttresses, chapels have 
been formed, and the original windows, %vhich 
lighted the side aisles, removed to the extent, or 
somewhat beyond the outer face of buttresses, as 
represented. Tiie interior is therefore increased 
materially in width, and its effect greatly im- 
proved, making the entire internal width and 
height more iq conformity with each other, or 
each HI feet. 

In the elevation of the divisions the boundary 
of each of the six cubes is more clearly marked. 
The width from centre to centre of each pillar, in- 
dicated by the seven circles (Jig. 1328.) is 23 feet 
6 inches; to the top of the capitals from the 
pavement A B, the height is twice that dimension ; 
to the bottom of the bases of the column of the 
triforium B C, the same ; thence to the bottom of 
the glass of the clerestory windows C D, the same ; 
to the tops of the capitals or spring of the arches 
p E, the same ; and above that line to the under- 
side the vaultmg E F, the same ; thus, six times 
23 feet 6 inches, or 141 feet, Ls the total height 
from the pavement, of the division represented in 
fy. 1328. 



As the groined vaults of the side aisles are set Fif,i5i?8. clbvstiok ovaAvit amisw. 
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tiave, hat^e ttir^ pcfrfeoC cubfls of 24 feet in each severy up to the bottom of the trifi>- 
r^um story, and the same number from thence to the top of the vaulting of the nave. 

The main pillars are 7 feet, and 7 feet 


2 inches in diameter, composed of a 
large cylindrical column, with others 
attached for the support of the vaulting. 
Towards the nave there are three 
columns which are carried up to the 
height of about the middle of that of 
the clerestory windows; on the capi- 
tals which terminate them rest the 
cross springers and diagonal ribs of 
the vaulting. The ^ches of each 
division are 4 feet 9 indies in thick, 
ness, and rest on the side columns, of 
IH inches diameter. The faint line 
on the plan Jig. 1329. represents the 
pier and mullions of the division of 
the clerestory window. 

The seven circles shown in Jig, 1328. 
exhibit the proportion each pier bears 
to the opening, namely, that of two- 
sevenths for piers, and Hve-sevenths 
for the space between them. The 
dimensions vary a little as taken 
throughout the six severies, as in 
some instances the diameter of the 
piers varies as above stated. 

It may be remarked that the contour 
of the torus and scutia in the base, 
are not sections of cylinders or their 
portions, but partakes of the elliptical. 
The mouldings below, are contoured 
differently to those above, the eye, and 



consideration is given to their position, F,g. 155a tlan or coldmws^ amiexs. 
to produce proper effect. 



The bese and capital of the miun pillars, as here shown with their dimensions, is tb# 
sa m e as the ffront view towards the nave, with the exception that the two 7-incb eolumna 
at the side of that in the middle are omitted. 

The jpiers that divide the side chapels, and the original outer buttresaes> have been 
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The clercatory window with its piers ind muUions being already given (fig, 1329.) \t 
remains to show the plan of the piers 
and mullions of the triforiuni) and 
its gallery or passage, which has a 
clear width of 20 inches between the 
main pier and the outer wall, which 
is about 10 inches in thickness 
1334.) The middle mullion, or that 
which divides the triforium into two 
principal arclies, is 2 feet 6 inches in 
widtli, and composed of seven scroll 
columns^ as shown attached to the main 
pillar, which has a depth of 6 feet 8 
inches. 

The ordinary decoration in this ca- 
thedral is very simple, consisting of a 
circle, comprising eitlicr three, four, 

6ve, six, or eight others ; the centres 
of which and their portions may he 
understood by reference to the five 
diagrams 1335. to 1339. fc’culp- 
tiired foliage occurs in the capitals and 
along the stiing mouldings t figures, however, of the most elaborate execution and design 
decorate the exterior, and particularly around the chief entrances; perhaps few buildings excel 
tlie Cathedral of Amiens in the richness of these portions, or the magnificence of itsporclies. 
In describing the Jigi. 1292. and 1294., an attempt was made to convey an idea of the 
geometrical style of the tracery in the rose windows, as well as those of the side chapels. 

We cannot quit this part of our subject without regretting the want of further space for 
the treatment of this very interesting reference to the arts as displayed by the builders of this 
period, particularly as the principles upon whicli they practised are so little known. Simple as 
they ware, their system seems to liave been forgotten after the lodges of the freemasons 
were broken up, and the new era ajipearcd. The renaissance^ or the return to the Greek 
models, at once set aside all knowledge of that Hrchitecturc which had attained such per- 
fection in Europe for four centuries. 



Fig. 1351. 


n.Ax or TJiiroKtvii. 






TUX BUILDING FOa THE EXHIBITION OF THE INOUSTHT OF ALL NATIONS, 1851, 


This building was stated to have been suggested to tlie Society of Arts in June 1845 by 
hb Royal Highness Prince Albert, and it was not long ere the plan for its adoption was 
dereloped. llie public quickly responded to an appeal by subscribing 75,0001^ to enable 
Mie commissioners to erect a suitable building, to be completed by the 1st of Bday 1851 ; 
the site bein^ {^ted by Her Majesty, on the south side of Hyde Park ; and 
that was reqiur^ of the ex hi Wt or a was, to deliver their various specimens of art end 
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manufacture at Ui<s building which would be provided for them* Mr. Paxton, after soma 
other denigns bad been aet aside, submitted a design composed chiefly of glass and iron, 
which Messrs. Fox, Henderson, & Co. tendered to construct for 79,8004 TTiis was imme- 
diately carried into effect. 
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" Th« site for the buildiiig oo&toined fiU>ut 26 eeres, being 2,300 feet in length, and 
500 feet in breadth ; the principal front eltending from west to east The total area of the* 
ground-floor was 772,784 superficial feet, and tliat of the galleries 217,100 square feet 
The length of these galleries extended nearly a mile. The cubical contents of the building 
were estimated at 000,000 feet. 

There were used in its construction 2,300 cast iron girders, 358 wrought iron trusses 
jor supporting tlie galleries and roof, SO miles of gutters for carrying water to the 
‘xilumns which served as water-pipes, 202 miles of sasli-bars, and 900,000 superficial 
feet of glaas. 

On the ground-floor, 1,106 columns of cast iron, rested on cast iron plates, based upon 
concrete ; these columns were 8 inches in diameter, and 18 feet 5^ inches in height ; they 
were cast hollow, the thickness of the metal varying from | to IJ in., according to 
the weights they were destined to support. The sectional area was increased by four 
broad fillets or faces, 3^ inches in width, and a little more than a sixth of an inch in 
thickness. 

The principal entrance was in the centre of the south side ; passing through a vestibule 
72 feet by 48, the transept was entered, which was covered by a semi-cylindrical vault 
72 feet in diameter, springing from a height of 68 feet from the floor ; and this vault of 
Iron and glass was in length 408 feet from north to south. On each side of the transept 
was an nisle 24 feet wide. 

Standing in the middle of the transept, the vista or nave, at right angles, extended ea^ 
and west 900 feet in each direction; the total length being 1,848 feat. This na\e was 
72 feet wide, and 64 feet high ; and on each side was an aisle 24 feet in width ; and above, 
at a height of 24 feet from the floor, were galleries which surrounded the whole of the nave 
and transept. 

Beyond these side aisles and parallel with them, at a distance of 48 feet, were second 
side aisles, of an equal width to those already mentioned, and also covered with galleries on 
a similar level to the others. Bridges of communication were made at convenient dis- 
tances, to allow of an unbroken promenade, and from which a view of the several courts 
might be obtained. Tliese courts were roofed in, at the height of 2 stories, and were 48 
feet in width. Ten double staircases 8 feet wide gave access to the several galleries. 

After the transept and nave were marked out, the general arrangement consisted of a 
series of compartments 24 feet square, and as much in height ; these bays or cubes were 
each formed of 4 columns, supporting girders put together very ingeniously. One of these 
bays or gallery-floors, 24 feet square, containing 576 superficial feet, was calculated to 
support as many cwts., or 30 tons. 

The symmetry and strength of this vast building depended upon the accuracy with whidi 
the simple plan was drawn out, and much credit is due to Mr. Brounger, who superin- 
tended this portion of the work. He had to establish a series of squares of 24 feet, and this 
was admirably effected by rods of well-seasoned pine, fitted with gun-metal cheeks. 

Stakes were driven into the ground to mark the position of the columns, their precise 
centres hoing afterwards found by the theodolite, and marked by a nail on the top of the 
stake or pile ; and wh«n the digging commenced for the foundations, and there was a ne- 
cessity to move the pile, a right-angled triangle was formed in deal, and previous to the re- 
moval of a stake, a nail indicating the position of the column was placed at the apex of the 
triangle ; two other stakes were driven in, and the first withdrawn. The entire ground plan 
may be considered as composed of 1,453 squares, each containing 576 superflciid feet. The 
south front occupied 77, the east and west fronts each 17, so that the entiee parallelogp*am 
contained 1,309 of these squares; on the north side were 48 others, 3 divisions in depth, 
making an additional 144, thus completing the number stated. The nave, transept, and 
courts were formed by the omission of the columns, where their width required to be 
either 48 or 72 feet, and girders of sufficient strength were substituted to span the space 
where such columns were omitted. Had each of the 1.387 squares of which the plan con- 
sists had its complement of columns to have perfected each cube, 1,502 would have been 
required; but the formation of the wider openings occasioned only 1,106 to be employed* 
sp that, by the omission of a third, the courts, nave, and transepu acquired their admimd 
proportions. Each of the lt387 squares was 576 superficial feet, or a total of 798,912 
superficial feet. The columns being 8 inches in diameter,, the area of the section of the 
whole 1,106 was 380 superficial feet,' or the points of support were a trifle more than a 
2,000th of the entire ares, for tttgp»>s,102. 

When we compare the CrystsTPalaoe with one of the lightest constructed banlieas of 
ancient Rome, we are astonished at the difference in the proportions. For insteaee, the 
total area of the badlica of St. Paul without the walls of Rome, was 108,000 superficial 
feet } while the points of support were 12,000, or one ninth. The Crystal Palace, whidi 
was seven times the area of the basilioa of St. Paul, had it been oonstrueted in a simi^ 
manner, would have required 84,000 superficial feet fbr the points of support iT*i**J of 
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In the Saxon cathedrals, one third of the entire area was employed for walla and piers ; 
in ilio Pantheon at Rome, one quarter ; in St PauPs, London, one sixth ; and in most of 
the cathedrals constructed from the 12th to the 15th century, the same proportions are 
practised ; but we have never hitherto seen any attempt to lessen the proportions of the 
supports beyond a twentieth of the entire area, when the ordinary building materials, 
as brick or stone, have been employed, whilst in this instance iron columns are found 
sufficiently strong, when they have the proportion of a 2,C)C)0th part of the whole, or are 
one hundred times less in section than their points of support, estimated as a twentieth 
of the whole, and which we have considered as the lightest of the constructions hitherto 
practised; the round Temple of Claudius at Rome being the example. Tredgold 
calculated that an iron column of cast iron 8 inches in diameter, and 24 feet high, 
will carr^ nearly 50 tons, or 1,106, 55,300 tons; so that, if each of 1,387 squares had 
to sustain SO tons, there would be ample strength, this not amounting to more than 


41,610 tons. 

In preparing the foundations for the columns, great care was taken to arrive at the 
gravel, upon which a bed of concrete was thrown ; and it was estimated that ^ pressure per 
superficial foot of 2^ tons should be provided for. The concrete varied in depth from 
S to 4 feet, and was finished by covering the top with a surface of fine mortar, worked 
even and with a level face. On this was laid a base plate for each column, the lower part 
consisting of a horizontal plate having attached to it a vertical tube of the form of the 
column it was to carry. I'he length of these base plates was from north to south, so 
that the water brought down by the columns from the loof might run in the 
direction from east to west. Into the sockets, cast iron pipes 6 inches in diameter 
were inserted, for the purpose of conveying the water into the cisterns and tanks provided 
to receive it. 

At tlie upper portion of the base plate four holes were cast, in as many projections, 
which answered to others at the foot of the column to be placed upon it, which, when 
fixed, was secured by nuts. Between the shaft and its base, pieces of canvas dipped in 
white lead were introduced before the joints were secured, which were thus rendered water- 


tight. The columns were 8 inches in diameter, and those on the ground floor 18 feet 
inches in height, being cast hollow to allow of a current for tl)e rain water ; the strength 
of these columns was increased by four projecting ribs, and by the form of angular additions 
made to receive the nuts and screws. 

7As Crystal Palace at Sydenham had also the simple cube as the nucleus of which this vast 

edifice was composed ; and 
the simplicity of its form 
enabled the constructors, by 
a small variety of castings, 
to execute the whole. It 
was to this locality that 
the materials of the Hyde 
Park building were removed 
and readapted to a much 
more extensive erection. 
Three cubes, placed one on 
the other, formed the side 
galleries, as seen in the sec- 
tion, fig, 1 342 The omis- 
sion of six such cubes mea- 
sures the width and height 
of the nave to the level of 
the springing of the arched 
covering; such are the sim- 
ple proportions composing 
this vas^ structure. On the 
fpround-fioor is laid board- 
mg Ij^ inches in thickness, 

. J mch apart, upon Joists 

7 inches by 2^ inches, which rest upon sleepers 13 inches by inches, placed 8 feet apart 
The second tier of columns are 16 feet 7^ inches long, with connecting pieces 3 feet 4^ 
inches deep, and a similar girder to those below. The third tier of columns and connecting 
pieces in eveiy case are the same as the second. 
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CHAP. V. 

SPEOIAIi SUBJECTS. 


2861 to 2946. Mr. Gwilt wrote, in 1842, Chapter V., Public and Peivatb Buildings. 
The several sections were revised and enlai^ed and additional ones inserted in 1867, and 
figainin 1876. The progress in most of the subjects, as well as of others, has been so 
great of late years that a volume for each might well be written, giving the later 
examples and principles of arrangement. Aa it is a convenient place in this work for 
specially treating some subjects, the chapter is retained under a new heading. The 
seitions Ventilation op Buildings and Warming op Buildings are taken to Use op 
Materials or Practical Building, Chapters XIII. and XIV., and most of the other 
sections are inserted in the Qt/)88Ary. Ido student will find in the List op Books many 
works relating to the subjects, of which he may be in search. 


Sect. I. 


THEATRES. 

2947. A taste for dramatic representations prevailed at a very early period among the 

people of antiquity, and this was not diminished by the introduction of Christianity, oven 
when the temples were deserted and paganism seemed extinct. The destruction of these, 
however, was its concluding triumph. It would be a difficult matter to fix the precise date 
of the abolition of the pagan theatre, but it seems likely to have resulted rather from the 
falling into decay of the old theatres than from a disinclination on the part of the people 
to the pleasure they received at them. With the revival of the arts, the taste for scenic 
representations with the literature on which they are dependent. In Italy we 

find, ther ejjfiA JiPWpna at this period represented in very large enclosures, such as the 
amphitheiPf IsnstTOcted by Bramante in the large court at the Vatican, whence the 
taste soon tpread over all the nations of Europe. 

2948. The pleasure which flowed fi*om this renewal of an ancient art was at first con- 
fined to few, and those were either men of learning or select societies, who bore the expenses, 
and again raised in the country a renewal of a theatre much resembling those of the 
ancients as respected the form and disposition. To prove this, we need only cite the 
example of the celebrated theatre at Vicenza, built by Palladio in 1683, and designed in 
imitation of the ancient theatres. A full account of this building is i^ven in L'Origwe 
deW Academia Olympica^ jrc. Opera di Ottavio Mertotti Scamoezi, Vicenza, 1690. For 
dramatic representations this theatre is no longer liped, and at present it is only recog- 
nised as a monument of the extraordinary skill of the architect, and a memorial of the 
dramatic buildings of its period. The theatre at Perma, built by Aleotti, is another 
building belonging to the same class, and preserved, like the last-mentioned, as a curiosity. 

2949. When, however, the taste for scenic amusements began to spread, the sovereign 
princes, who alone could support the expense of such establishments, began to make them a 
necessary part of their palaces ; and the theatre, no longer a public and essential building, 
became what it now is, a place which served for the habitual amusement of those who 
could afford it. The drama again revived, and its history is an index to the edifices that 
rose for its representation. Becoming thus necessary for the amusement of the bettev 
classes of society, the establibhment of theatres was undertaken by individuals in almost 
every city, and oon^tition was the natural consequence. Then began the division of 
the theatre into difi^rent parts, the entiy to which was marked by (Afferent prices, and 
the separation of the common people from those of rank and fortune. 

2960. Italy does not contain so many theatres, nor of such consequence, as might be 
predicted from the taste of its inhabitants. Among the earliest of consequeiiee was that 
built at Bologna in 1763 by Antonio GalUBibiena (not to mention that built at Verona 
direction of the celebrated S(di liaffbi by Francesco Galli Bibiena), with a 
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interior distribution. In the Italian theatres there is almost invariably a certain feeling of 
grandeur and unity about the interior little to be expected from the ext/erior, which in no 
way leads the spectator to the suspicion of a fine Salle de Spectacle behind it. 

2951. France has the credit of having erected the first modern theatre that can be deno- 
minated an example in this species of monumental architecture. That to which we alludv 
is the theatre at Bordeaux, which is 325 feet in length, and half that measure in width. 
Whether we consider the exterior or interior of this edifice, everything is grand ; the 
accepsories are worthy of the whole, and the richness of the interior decoration is only 
equalled by the fine forms whereon the decorations are used. The ingress and egress are 
admirable ; and a splendid concert-room and magnificent staircases complete the destina- 
tion, to which it is so suited, as to afford the finest model of a theatre to which we can 
refer the student. The plans, &c. of this work were pabiished by its architect, V. Louis, 
under the title of Salle de Spectacle de Bordeaux^ atlas folio, Paris, 1782. 

2952. The principal points for the consideration of the architect in the composition of 
a theatre may be classed under the heads of utility, suitableness for the purpose, and taste 
in combining them. If^der the first head must be placed the accomplishment of two main 
objects, those of seeits(|an(l hearing what passes on the stage. These, indeed, are inti- 
mately connected with each other, and are entirely dependent on the form adopted for the 
plan of the interior, that is, the general form given to the boxes which surround the part 
before the curtain. We are not aware of any plan which, in this respect, is not based on a 
quadrangular, elliptical, or circular form. 

2953. The quadrangular form, besides its want of beauty, is not well adapted for ful- 
filling the objects with which we set out. In this, the greater number of spectators or 
audience who occupy the side boxes are so inconveniently placed, that, to observe what is 
going on, their heads must be turned sidewise, and they are hence in. a false position for 
the object. The actor being generally the point to which all eyes are directed, the spec- 
tator opposite the proscenium will look at him in a right direction ; but as the spectator 
removes to the extremity of the side, it is manifest that the angle in which the head must 
be turned becomes sharper, and the position is then painful. Besides this objection, the 
form is known to be unfavourable to hearing or to the propagation of sound. 

2954. The truncated oval is in some measure subject to the same inconveniences on the 
sides as the last-mentioned figure. It removes also a large portion of the spectators to a 
considerable distance from the centre of ihe scone, besides which, in the boxes near the 
proscenium, their seats tftnd in opposite directions to the actor. It has been to remedy these 
faults that the form of the horseshoe has been adopted, which is a sort of mean between the 
quadrangular and oval forms : and where the plot of ground is much longer than it is wide, 
it is a suitable figure, and one which affords the opportunity of increasing the number of 
boxes. 

2955. When, however, the circumstances concur in allowing it, the adoption of the 
semicircular plan is doubtless the best. It is a figure which allows each spectator to be at 
an equal distance from the scene, that also by which the spectators in adjoining boxes less 
interfere with one another, that which affords the means of all seeing equally well, that in 
which the sound is most equal ly distributed, and that whose uniformity and simplicity seem 
to engender the best decoration. The semi-elliptic, with the transverse axis parallel to the 
proscenium, has interior advantages in some respects over the semicircle; but it induces 
groat dif8culty in connecting the proscenium itself with the auditoij part of the house, 
and, by increasing the width of the proscenium, increases the perplexity in framing (as 
formerly) thereof conveniently for the painting rooms, and securely as respects the walls. 

2956. Upon the destruction by fire of Drury Lane Theatre a pamphlet appesred, 
entitled Observations on the Principles of a Design for a Theatre^ by Benjamin Wyatt, 
London, 8vo. 1811. These observations are so well worth the notice of the student that 
we shall close this section by giving the substance of them. The heads for consideration, 
says the author, are : — 

2957. First, The size or capacity of the theatre, as governed by the width of the 
proscenium or stage opening; and by the pecuniary return to be made to those whose 
property may be embarked in the concern. Second, The form or shape of the theatre, as 
connect^ with the primary objects of sound and vision. Third, The facility of ingress 
and egress, us materially affecting the convenience of those who ^ to every part of the 
house respectively, as well as their lives, in cases of sudden accident or alarm. F<mrih, 
Decorum amongst the several orders and classes of the visitants to the theatre, as essential 
to the accommodation of the more respectable part of those visitants, and consequently of 
great importance to the interests of the theatre. Fifth. Security against fire, as well in 
regard of insurance, os with relation to the lives of indivklTials going to the theatre. 

2968. The size or capacity will necessarily dep^d very much ou the width of the 
nroscenium or stage opening, inasmach as it is from the extremities of that opening that 
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A width beyond 40 feet seems to have been considered by the performers us inconvenient, from 
the space they would have to pass over in the business of the drama, but 50 feet appears now 
10 be the maximum adopted. A greater width, indeed, than that stated prevents the easy 
and secure working of the scenes, for the machinery is increased in magnitude and weight 
as the height and breadth of the scenes increase. In mere spectacle and scenic grouping a 
reduction in the width of the proscenium, and depth of the stage, reduces the number of 
extra performers, or supernumeraries as they are called, which become necessary for nlhng 
the stage. Again, every additional foot given to the stage opening increases the quantity 
of canvas used in the scenes, as well as the framing whereon they are fixed. ^ 

S958a. In the Edinburgh New Philosophical Journal, vol. xxvii., Mr. J. S. Russell gives 
some elementary considerations of certain principles in the construction of buildings designed 
to accommodate spectators and auditors, well worth the architect’s notice. In every large 
room, says the writer, a perfectly good seat is one in which, without uneasy elevation of the 
head or eye, without straining or stretching, we can calmly and quietly take any easy 
position, or variety of positions, which we may be disposed to assume, and yet may in all 
of them see and hear the speaker with equal clearness and repose, so as to give him patient 
and undisturbed attention. The object, then, is to ascertain in what manner the interior 
of a building for public speaking should be formed, so that throughout the whole range 
which the voice of a man is capable of filling, each individual should sec and hear without 
interruption from any of ,the rest of the audience, with equal comfort in an easy posture, 



acd m clearly u if no other Individual auditor or apectator were present {Sjsefigs. 1347. 
and 1348.) The position of the seats is first investigated. In the usual variety of station 
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^han a foot and less than 18 inches, so that these may be taken as the limits; that is, over 
ihe head of the person before you there must be a clear range of 12 or 18 inches, through > 
which the head may be moved upwards or downwards without interruption. In others 
words, that a straight line drawn from the speaker’s head over that of the anterior spectator 
shall intercept the straight line which forms the back of the seat of the posterior observer, 
%o as to cut off a height of 12 or 18 inches, within which the head of the spectator shall at 
times bo comprehended while sitting in a comfortable position. Thus let S (Jig, 1347.) be the 
speaker and X YZ bn three successive ascents ; then the line SX must fall below SY, lo ae 
to leave the space Yx* 18 inches aiZy. 

2959. Applying this formula to every individual place in the room or building, we shall 
have the form required to satisfy the auditors. Let feet be assumed as a constant 
representing the distance of one spectator behind anotlior, measured horizontally; and 1| 
feet as the clear space, measured on the vertical line, for the mean range of comfortable 
vision for each. If the level of the floor, that is, of the lowest seats, l>e already determined, 
the form of the interior accommodation maybe thus described. AY (Jig. 1348.), the 
height of the speaker, YX the level floor. From Ay take Yy = 4 feet. Draw yx parallel 
to YX. Take Ay to yar as to 2J, that is, as A, the range of position of the spectator, to dt 
the distance between the seats. Take horizontal distances 1, 2, 3, 4, &c,ssi2^ feet, prolong 
Ax to x'f then the height a:' to /=! J feet. Join Al and prolong it to or", and take a dis- 
tance ar" to m=slj feet. Through m draw Am, and prolong it to x'", and take x'"fia»l| 
feet. Continue the process in the same manner to p, y, r, «, t, &c., and the points will be 
found of the successive places which the heads of the auditors should occupy. 

2960. But it is not only in receding that the back 
seats must rise ; those too far forward may be also 
unpleasant. They are too low ; they also should be 
raised : but this must be done so as not to inter- 
rupt those who are behind. It may be accom- 
plished in a similar way; for, as formerly set off, 

1, 2, 3, 4, 5, 6, &c. feet (Jg. J349.), I is the first 
anterior point. Join Al, and let it cut the vertical 
line through 2 in x", the portion downwards x"/**!} 
feet ; then / is the point found. Join A/, make x "i 
*»1J feet; join Ak and x'"'i«wl^ feet; and so on. 
y. A, t, A, /, are the places found which the heads of the 
iqi>ectators should occupy!, and show the elevation to 
be given to the seats successively. fir. iS4e. 

2961. If the simple process described be accurately performed, the points which indicate 

the places of the spectators will lie in the branches of a very beautiful curve, which may be 
termed the iseidomal or the isacoustic curve, that is, one of equal seeing or hearing : it will 
be of the form in Jig. 13.^0. 4 being the place of the speaker, and the heads of the spec-* 



tutors being placed on the line Amn, continued as far as the voice will reach, X A X being 
the axis of the curve, and YY its parameter. This curve has two branches on opposite 
sides of A, showing that if the building extend behind the speaker, or if the spectacle be 
visible or the sound audible on every side, the same may be continued all round. By 
means of this curve, the pipsition of seats in a theatre may be satisfactorily determined. 

2962. For any great Mcmblage, where it is desirable that one individual or group of 
tbdividuals should be seen or heard, an amphitheatre of this form might be constructed 
from the surface of revolution generated by moving the curve round its axis, which would 
pei^tly accommodate 10,000 individuals. 

2963. According to the arrangement of London audiences, Mr, Wyatt calculates that a 
theatre consisting of three fourths of a circle on the plan, with a stage opening of 35 feet, 
will contain, in boxes in four tiers, tour other boxes next the stage, a pit and two galleries, 

— -i..-;... ftvur boxes in the proscenium, and fourteen immediately under 
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2964. We have already given aome general hints relative to the form ; we shall hare add 
' the author’s view of this matter ; and thereon he very properly says that, with reference to 
^ distinct sound, the safest methodic to adopt a form known to be most capable of conveying 

sound with facility, to construct that form of materials that are conductors of sound, and to 
' avoid all breaks and projections on tlie surface of that form, because they obstruct and 
impede the progress of the sound. It is well known that a circular enclosure without 
breaks possesses the power of conveying sounds willi facility, as the whispering gallery in 
St. Paul’s Cathedral ; and that wood is an admirable conducting material for the purpose. 
Count Algarotti, in his treatise on the Opera, says, daily experience teaches us that in a 
box whose walls are naked, the singer’s voice is reverberated in a particular manner; it 
sounds crude and harsh, and by no means flattering to the ear ; the accents are quite lost it 
the box be hung with tapestry ; whereas they are reflected full, sonorous, and agreeable tn 
the car when the boxes are only boarded, which is an obvious proof, and confirmed by 
experience, that the best lining for the interior part of a theatre is wood, as is said to have 
been the cave in Her Majesty’s Theatre, burnt in 1867. 

2965. Whatever be the form of the theatre, it ought in every part to be limited in extent 
to such distance as the voice will distinctly reach ; and the nearer that figure conforms to 
the proportions wherein the natural voice is heard in each direction, the more equally will 
the sound be heard in every part of the theatre. Tlie experiments ti icd by Mr. Wyatt 
proved that the reach of the voice when moderately exerted was in the proportion of 
hbout two ninths further in a direct front line than laterally ; and that l)cing distinctly 
audible on each side of the speaker at a distance of seventy-five feet, it will be as plainly 
heard at a distance of ninety-two feet in front of him, declining in strength behind him so as 
not to be clearly heard at much more than thirty feet. Aceoroing,” says Mr. Wyatt, 
“ to these data, it would appear that the geometrical figure, which comes the nearest to the 
extreme limits of the natural expansion of the voice, is a semicircle of 75 feet radius, or 150 
feet in diameter, continued on each side to the extent of 1 7 feet, or in the proportion of 
about two ninths of its lateral expansion (fg. 

1951.) beyond the limits of the semicircle, 
and then converging suddenly until the two 
lines meet at C, behind the back of the speaker.” 

But though the voice may be heard at these dis- 
tances, it docs not follow tlrat a theatre of this 
extetit should be erected ; indeed, it would be 
llbsurd to do so, for the actor varies his place 
almost every moment ; and as he removes from 
the centre, from which it has been a.ssumcd he is 
speaking, he would become inaudible to some 
parts of the audience as he receded from it. It 
Is evident, therefore, in planning a theatre, the 
radius or semi-diameter must be so reduced as 
to bring the extreme distance at which he may 
in any case be placed within the space of 75 feet, 
that is, that when the speaker is placed at the ‘ 

extremity of either side of the stage, his voice may be heard by those seated on the opposite 
side of the house. In the i&agram, the widest part of the theatre inscribed in the larger 
figure is 58 feet upon the level of the dress boxes ; and allowing 9 feet 6 inches for the 
depth of the boxes on that floor, by means of a projection of 18 inches more than the boxes 
above, there will be 67 feet 6 inches between the extreme part of the stage on one side and 
the back wall of the boxes on the opposite side ; but as the speaker is in no case placed at 
either extremity of the stage, and even if so situated, the distance between him and the 
opposite side of the house would be within 8 feet of the reach of his voice in its lateral 
direction, and 25 feet within its limits in a direct line, it hence appears that the circular 
is preferable to any other form ; and if we fix a limit for the diameter of that form, we are 
in possession of the rules which limit the length of the theatre, or the distance from the 
front line of the stage to the boxes immediately in front of that line. Taking 75 feet 
for the distance at which the voice can be heard laterally, as the space between the frant 
line of the stage and its immediately opposite boxes may occtunonally be in the lateral 
direction of Uie voice, the greatest distance from the front waU of the sti«e to the back 
wall of the boxes opposite the stage should not exceea 75 fleet, the limit the voice in its 
lateral direction, because of the turns of head which he must often make for the business of 
the scene, when that which was opposite might become lateral ; and thus those persona 
acting in the opposite boxes would bo 92-75 feet-= 17 feet beyond the reach of his voice. 

2966. The use of a semicircle without modification would', however, involve the exten* 
•Ion of the stage opening to an inconvenient width; and Mr. Wyalbe^y properly considers 
that the whole area of a theatre should contain little more than sniB ^rd of the space over 
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\rliicli the voice can reach ; “ the one,” he says, ** being (independently of the space 
behind the back of the speaker) a sujjgrficies of 11,386 feet, and the other of 4003.” 
This, he thinks, will compensate for tMfcsorption of sound consequent on the number 
of the audience, the woollen garments raoy wear, and the state of the atmosphere, and 
would ensure a good hearing in every part of the house. 

2967- According to the author’s statement, he recommends that the distance from the 
front of the stage to the back wa|^f the boxes immediately opposite should be about 
64 feet ; in the old Drury Lane iTwas 74 feet, and in the old Covent Garden Theatre, 
built about 1730, it was^ 54 feet 6 inches. In the Opera House, built by Vanbrugh, it 
was 66 feet. At Milan it is 78 feet. At the old San Carlos, at Naples, 73 feet ; and at 
Bologna, 74 feet. The distance in the late Oovent Garden Theatre was 69 feet 8 inches^ 
or nearly 16 feet more than it ought to have been. How, then, can people wonder at 
not seeing and hetfring in such theatres? See also the Table given in subsect. 2968. 

2968. In an opera house the band as it were sustains the voice, and the spectacle of 
the ballet is more addressed to the eye than to the understanding ; but even in that the 
theatre is universally too large for the pleasure of those who appreciate properly what is 
transacted in the scene. It is satisfactory to know that the theatre, which in our 
introductory remarks was selected as a model, should coincide in the main points here in 
question with Mr. Wyatt’s project. We are not certain whether he had visited it, but 
are certain that if he had he would not cMnge his opinion, 

2969. In respect of vision in a theak^lipe can be no question that the semicircle gives 
the best chance for the whole of the |p|K^ny^but the objections to it are, that it requires 
that either the stage opening should vyjHBpBivonient width or that the size of the house 
should be too small. It is therefore, wifBout modification, inadmissible. It is on this 
account that the ellipse, the horseshoe, and other flat-sided forms, have in later theatres 
been adopted, though it is manifest that a large proportion of the audience, says our 
author, “must be placed with their backs inclining towards the scene, and that in all of 
them (if the house be not of extremely ma// dimensions) the front boxes must be at a 
great distance from the stage; for in proportion as the sides shall approximate each 
other the front must recede, provided the circumference be not varied.” The summing 
up of the question on this head is thus given by Mr. Wyatt; “There is no object con- 
nected with the formation of a theatre which, in all its bearings, is of more importance 
than that the part of the house which faces the scene should be within a moderate 
distance from the stage. Unless that be the case, it is obvious that a very large propor- 
tion of the spectators must be excluded from a clear and distinct view of that play of 
the features which constitutes the principal merit of the actor in many of the most 
interesting scenes.” Mr. Wyatt does not believe that the height of the ceiling injures or 
affects the sound of the voice in the lower parts of the theatre, and observes that it must 
in every theatre “ be much too high to act as a reverberator or sounding board to the 
lower parts of the house.” But we do not agree with him on this point, and think we 
could refer him to more than oae theatre in the metropolis which is defective in the 
conveyance of the sound from this cause alone. Besides this, we do not feel quite certain 
that the diagonal line drawn from the actor to the upper tier of boxes should not be the 
regulating distance, instead of the horizontal one which has been mentioned above. 

2970. The following include many of the late suggestions for improving a theatre for 
the public, with those named in the former edition of this work. The mode of securing 
an exit free from fear, as well as from actual danger, has not been sufficiently faced ; to 
provide against the disastrous results of a panic is a work of greater physical difficulty 
than to render a building fireproof. For a stage manager to appear every night and 
explain the available means of egress, the attendant at special doors to shout “ here ” on 
being named (and then to vanish for the rest of the evening), might satisfy some persons. 
The paramount consideration is a sufficiency of exit^. Ingress and egress should be 
provided on each side of the house, so that whatever doors, passages, and staircases are 
pla^ on one side, there will be corresponding ones on the other. The spectators are 
thus divided and pressure avoided. The various tiers may in large theatres require more 
than one exit. It is important to prevent two crowds meeting in the street, such as the 

S it and the gallery, for the pathway becomes blocked. The difficulty on the ground 
oor is not great. 

A “ crush ” room and waiting room are wanted, where those having carriages may wait, 
and those who are going to wmk should be let out clear of them. 

Whenever two passages meet, by which an exit takes place, from that point onwards 
the passage should be double the size, in order to let the crowd pass easily. The passages 
and staireaset should be made direct, so that the crowd need not hesitate or stop the w^ 
stall. Loxse ballskai^ staircases give inse to much loanging about, which is bad. 

^ _ Jikv A* be avoided, as well as steps in passages, for which no 
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SloiHi^ eoiridon have been adVooBted, but them an not pnticable in lome 
locHlities. 

2970flk Evefy opening should be imtantlv and alwaTS practicable. All obstructions 
ehodd be lorbidden by jaw. Doorways ought not to be less than 6 feet wide, and the 
doors in most cases are best made sliding, or should open both ways, whether made of 
wood, wrought iron, cement, or terra-cotfca. Messrs. Chubb have lately invent^ a clever 
contrivance for dispensing with an att^ant at extra exit doors, consisting of a super*' 
imposed spring panel on the inside of the door, in which the lock is embedded ; with 
a slight pressure the double doors % open outward, and it is impossible to open them 
from the outside except by a key. Another invention is Walker’s new safety and escape 
dpor, consisting of an inner frame of a door which will open outwards, the usual outer 
frame opening inwards. Present doors can be adapted to the invention. 

29706. Two stone or cement staircases to the galleries are essential, although one need 
only be used as an entrance. The staircases for the upper parts should be as wide and 
AS easy as possible. Staircases should never be less than 5 feet wide (some writers say 
not more than 3 feet wide), tbe st^s to be all straight, no winders, 12 inches in the tread, 
and not less thau^ inches rise. They should be square, and be formed along an enclosed 
wellholci if any ; no windows should be permitted. A series of staircases aWlutely die- 
connected with each other has lately been urged ; the only doors on to it being at the 
top and bottom ; aU iron hand rail on each side. It has also been suggested that “ there 
should be an equal number of stqps to each fiigilli' M thirteen for headway and space ; the 
half-landing should be elliptical, every door llnali Open both ways, and folding, with an 
easy fastener. All these, in any case, ought beprovided in new buildings, and as much 
as possible in old buddings” (W. H. White, F.S.A.) In large staircases, which consist 
of a centre and two side iiightB, the central one should be equal in width to the two side 
flights together. In calcuUting the width, regard should in some measure be had to the 
number of persons which the part they serve will contain. The broad, long gallery 
stairs at the Italian Opera House, Covent Garden, with the door near the top, show a 
good arrangement ; they serve a double purpose, being at once a stairs and a waiting-hall. 
Oommunication with the wardrobe and the property rooms should be effected only by 
iron spiral stairs. 

2971 The “ crush room ” or saloon at the Italian Opera House, Covent Garden, is 
situated at the top of the grand staircase, and forms an ante-room for all those passing to 
the boxes. At each end of the room nre refreshment bars, to which all classes can thus 
resort, to the exclusion of none. Proper cloak rooms, with lavatories and water-closets, 
and refreshment rooms or bars, are necessary adjuncts. The various rooms required for 
the different departments will differ in every theatre, and the architect must obtain this 
information from the manager, before he sets to work. Near the orchestra is a waiting- 
room for the musicians, with cupboards fbr their instruments and coats, lavatories, &c. 
The music library should not be far away. A painting room over the ceiling of the audi- 
torium was formerly usual, also at the back of the stage, where the artist can paint against 
the upright wall. The carpenters* shops ai*e near to it. The property and armoury rooms 
must be near the stage ; and a vei^ well ventilated property shop. The theatre at War- 
saw is said to be very complete in its wardrobes. The dressing-rooms for men and women 
should bo kept ajpart ; the tailors’ and dressmakers’ shop and wardrobes just above them, 
and fitted with lifts to send costumes up and down. Supernumeraries’ and soldiers’ dress- 
ing-rooms are also required. A large magazine near the stage, to keep the stock, scene 
cloths, and wings, properly fitted with racks and grooves, to stow them away in good order. 
Green-rooms, or waiting-rooms for men and women, so that no one should be on tbe stage 
who is not immediately concerned in the acting. The passages to have plenty of swing 
doors to prevent draughts. Proper apartments for firemen, hall porter, and housekeeper ; 
kitchen and cellars ; ’rooms for the manager, secretary, treasurer, chorus and solo prao^ 
tice ; and lavatories, ^Irc., throughout the house. A box oflfice is usually provided near 
tbe chief entrance, Large and dry cellarage is a desideratum, in which to stow unused 
properties. 

2971a. With the exception of the dressings and interior omamentif of the building, it 
would be possible, though perhaps somewhat inoonTenient, to erect a theatre, though not 
perhaps absolutely firepro^, yet very secure against fire. Small theatres can con- 
structed of concrete and cement and terrarcotta, from its mdeibrm as common brick, to 
SI air treads; all the finishing touches would ho of the ordinary materials of theatjw 
building. Iron should never be depended upon except as a stiffener, and then buried in 
concrete. Stone should be exdudea. Floors to be of cement floated on concrete, such aS 
Wilkinson’s improved granite concrete, having arched undersurface betwecigifon girdeirs; 
also with iron joists forming a parallel landing about 6 inches thick fbr lan^ugs and coi^ 
tidors ; and for paving, &c. ; steps can be fi>rmM of it singly fi»r fixing, or formed ^ sifa 
u ith moulded or plain sofite. As a matter of primary impokanee^ tiif aadtlis 
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Uage^ with it« accessory apartments, should be, as far as possible, two distinct structures, 
by making the wi|,ll between them of brick or concrete of sufficient thickness, and car- 
rying it considerably abote the roofs ; it should hare as few openings in it as possible, and 
all of them should be fitted with fireproof door;/#. 

29716. The proposed iron curtain or door to this opening, as at the Prince of Wales’s 
Theatre, has beta taktn exception to, on the grounds that it is cumbersome, costly, 
absorbs heat rapidly, and is slow in working. A single plated curtain may be liable to 
buckle and to become a sheet ot led-hot metal. At several theatres Messrs. Clarke, Bunnetfc 
& Co. have made a curtain of two screens of wrought iron plate Jth of an inch thick, 
having an air space of 6 inches between them. The framework is formed of longitudinal 
and transverse T angle iron, with external channM,iron frame perforated, so that a 
current of air is continually passing between the two screens The top poriion of tlio 
curtain is riveted to double wrought iron girders, secured to the head of an hydraulic r.ini, 
which, with the cylinders, are fixed and bolted to the proscenium wall, which vivries in 
thickness from 14 to 18 inches. The movement of the curtain occupies about 30 seconds, 
in Ascending or in descending; it is caused by pulling a lever, and the curtain stops auto- 
matically as it reaches the stage level. The lever can be worked from the stage or in 
the box-office, where it would be under the control of persons remote from the fire. 
The new iron curtain for the Com^die Fran<^*aise, by M. Edoux, can be set in motion from 
various parts of the theatre 

2971c. A simpler form of curtain is composed of asbestos, at a less cost. At MancUebter 
it has been applied at the Queen’s Theatre, and at the Comedy Theatre. At the latter, 
the curtain runs in an iron groove closely fixed to each side of the brickwork. Being used 
nightly in place of the green curtain, it is constantly in working order, and can be 
dropped instantly. As to the curtain invented by Max Clarke, Mr. Emden considers that the 
fiilicate cotton, with which it is lined, has “ no texture,” and would oonsequoritly be liable 
“to sink down apd become dense at the bottom of the curtain, while the top would te 
thin” and inefficient. He also considered that “no curtain has been invented which, in 
the ordinary theatre, would readily cut off the auditorium from the stage for more than a 
limited time.” Messrs. Jones, however, state that with “ a curtain properly constructed and 
lined with silicate cotton, the auditorium would be cut off from the stage for any length 
of time” — say a whole weak {BriUsh Architect^ March 30, 1888). A fireproaf curtain put 
forward by Capt. W. E. Heath is described as “ to be of asbestos cloth quilted on a 
strong canvas, rolled on a roller over a narrow tank of water, and in unrolling it passes 
under another roller at the bottom of the tank, thus rising perfectly saturated,” A 
further description is given in the Proceedings of the Inst, of Brit. Architects of February 
23, 1888, p. 174; and in i\iQ Architect, February 17, p. xiv. of Supplement, 

Sufficient has perhaps not been said in this work as to the use of silicate cotton or slag 
wool, a pure miueral fibre, manufactured from iron slag, and quite incombustible. The 
best non-conductor of heat or sound yet discovered ; as a non-radiator of heat or cold it 
is well established ; and acts well in preventing the transmission of rarefied air, and 
arresting the spread of fire. It may be applied in a loose or natural form, as packir^; 
woven with yarn or wire into sheets and strips; t)r felted in conjunction with wire 
netting, and put on similarly to ordinary felt. One ton will co\or 1800 square feet 
of one inch thickness. It has been referred to, s.v. “Pugging,” par. 2247. The 
advantages of this useful material are well described in the British Architect, April 6, 
1888, on ihe reports of W. H. Stanger, F.C.S., with the experiments on its fire-resisting 
qualities. ' 

2971tf. Johnson’s patent fireproof wire lathing, hy which any partition or ceiling is 
rendered practically fireproof. Metal laths, on Edwards’s patent, for use in the con- 
struction of fire-resisting ceilings, partitions, and doors. With his dove-tailed corrugated 
iron sheets (Hyatt’s patent), for tho same purpose, partitions are formed of Portland 
eSAient, concrete, and iron only two inches thick, the metal being completely protected. 
The “fibrous plaster” slabs Wilkinson and Co., and of Hitchens, are intended for 
lining walls, ceilings, and floors for fireproof purposes, as noticed par. 22466. Fireproof 
flooring of various sorts are noticed par. 1903/. «/ se^. ^ i 

2971a. Wood can no^ be protected by various paints, for which reference can be made 
to the previous chapter, s v. Paintiko. Among them are, Asbestos fireproof paint, also 
water-resisting; colourless fireproof liquid “antiflame” for fireproofing fabrics; also a 
fireproof stain. Griffith's pgrodstie fireproof paint is etated to rendhr wood of all kinds 
and fabrics absolutely flame-proof by bemg simply soaked with i^ and can be applied hy 
anyone 227^’). It was supplied to the Manchester Exhibition, 1887. Sir Seymour 
^aine’s nrepro^jpaint was need (1887) at Edward Terry’s new theatre in the Strand. 

J Thtf^msisst material, as canvas, hanging, dresses, ^uzes, ficc., can now, 

1^ some eolation, chemical treatment, also be mdered ineapable of bursting 

into fiaiittS. The now moet commonly. Iis^ for this purpose are alum, 

borax, phosphate of dbdb, sa^Haatmoniac, ^nd tun^^te of soda (a “ firepf^c^ staaeh ’* 
% ^ 1 ' ’ r . 
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prepared with It was first introduced by Donald NicoU, ex-eherifi’ of Lcmdon). This 
tuug^state is considered the best, but aa, if used singly, it is apt to become insoluble and 
to rub off, the addi||pn of about 3 per cent, of ^osphate of soda will diminish the ribk. 
iLARer the ordinary washing the goo^ should be immersed, before wringing and drying, in 
Ht solution contaffflag 20 ]^er cent, of tungstate, with a proportionate quantity of phos- 
Iphate. Alum acts injunously on the fabrics, especially if coloured. The others are 
I cheap and commonly hornless. 

I 2071^. The electric lighting system should be used in preference to the common gas 
System. It has been put up at the Savoy and the Criterion Theatres in London. Any gas 
bnrners should be properly protected, and no infiammable substance used. 

2971 A An exit for smoke is advocated to be formed over the stage and over the prosce- 
niuilitf^Firembn to be always in attendance with hose, capable of being attached to hydrants 
fixed at convenient points, the water being supplied from a tanl^ and also from the water 
mains. The supply of water from large reservoirs provided in the upper parts of the 
building is a precaution which should never be omitteA though late fires have shown they 
are never in order when required. Pipes may be laid on from them to those parts, such 
as the carpenters’ room, scene room, and painting-room, where fires would be most 
likely to break out, and where if they did break out they would probably be most 
dangerous. The necessary fireman’s arrangements, with tell-tale clocks, &c , must be 
duly provided. 

2971*'. The automatic sprinkler ” is advocated by many, to be fixed over the flies and 
over the roof of the auditorium. They have been intr^uced at Mr. E. Terry’s new 
theatre in the Strand. A hollow girder was advertised in 1861 by William Hood for 
holding water, which could be played on a fire without opening doors and windows to get 
at it. This was objected to for many reasons. This is now stated to have been “ the ingenious 
invention of Jethro Robinson, who introduced the system to E. T. Smith, who used it at 
Astley’s Theatre.” Sinclair’s “ automatic sprinkler” has found favour lately in America, 
where it was adopted in various ways in warehouses. Insurance offices are said to have 
reduced the premiums in conse<^uence of the use of the system. The water jets leave not 
a space outside the range of action. Once fixed they work of themselves when a tempera- 
ture of 155 degrees arises where they are placed. All the apparatus is tested to a 
pressure of 500 lbs. to the square inch. Hannays patent pneumatic principle is applied 
for chamj^r the tubes with air as a protection gainst frost. Dick’s Fire Queen extinc- 
teur is^^^kde and self-acting; a gallon of its contents (water superHsaturated with 
carboni^Ww gAs) is stated to be of more value than 30 gallons of water. 

2971 A Mr. R. S. Ash, of Monaco, in a letter to the Zt'TTtaa, August 1887, suggested that 
each theatre ^ould have a fire-guard room, disconnected from the main bnildiog. From 
it a series of water pipes should pass to those parts specially menaced with fire. In 
response to an electric summons, the man in charge would be enabled to turn on one or 
more or all the pipes. One pipe should be specially prepared to saturate the curtain, or 
to act as a falling sheet of water if the curtain be up. People are rarely burnt to death 
in a fire, but are suffocated by the carbonic acid gas, the want of air, the smoke, or the 
intense heat. The pipes are not exposed to rust, it is stated, but unless they ire used 
oceasion^y, it is feared they will rust. The guardian, it is supposed, will not experience 
the feelings of panic, and so will be prepared to obey the summons, and, if the town 
supply of water is working satisfactorily, water wonld be delivered immediately where 
needed.” The Asphaleia Company, on whose system the new Opera House in Buda- 
Pesth, and the Stadt Theatre at H^U, have been rebuilt, have sent over a model qf their 
system lor exhibition ; it was explained by Mr. Walter Emden, in his paper on Tkeairee 
and Fireproof Conet^Hon^ read at the Society of Arts, January 25, 1688. 

29711. A Modern Fireproof Theatre, Edwsid Terry’s, in the Struid. Almost the whole 
of the structural portions are of inoembustihle materials, and the limited amouot of wood* 
work has been coated with fireproof paint Ironwork has been thoroughly eased in con- 
crete ; the flights of stairs are generally of concrete^ the corridors and floors chiefly of 
mosaic and cement, the panelling is in fibrous plaster, the gallery seats are of concrete. 
The isolation of the auditorium from the sta^ is complete. The proscenium wall rises 
some 20 feet above the auditorium roof, and Iron doors dose the openings between the 
two parts of the house, while tm asbestos drop eortmii, stretched on a mebil finunework* 
fills tlie proscenium opmiing, and is to be used as ftn ordii^ry green euxtaui. Bdbind 
this curtain, besides the finproof nature of the materials used, sU the meodweric has 
been coated with the fireproof solution called Pyrodene, prepar^ by Messrs. Griffiths 
Brothers. ^ A thoroughly efficient system of automatic nsrinklers ana Gm elsetrie light 
have been introduced, in both the rooii diroet eKbausts hare been jfbnas^M^ m to eany 
off the ordinary heat, and in ease of firs to draw up and extract the ihldke and gaits 
gsoeratsd. An efficient hydn^ actvice is provided all over the houssw Akhoitf the 
^j^satre Json^ ssHmated to aceommodathtbout 800 persems, rndtsharq bsen pmiMibriUi 
asssmWT of 8.800 parsons. £adi paH cf ^a house has two cr on tiro sidss 
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of the building. The corridors end gangwflys generally average 3 feet 6 inches to 4 feet 
in width. Plain directions are painted over each opening out of the auditoriura, which 
openings can be available for ordinary use. The doors are fitted with a specially con- 
btructed lock, invented by Messrs Chubb and Mr. Walter Emden, the architect, which 
can only be opened from the outside with a key, a push from within opening it without 
difficulty. {British Architect for October 21, 1887, p. 295.) 

2971^. There are now two new theatres in London wnich are considered fiiirlv fire- 
proof, and the “ Coi^t ” at Sloane Square may be a third, ns regards inflammability. 
As to any advance in plans and sections, there have been two plans prominently put 
forward this year (188 3 ). One father <^d by Mr. Henry Irving and Allied Darbyshire, 
architect, drawings of which wore published in the l)ail^ Telegraph of October 29, 1887. 
Another was brought forward by K. Nevill, architect, in an extensive paper read 44K*the 
Royal Institute of British Architects, Dec. 9, 1887 (discussion); and reported in^ Bri^ 
ceedings of Jan. 26 following. Another is by R. M. Roe, architect, printed m the Proaesi^ 
ings of Feb. 23. One by J. Q-. Buckle, architect, described in his work, and dedicated to 
Wilson Barrett. And lastly, by E. J. Tarver, architect, whose drawing is given in the 
British Architect for March 23. “ Managers who contemplate new structures will have 
to form their own judgments and selections according to what may be the individual 
characteristics of the ground and neighbourhood. The Darbyshire plan is for a house 
detached all round, and with one gallery only. The Buckle plan is for a place where an 
underground house is needed. The Tarver plan is for a theatre above ground, adaptable 
to any site with one side open and the pit partly or wholly sunk.” 

29 7 In. Many of the bad features of construction and arrangement in modern theatre 
building are stated to be often due to the proprietors or managers ; the architect has 
not his entire way in the matter. The expenses of a theatre are very great, and the 
amount of the ground rent is an inducement to the site being made as small as possible. 
Any extraneous provision must necessarily entail cost and occupy space. 

2972. Foreign theatres are not considered good examples for the study of an English- 
man, as the habits of the nations are so different. Abroad, too, theatres usually stand in 
open squares, as at Hanover, Munich, Berlin, Dresden, and Darmstadt; not in back 
streets and crowded thoroughfares. TTie new Opera House in Paris is essentially a 
government establishment, and would be wholly useless in England, where a theatre is a 
private speculation. It is an exaggerated and badly proportioned copy of Munich theatre, 
with which it will not compare for compactness. It seats only 2,000 people. One of 
the best studies of a house on the balcon principle is that at Mayence, given in Fer- 
gusson’s Handbook, The theatre at Darmstadt has been the type lor those at Munich, 
Berlin, Moscow, and other places. But their passages and front arrangements are all bad 
for use in England; the idea being to collect the people into the entrance hall for show. 
The Victoria theatre at Berlin is a double theatre, one for winter, with another for summer. 
The theatre at Dresden is round, following the form of the interior. It has been lately 
suggested that the orchestra floor should be much deeper than is usual, so as to hide the 
movement of the instruments, which often spoils the illusion of the scene. In England 
the stage is always made on the incline; in Germany it is flat, which arrangement has 
become very general abroad ; as in the double theatre at Berlin, 

2972a. We have availed ourselves largely of papers read at the Ro^al Institute 
of British Architects, in which will be found further remarks upon the lighting, ventila«^ 
tion, and fittings required for these structures: On the Constntetion and Building of the 
Boyal Italian Opera HousCy Covent Garden^ by its arcnitect, Mr. E. M. Barry, Feb. 6, 
1860 ; and On the Construction of TheatreSy by Mr. Warington Taylor, Dec. 19,^ 1864. 
The Builder, Building Kewsy Architect y and British journals, contain descriptions 

of most of the numerous theatres erected at hdme and abroad of late yem, and to these 
publications the architect can resort for further views on the several important points 
touched upon by us herein. The Metropolitan Board of Works and, later still, the London 
County Council have issued numerous regulations for the arrangements in theatres to 
endeavour to secure the safely of the public. 
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Sect. II. 

HOSPITALS. 

^73. The bulld’nffs called hospitals are devoted to the reception of those persons who 
may bo suffering from disease or accidental injuries. 'I’o this sort of building will tliis 
section be chiefly devoted. The same name has been given to a building for the reception 
of travellers; for the temporary accommodation of the destitute ; for the maintenance and 
education of youth ; and for the support of meritorious and indigent persons ; the hospitals 
of Greenwich and Chelsea are goud examples of establishments of this latter class ; 
the former building, indeed, adds to its other excellencies a magnificence in the archi. 
lecture worthy the object, though not so or ginally intended. 'Die Hotel des Invalides at 
Paris is another monument worthy of all praise; and indeed wescarcely know a quadrangle 
more imposing than the court of this edifice with its double tier of area 'es. This hospital 
contains 7,000 veterans, and has attached to it a library of 20,000 volumes. The building 
erected for the alleviation of incurable diseases is properly an injirmnry, and might be 
termed an almshouse. 

2973a. To the honour of mo‘'t of the nations, but few cities are now unprovided 
with one or more hospitals. In Milan there arc so many of sucli buildings that it has 
been remarked that no one has need to pay for advice. I’he governments of France, 
Russia, Germany, and Turkey support these institutions; but in England, with the excep- 
tion of Chelsea and Greenwich Hospitals, they depend upon tlie charity and foundations 
of benevolent individuals, as at Guy’s, St. Thomas’s, Bartholomew’s, and the many other 
hospitals of London. There is great reluctance often on the part of the poor to enter an 
hospital ; and on this account we do not think that money ill bestowed which tends to im- 
part to it an agreeable and cheerful exterior. It is almost unnecessary to insist upon the 
thorough warming and ventilation of the edifice: no means should be omitted to render 
the place wholesome, and to prevent infection spreading from one part to another. The 
hospitals of a city should be seated in the least populous part, if the health of the city be 
consulted, or in each suburb; in which latter case the establishment would be nearer the 
quarter it is to serve, and more accessible in n short time in the case of accidents. 

2974. The plajns of some of the finest (but old) ho‘;pitals in Europe are given in 
Duraril’s Parc^^ffll^ikiificest 1801-9. Among them is that of Milan. It was commenced by 
Filaretein 1457, and is of course in a half.Gothic style. The men arc placed to one side 
of a central cloistered court, which is 210 feet wide and 243 feet long in the clear, in a 
quadrangle 263 feet wide and 279 feet long, the cells being placed in the form of a cross of 
that size and 30 feet wide. In the intervals of the cross are four courtyards, on whoso 
remaining sides are rooms for the assistants. On tiie opposite side of the cloistral court 
are placed the women. In the middle of the narrow side of the great cloister, opposite the 
entrance, is a church, which serves for the whole cstablisirmcnt. The cloisters of thelarge 
court and main body of the building are in two stories, so that they form galleries of com- 
munication. This edifice has served for a model to many others of an early date, but it is 
perhaps now considered good only for the pleasant promenades supplied by the corridors. 
The hospital of La Roquette, in the suburbs of Paris, designed by Poyet, was conceived on 
a magnificent scale, and was admirably planned. In this design each room, as well those 
on one side of the establishment for the males as those on the other side fur the females, is 
appropriated to one particular disease. Each of these rooms is about 32 feet wide and SO feet 
6in. high. Behind the beds (which are in two rows in each room) runs a passage about 
3 feet 4 in. wide, which removes them so much from the walls, and allow's therefore of the 
necessary waiting on the invalids, and hides the wardrobe attached to each bed in the 
window recesses. Above these passages, which are about 6 feet 6 in. high, is arranged on each 
side a row of windows, by wiiich ventilation as well as light is obtained. The ground 
floor contains the halls and offices necessary for such an establishment. The designs for 
this building were made about 1788, on the instructions drawn up, after several years* 
investigation, by a number of the most skilful and learned medical men of France, so as 
best to unite health and convenience in such an edifice. One of the conditions prescriberl 
by their programme was the complete insulation of each apartment, as well as an easy 
communication by covered galleries round the building, and these were required to l>e of 
such extended dimensions ttiat the air around should be unobstructed and circuiatingin 
•very part with freedom, thus affording a wholesome promenade for the patients. 11)6 
pum, however, was not continued. 

2975. In France the hospital of St. Andr^ at Bordeaux, designed 1825-9 by J. Burguet 
for 728 patients, was considered so^ood in its arrangements, that they were followed in the 
h5pital du Nord, afterwards Laribenu^re, at Paris, designed 1846-54 by M. P. Gauthier for 
606 beds. This plan of making a distinction between domutories for the comparatively 
healthy, and wards for tlie dick, and abolishing all communicatioiis by passages and stairs 
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between wards, was the important fea'urc of such estubUshments. This hospital has been 
the model for those desigmng later works. 

2975(1. The erection of the Victoria general military hospital at Nelley, commenced in 
1856 by Mr. Mennie, led to so much (orrespundence, investigation, and contradiction, that the 
student is best referred to the journals between 1856 and 1858, when a plan was finally 
adopted, which met with the approval of Miss ^Nightingale. It is said to have pro* 
>ided averages of 1,515, 1,406, and 1,800 cubic feet per patient. The communicaticn of the 
wards with a general corridor and with the \(a!er-closets has been alleged as its chief fault,, 
but its plan should be compared wiih others regarded as models at the time, to obtain a 
notion of the great stride in the planning of these buildings. The controversy continued 
witli great advantage, as it produced plans of other hospitals considered as models on 
various imints, up to 1862, when the military authorities issued tlicir official plans for 
hospitals. 

29756. In 1865 tiie Social e Chirurgieale de ParU issued the then recent exposition of 
scientific views with regard to the reconstruction of the h6tel*Dieu and of hospitals 
generally. It demanded a minimum of 538 square feet per bed as clear space ofeiteoutaide 
the building; a innximum of two stories ot wards, and of 200 to 300 beds in each 
hospital, considering that two small hospitals are preferable to one equal to their united 
capacity, because the periodical and regular vacancy of wards has been attended 
with go^>l results. It considered that small wards of 15 to 20 beds are to be preferred to 
larger wards, and that the building should not only possess a day ward for convalescents, 
but another fur their meals. The wards should be separated by landings and rooms for 
attendants They should be completely isolated blocks, all liaving the same aspect, 
and being exposed without any obstruction to the rays of the sun, to the effects of rain, 
and to tlie action of tlie wind ; and they should be arranged in a single line or in parallel 
lines at iutervals.uf 260 feet or 330 feet, in order to obtain an efficient separation and a 
sufficient current of air. Finally it declares tliat no emanation from refuse or effluvium 
is to l>e tolerated ; and that no abundance of artificial ventilation compensates for an 
insufficient natural ventilation. (The journal, 1865, vol. xxiii. p. 170.) 

2975c. It has been strongly recommended that ward space for each patient, approach* 
iiig as near as circumstances allow to 2,000 cubic feet, with 144 square feet of floor, should 
be allowed for each bed : the ventilation to be obtained on the natural system; yet others 
mein favour of ariihcial ventilation with an ascenclinff current ; others fora descending 
current, which is adopted at the hdpital Lariboisiere to the extent of 12 to 14 cubic feet 
per minute; at the iiopital Beaujon 24 to 36 feet, which was inefficient ; and at Guy’s 
iiospital 40 to 60 feet, vvliich was successful. Fireplaces alone are considered inefficient 
for the purpose. 

2975d. The opinions expressed by the writers in the Builder journal during 1856*61, 
result in describing the correct plan as consisting of detached wards separate.'! at least by 
lawns twice as wide as the lieight of the buildings, each ward being enclosed by four 
separate walls, and having windows on two sides that open from the ceiling with double 
sashes glazed ; wuter-closcts luidera separate roof and divided from the wards by a corridor; 
the corridors continuous and close for 7 feet high, but open above with piers or columns; 
galleries, with seats in the gardens ; comfort of nurses’ rooms { and care as to finish of 
floors, &c. Besides the above publication* and various parliamentary reports, the works 
by Husson, sur Ua Bdpitaux, 4to. Paris 1862, and l»y Jaccoud, Nouveau Diet. &c., 

vol. xvii., fjvo. Paris, 1873, both c(jntain plans and valuable suggesiions. 

2975c. The new building of St. Thomas’s Hospital in London, designed 1865*71 by Mr. 
Henry Currey, has been described by him in a lecture read at the Royal Institute of 
British Architects, January 23, 1871. It may be supposed to exhibit all that is requisite 
to be provided in an hospital of a metropolis, for the accommodation of 600 patients. 
It b arranged on the pavilion principle, now generally admitted to be the best for hos- 
pital purposes, and being placed in a row is specially sniiable for the spate of ground 
on which the edifice is erected. The corridor, of two stories, with a flat roof over, con- 
necting the end? of each of the six pavilions, is 900 feet long ; they are placed at the dis- 
tance of 1 25 feet from each other, their axis being due east and west* The wards are S8 fleet 
in width by 120 feet m length, and 15 feet high, in which are placed twenty-eight beds 
on cacli of five floors, giving a cubic capacity of 1,800 feet for each patient, the b^s being 
placed 8 feet from centre to centre ; small wards for two beds, contiguous thereto, separate 
special cases from the others. Adjoining the passage are placed the sisters* room, the ward 
kitchen, and a room for medical officers. The staircssw arc wide, and have a tread of 
12| in., with a rise of Sjf in. The well-holes are occupied by lifts and ventilating sbafrs. 
The water-cloiets, lavatories, and a bath-room are attached toeach ward, and cut off from it 
by intercepting lobbies, with windows on botfi sides. There also are the foul linen and dust 
shoots communicating with the basement for external removal. ]>ortnitorie8 for the 
nurses and servants are placed iu the attic story. Ilie wards have flat ceilings, and the 
window 8 are carried up to it^ to ensure a thorough change of air in the upper part. The 
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sixtii or l&flt puvilion in designed for special dUeaseer, and the wards are therefore smaller. 
The floors of the wards are laid with wainscot as boiuig non-abaorbent, and tonga«>d with 
hoop iron, and prepared for waxing and polishing; the walls are plastered with Parian 
il^ent with the same object, the fluisbiiigcoatof which is tinted to avoid the glare of tho 
white. The windows are constructed in three divislutis, the lower part being hung to open 
in the usual way, and the upper sash drops to the depth of the transom. They are glazed 
with plate glass. 

207A/'* The general entrance to the hospital is placed in the centre, and the hall forms 
substructure of tlie chapel. Near to it is the Kitchen department. On the first floor 
mwe resident medical officer’s department, two operating theatres, &c., placed between the 
ends of the blocks next the side public thoroughfare. The admi nistrati ve department is placed 
at the end, adjoining the bridge, in a detached building, and comprises the governors’ hall, 
commitfte room, counting-house, clerk and surveyor’s offices, the treasurer’s residence, and 
many other apartments necessarily required for so large an establishment. The training 
institution for nurses adjoins the matron’s residence between the first and second wards, and 
affords accommodation for forty probationers, each having a separate bedroom. 

2975^. The Warming and Ventilating Arrangements, — For the latter, the natural system 
is depended upon as much as possible, but in order to change the airduring cold and boiigterous 
weather and at night, a main extracting shaft is carried up in the well-hole of the stair- 
case, and in this is placed the smoke flue from the boiler, consisting of a wrought iron 
tube 15 in. in diameter. In the upper part of this shaft is also placed the hot- water cistern. 
Shafts are carried from the ends of all the wards, both at the ceiling and floor level, and from 
the centre of the si ore hereafter mentioned, communicating with a horizontal trunk in tho 
roof, which trunk is connected with the heated shaft previously referred to. To replace 
the air thus extracted, fresh air is introduced by means of zinc tubes laid between the 
“Dennett arching” and the floor boards, communicating with the stoves and hot-water 
coils, the whole admitting of regulation by valves. The wards generally are warmed by 
three open fireplaces, aided in cold weather by an auxiliary system of hot water. These 
€tand in the middle of the wards, with vertical shafts, an inner one of wrought iron 16 in. 
diameter, and an outer case of cost iron, the space between forming a ventilating shaft, 
which is connected with the main trunk in the roof. The smoke tube is carried down to 
the basement, from whence it can be swept. The ventilation of the lavatories and water 
closets is entirely independent of the wards, and is carried up the shaft in the river 
turret. That of the medical museum and school buildings, placed beyond the hospital 
buildings, is on the same general principle, the ventilating and smoke shaft being con- 
tained in the tower at the southern end of the building. There is an hydraulic lift to 
each pavilion. 

For the numerous other details the student must be referred to the paper itself, which 
contains a plan and perspective view of this admirably designed building. 


2976A. The sixth report of tho Local Government Board contains the report made by 
Dr Bristowe and Mr. Holmes on the inspection of all hospitals in Great Britain and 
Ireland, 

297o/. The first circular hospital erected in England was the Miller Memorial Hos- 
pital, at Greenwich, designed by Messrs. Keith D. Young and Henry Hall. The Burnley 
hospital was another, and then the Hastings, St. Leonard’s, and East Sussex hospital, 
which was opened in September, 1887 (illustrated in British Architect^ January 28, 1887 ; 
and Builder^ p, 180). The Antwerp hospital, the hospital at Hampstead, and the 
circular hospitals for the army deserve inspection ; but this Hastings hospital is tho 
most typical, and probably the most complete building on the circular principle which 
has yet been erectedfin this country, or indeed anywhere. 

297^’. In the rectangular ward, where the mirse’s room is at one end, while at the other 
is possibly placed the worst “ case,” that is, the patient "who is most severely ill, the nurse, 
as the day on, must find the whole length of that ward a great strain upon her 
physically. In the circular ward, the nurse can see all the beds except one— certainly 
except two— in the whole ward from any point in it ; nnd she has to travel the shortest 

n ible distance to get to any one patient who may need her services at any given time. 

lust not be regained as the most perfect system of hospital construction ; it is one 
type of construction suited to special cases, and one which deserves a fair and prolonged 
triil. (Henry 0. Burdett). Professor Marshall and P, Gordon Smith, Circular System 
{^'Hospital Wards, 8vo. 1878. 


297 dlr. ViixAQB Hospitxls. — Each village ought to have the means of aoeommodating 
instantly, or at a few hours’ notice, say four cases of infectious disease, in at least two 
separate rooms, without i^uiring their removal to a distance. A decent hmr-room or 
six-room ^ttage, at the disposal of the authorities, would answer the purpose. When 
such provision as this has been made, and eases of disease in excess of the atccommodation 
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occur, tht itch should not bo crowded together, but temporitj ibrther ptoTision bt 
made for tliettt. The fnost rapid and the cheapest way of obtai ning thle further accommoda- 
tion may often be to hire other neighbouring cottages ; or, in default of this, tents or huts 
might M ertcted upon adjacent ground. The regulation bell tent is 14 feet diameter, 10 
in height, the area of base is 54 square feet, and cubic space 613 feet. The regula- 
tion hospital marqu^ is 29 feet long, 14 feet wide, with side walls 5 feet 4 in., height 
to ridge 11 feet 8 in., giving a cubic capacity of a little over 8,000 feet. 

Mr. Geo Buchauan’s report (1888) to the Local Government Board, containing sugges* 
tions as to the provision of isolation hospital accommodation, with plans, is of high im* 
portance. r ® 

297AL OoNVALBSCBNT HOSPITALS, erected in the country for the ‘recovery of patients 
after they have been treated for their diseases in town hospitals, and then only requiring a 
short time of change and fresh air before returning to work, are now considered desirable 
adjuncts to hospital treatment. 

2976m. An Imbecile asylum is provided at the Poplar and Srepney sick asylum; 
Austin Bros., architects. 


Skct. III. 

INFIRMARY. 

2076. The word infirmary appears to have two opposite meanings. In one it designates 
a place for aged, blind, or impotent persons ; the other, a place for the cure of wounded 
or diseased persons ; such are hospitals, which buildings were originally called infirmaries. 
The infirmary proper is the place appropriated to the sick in a large establishment, such 
as an asylum, a prison, a workhouse or a school. Greenwich Hospital has an infirmary 
attached to it. 

2976a. Workhouse infirmaries were until lately greatly condemned for the want of 
accommodation ; the want of classification and separation ; imperfect ventilation, owing to 
the insufficient supply of cubic space, sometimes aggravated by etsential defects in con- 
struction: 600 cubic feet per bed only being provided where 1,000 feet at least is 
required; insufficient washing arrangements; and other comforts for the patients, as 
well as for the nurses, and officers, neglected. 

29766 The requirements of the Local Government Board at Whitehall for a pro- 
vincial workhouse sick ward or infirmary, comprise a separate building from the 
workhouse itself. The sick should be divided into: 1. Ordinary sick of both sexes; 
2. Lying-in women, with a separate labour room adjoining the lying-in ward; 3. Itch 
cases of both sexes ; 4. Dirty and offensive cases of both sexes ; 6. Venereal cases of both 
sexes; 6. Children of both sexes; and, lastly, 7. Fever and small-pox cases of both 
sexes. Classes 1 to 6 may be accommodated in the infirmary ; separate entrances 
for 3 and 6; a detached building with separate rooms for 7. In the case of la^e 
infectious wards, there should be a detached washhouse, otherwise a shed containing 
a copper, in which the linen may be disinfected by boiling before being taken to the 
general laundry. The xength of dormitory wards should be calculated according to the 
following minimum wall-space for each bed, in addition to that occupied by dc^rs or 
fireplaces, viz. : for inmates in health, adults 4 feet; women with infants 6 feet; children, 
single beds 3} feet, double beds 6 feet ; and for sick, itch, and venereal cases, 6 feet ; for 
lying-in, offensive, fever, and small-pox cases, 8 feet. The day rooms should afford 
accommodation for not less than one-half of those who occupy the day and night rooms. 
A minimum of 20 feet floor space should be allowed for each sick person. Sick wards 
should be 28 feet wide and 10 to 12 feet in height. Infectious wards should be 20 feet 
wide and 12 feet in height, and should have external windows on their opposite sides. 
The gangways should be in the centre of the wards ; but if a sick ward holds only one 
row of beds, which is not recommended, it should be at least 12 feet in width, and have 
the gangway and fireplace on the side opposite to the beds. The dimensions above given 
are coni^dered the most economical, ana at the same time the most convenient for the 
various classes of wards. Bat where they are not so constructed, there should be 

Floor space. Cubic space. 

In ordinary dormitories • • . • 86 feet 860 feet 

In sick wards . . . • * . 60 „ 600 „ 

la lying-in, ofifbnsive, and infectious wards • 80 „ 960 „ 

One room ora suite of rooms communicating by a gangway should rarely exce^ 90 feet 
in length. Such a room or suite of rooms may be conuectM with a similar suite in the 
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flame line by the central part of the bmlding, in which would be placed the apartments of • 
the nurses,* and other offices; or they may be placed in blocks, parallel or othorwisi^, 
connected by a corridor. Nurses* rooms aud suitable kitcheflfl and flcullerics should bo 
provided. Special means of ventilation, apart from the usual means of doors, windows, 
and fireplaces,, should be secured. Air bricks are suggested, 9 in. by 3 in. or 9 in. by 6 in.’ 
covered on the inside with metal, haring perf irations of about one-twenlietli of an inoh 
in diameter, inserted about 8 feet or 10 feet apart i-n the upper and lower parts of tluj 
external wall. The lower set may bo fitted with hit-and-miss gratings, made to lock so 
that they may be regulated only by tlio proper authorities. Ventilating fireplaces are 
useful. Where hot-W'ater pipes are used, they should run round the wards, and a portion 
of the fresh air pass over them. If no other system of warming be adopted, fireplaces 
should be provided in all inhabited rooms, say a fireplace to each 30 feet of length. The 
walls of all sick wards should be plastered internally. 

2976^?. Tlie infirmary for the Central London Listrict Schools at Ilanwell, designed 
1865 by Mr. Gale, accommodates 100 children of each sex. It forms three sides of a 
quadmngle, and consists of ten wards, five on each floor. Each ward hfis a nurses* room, 
two fireplaces, and set of bath room, water closets, &;c. ; six of the wards have double 
sots witli two entrances for the convenience of subdivision. The corridors are all pro- 
vided with open fireplaces and draw-off ^inks, with supply of hot and cold water. In each 
corridor, at a cciitral point between the various wards, is a lift by which provisions, &:c, 
arj sent up direct from the kitchen. 

2976d. The infirmary at Blackburn, erected 1858 by Messrs Smith and Turnbull, may 
be described as arranged on the pavilion principle, consisting of a main corridor, on eicli 
side of which are placed eightf wards alternating, each holding 8 beds in a ward, with 
their own set of bath it)oms and water-closets. In the middle and sepawiting the set is 
tile building devoted to a chapel, the neces.sary offices aud apartments, and the operating 
room, with tw’o w'ards of four bods in each. 


Skct. IV. 

PIIIVATK BUILDINGS. 

GENEUAL OnSEHVATlONB, 

2983. Private buildings differ in their proper character from public buildings as muen 
as one public building differs in character from another not of the same kind. The 
ends in both, how'ever, in common, are suitableness and utility. The means are the same, 
namely, the observance of convenience and economy. The same elements are used in 
the formation of one as of the other; hence they are subject to the same principles aud 
the same mechanical composition. Distribution, which is usually treated distinct 
from decoration and construction, and very improperly so, as applied to pi ’wute edifices, 
is conducted as for public buildings, that is, as we have said, with a view to utility and 
economy. 

2984. If the student thoroughly understand the true principles of architecture, — if he 
possess the facility of combining the different elements of buildings, or, ill other words, 
fully comprehend the mechanism of composition, wliich it has in a previous part of this 
Book (III.) been our object to explain, nothing will remain for him in the'compo‘*itjon of 
private buildings, but to study the special or particular conveniences required in each. 
There are some quaint old aphorisms of Dr. Fuller, prebendary of Sarum, which ar# so 
applicable to all private buildings, that we shall not apologise for transterring them to 
our pages. 

2986. “ First,” he says, “ let not the common rooms be several, nor the several rooms 
common ; that the common rooms should not be private or retired, as the hall (which is a 
pandochmum), galleries, &c , which are to be open; and the chambers, closets, &c., retired 
and private, provided the whole house be not spent in paths. Light (God’s eldest daugh- 
ter) is a principal beauty in a buildwig ; yet it shines not alike from all parts of the 
heavens. An east window gives the infant beams of the sun, before they are of strength 
to do harm, and is offensive to none but a sluggard. A south window in summer is a 
chimney with a fire in it, and stands in need to be screened by a curtain. In a west win- 
. doVr the sun grows low, and over familiar towards night in summer time, and with more 
light than delight. A nortli window is best for butteries and cellars, where the b6er will 
bo Hour because the sud smiles upon^t. Thorough lights are best for rooms of entertain* 
ments, aud windows on one ipde for dormitories.** 
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2986. “ Secondly, as to capaciousness, a house had better be too little for a day than too 
l)ig for a year ; therefore houses ought to be proportioned to ordinary occasions, and not 
to extraordinary. It vill bo easier borrowing a brace of chambers of a neighbour for a 
night, than a bag of money for a }ear ; therefore ’tis a ranity to proportion 9ie receipt to 
vin extraordinary occasion, as those do who, by overbuilding their houses, dil»pidate their 
lands, so that their estates are pressed to death under the weight of theiy house.” 

2987. “ Thirdly, as for strength, country houses must be substantives, able to stand of 
themselves, not like city buildings, supported and flanked by those of their neighbour on 
each side. By strength k meant such as may resist weather and time, but not attacks ; 
castles being out of date in England, except on the sea-coasts, &c. As for moats round 
houses, ^tis questionable whether the fogs that arise from the water are not more 
unhealthful than the defence that the water gives countervails, or the flsh brings profit.” 

2988. ^‘Fourthly, as for beauty, let not the front look asquint upon a stranger, but 
accost him right at his entrance Uniformity and proportions are very pleasing to the 
eye ; and ’tis observable that freestone, like a fair complexion, grows old, whilst bricks 
keep their beauty longest.” 

2989. “Fifthly, let the offices keep their due distance from the mansion-house ; those 
are too familiar which pres^ftoe to be of the same pile with it. The same may be said of 
^tables and bams ; without which a house is like a city without works, it can never hold 
out long. It is not only very inconvenient, but ratlier a blemish than a beauty to a build- 
ing, to see the barns and stables too near the house ; because cattle, poultry, and suchlike 
must be kept near them, which will bo an annoyance to a house. Gardens ought also to 
be disposed in their proper places. When God planted ft garden eastward, he made to 
grow out of the ground every tree pleasant to the sight and good for food. Sure heknew 
better what w.is proper for a garden than those who now-a-days only feed their eyes and 
starve their taste and smell.” I he same honest old dignitary (would we had some such 
in those days!) says, “ He who alters an old house is ty’d as a translator to the original, 
and is confined to (lie fancy of the first builder. Such a man would be unwise to pull 
down a good old building, perhaps to erect a worse now one. But those who erect a new 
hou.se from the ground are wortliy of blame if they make it not handsome and useful, 
when method and confusion are both of a price to them. ’ 


Sect. V. 


PRIVATE BUILDINGS IN TOWNS. 

2090. The common houses of the town are not those which will engage our attention. 
In London, and indeed throughout the towns of England, the habits of the people lead 
them to prefer separate houses for each family, to one large one in which ®cvefal lamiiies 
may be well lodged, or, in other words, they prefer rows of moan-looking buildings, with 
holes in the walls for windows, to the palaiial appearance which results in lar.s and most 
of the other cities in Europe, from large magnificent buildings with courts, and capable ot 
accommodating a number of different establishments. , The section will be fconftned chiefly 
to the arrarig^ont of a house of the first class ; and from what will be said, sufficient 

hints may be diuwn for the composition of those in a lower class. 

2991. The private buildings in a town are often in their composition beset with diffi- 
culties which do not occur in those of the country, where the extent 

ampl'er. These, therefore, may be isolated, and ^f^ceive light from eve^ «de. Their 
offices may be separated from the main house, and the parUs may be 
Bimplert possible mannsr; but in cities the site is generaUy more or less often 

very irregular iu form, and generally bounded by party walls. .Yet, with tWe 
ob8taoleB. it is necessary to provide almost as many conveniences as Me required in a 
country house; whence the disposition cannot be so simple in us appl^ton as 
there U no retraiut. AU that can be done ie to make it as much so “ »tu” of 
spot will permit, and to produce the niaaimum of comfort which the site 

2992. Nothing must be considered below the attention of an acwmplished arcbtec^. 
nor anything above his powers; he ought as cheerfully to undertake for the pmprietor to 
conduct of tL meanest Mttage as of the most magniBcent palace. Little w/l be 

to be said on the common houses of London, or other ciUesand town^ jn ^ 

seldom more than two rooms and a closet on a floor, with m J^^^LTow 

be varied ; but to general mode is to ct^tmet them mth a kitchen “ » Jopj 
the ground, and a room behind, serving for a variety of jpurpejes; an area in 
vaute under the street, and the same often in to rsM of to house. The space opposite 
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the deecending scdin will form a dark closet ; and the priviei, and wine and beer cellars, 
with other small offices, are provided in the vaults. On the gronbd floov there ie rarely 
more than a passage on one side, which conducts to a staircase ; and this requiring more 
width than the passage itself, the best room on this door is pla^ in front, and the back 
is a smaller room, often opening>on a small light closet still further in the rear. A yard 
is supposed behind, by which light is obtained for tl)e back room. On the one- pair and 
other floors the passage becomes nect ssary as an access ; the drawing or front room there- 
Hl^iruns over it, and becomes larger, capable, in the upper floors, of subdivision for 
|H!^oms, or other purposes, as may be required ; and the &ick rooms with their closets, 
if carried up, follow the form of tho»»* on the ground floor. Though little variety may be 
the result of the restricted space to which this species of house is usually conflnod, tho 
addition of four or five feet either way will enable an intelligent architect to throw in 
closets and other conveniences which are invaluable, as relieving a small house from tlie 
pressure which otherwise will exist in the different apartments. JBut this will be obvious 
to the practical man, unless he walks about blindfold. The houses we have just described 
may stand upon a site of about twenty feet by thirty feet, independent of the vaults in 
front and renr, and the back light closet, which is an invaluable appendage to a house of 
this description ; which is the scale of a second-rate house. 

2993. Of the next higher rate of house the varieties are too great to be described, 
because the extent of the largest arrives at what would be called a palace on the conti- 
nent, But, taking a mean between that just described and that last named, we may take 
one similar to a moderate one in Portland Place for example. In such a one must be 
provided, on the basement or sunk story, vaults under the street for beer, coals, wood, 
privies, and the like, the refuse or dust of the house. The body or corps de logis on this 
floor must contain housekeeper’s room, servants’ hall, rooms for butler and head footman, 
wine cellar, closets fqr linen, strong room for plate, with closets and other conveniences 
for the household. The ascending staircase must also have a space set apart for it. In 
the rear, under the open area behind, will be placed a kitchen, scullery, and the larder, 
with the other appendages of this fart of the liousehold ; an urea, covered, where the 
com muni cat ’on with the rest of the floor is made between the body of <hn house and tho 
offices in question Beyond the kitchen aro often vaults (though the disposition is some- 
times otherwise), over which the stables and coachhouses aro placed, openinff on the 
ground floor on to a mews parallel to the street in which the hplte kiituate. The ground 
floor of this disposition has usually a dining-room ia*4pflht, with a good-sizod hall at its 
side, leading to a stiiirciiso which ascends in direction of the long side of the house ; ami 
this is necessary when the rooms above are to communicate by folding doors. In some 
old houses, how( ver, the staircase ascends between the front and back rooms, and a back 
staircase is provided by the side of it. But more commouly this is placed beyond the prin- 
cipal stairs, to allow of throwing the drawing-rooms intoone. In rear of the dining-room 
is often placed a library for the gentleman of the house ; and beyond this, and further than 
the back stairs, when the lateral Staircase is used, a waiting-room, at the rear of which a 
water-closet may be placed, with a door from it to the area over the kitchen ; or there 
may be a communication of this sort from the waiiing-roora, which may serve the purpose 
of access to the stables. On the one-pair floor the disposition will be two drawing- 
rooms, a boudoir over the waiting-room, and beyond this a water-closet. On the two-pair 
floor two bed-rooms, each with a dressing-room, or three bed-rooms and one dressing- 
room, and a bath-room and water-closet. Above this four bed-rooms and closets may be 
obtained ; and, if necessary, rooms in the roof in addition. For a good house of this 
class, with the offices, the plot of ground should not be much less than 100 feet by 30. 

2994. Of tlie flrst-class of houses, as a model may be taken the town-house, in 
Piccadilly, of bis Grace the Duke of Devonshire, which, with the offices and court-yard 
in front, covers an area extending about 231 feet towards the street, and 188 feet in 
depth, whereof the house itself occupies a frontage of 163 feet and a depth of 168 feet, 
and opens on to a large garden in the rear. On the east side of the court-yard are dis- 
posed the kitchen and other domestic offices, opposite whereto, on tho west side, stand 
the coach-houses and stabling. The basement of the house contains apartments for the 
various persons attached to such an establishment. The principal floor, to which the 
ascent is by an external staircase, contains an entrabce-hall, 85 feet by 80 feet, and com- 
municiites to an apartment on the west side, 88 feet by 22 fbet, leading to the south* 
western corner room, which is 20 feet square. On the nolth of the lost is a room, making 
the north-west angle of the building, and this is 40 feet by 20 feet. On the east side 
of this last, and facing the Monh, is a room 88 feet by 28 feet, and in the centre of the 
north front, c<*rre8ponding with the width of the hhll, is an afiartinent 80 feet by 28 feet 
6 inches. To the east of the last is a room 88 feet by 24 feet, and east of that, farming 
the north-east angle, is a small room 21 feet square. Thus far these rooms, seven in 
number, are all an bat this is in some measure interrupted by the reminder of the 
eest flank, whicdi is ftlled with three smaller rooms. To that of them, however, at thfl 
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south, which is 20 feet square, a passage is preserred, and from that you enter another 
room, 23 feet by 22 feet, which once more- brings you back to the hall. Tiie staircases 
are between the north and south rooms on each side of the hall. Above this -floor are the 
lodging rooms, &c. The superficial area of all the reception rooms on the principal floor, 
added together, amounts to 5708 feet. Plans and elevations are given in the Vitruvius 
Britannicus, which contains other town houses of impottancoof the period, well worth 
the student’s attention. 

2996. Burlington house, Picc/idilly, before its late partial demolition, was in some re- 
spects— for instance, in its beautiful semicircular colonnade in the front court— considered 
superior to that just described. It can l>e hardly necessary to add that, in such edifices, 
rooms must be provided for steward, butler, housekeeper, stillroom-raaid, valets, ladies* 
maids, servants’ hall of good dimensions, &c , for a muniment room and ^r plate, both 
of which must bo fire-proof. Baths also should be provided on the chamber floor, with 
other conveniences which will occur to the architect. The rooms for pictures, if possible, 
should be on the north side of the building. The illustrated journals of the present day 
show the great changes which have been made in the requirements, and the size and 
number of the apartments, of all grades of society. 

2995a. During the last thirty years, however, flats, or residences in flats, have been 
largely adopted, and thv system appears to bo gainin^j ground in large towns for many 
classes of society. The paper by Mr. W. H. White, On Middle-class Houses in Paris and 
Cetiiral Londoti^ read November 19, 1877, at the Rojal Institute of British Architects, is 
suggested for perusal. 


Suer. VI. 

PRIVATE BUILDINGS IN THE COUNTRY. 

2996. Of first-class private buildings in the country, we approhoud we cannot furnish 
better hints than by describing that of Kedlestone, in Derbysniro, orcctod for Lord Scare- 
dale by Robert Adam. There are others w'hich are larpr, but we do not think any 
superior in distribution and effect. The plans and elevations of it are to be seen in the 
Vitruvius Britannicus above mentioned. The main body 
of the house M (Jig. 1352), is about 136 feet by 106 
feet ; and at each angle are quadrants of communicaticn 
to the four wings A, B, C, and D, which are each about 
70 feet by 64 feet. On the basement story of the main 
building are a large and small sub-ball in the centre, the 
former 67 feet 3 inches by 42 feet, and the latter 42 feet 
by 40 feet 7 incht's. On the right of these are disposed a 
butler’s room, 22 feet 6 inches by 17 feet 9 inches; a 
housekeeper’s room, and a steward's room, 30 feet by 21 
feet S inches. On the left, a bath, a gun-room, 23 feet 
9 inches by 23 feet 7 inches ; a smoking parlour, 28 feet by 17 feet 9 inches; a boot- 
room, 22 feet 6 inches by 17 feet 9 inches, besides closets, staircases, &c., on either side. 
The wing B contains the stables, a cJiapol, and other apartments. C, sleeping and other 
rooms, eight in number, with a staircase which conducts to the corridor in the corre- 
sponding quadrant. D contains the kitchen and its requisite accessories, and a servants* 
hall. This wing has also a staircase to its corresponding corridor in the quadrant, which 
attaches it to the main body. On the principal story, the main body M has at the 
entrance, which is in the centre, and approached by a noble flight of steps, a magnificent 
hall, 69 feet 3 inches by 42 feet, at the end whereof is a saloon 42 feet diameter. To the 
right, entering from the hall, is the principal staircase, beyond which, laterally, is a bed 
chamber 33 feet by 22 feet, with its accessories ; and on its end, towards the back front, 
are ante-rooms, and towards the front the dining- room, whence by the corridor is access 
to the kitchen in the wing D, and from the ante-rooms above mentioned the corresponding 
corridbr on that side leads to a conservatory in the back front of the wing, and the upper 
part of the chapel. On the left-hand side of the ball, with windows in the left flank of 
the main body, is the drawing-room, 44 feet by 28 feet ; at the end towards the rear is a 
library, which is continued in the corridor leading to the wing A, wherein is a music 
geiUery, 66 feet by 18 feet, with other rooms and a staircase. On the end of the drawing- 
r<»oro, towards the front, is a music roow, 36 feet by 24 feet, whence the corridor leads to 
Lord ScarsdnKs bedroom, 18 feet square, with dressing-rooms, and the lady’s lil>raT3^, 
which, on this floor, are in the wing C, The wing D is occupied by the upper part of 
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the kitchen, a laundry, 36 feet by 18 feet, and eome bedroome, to which access ]• by a 
gallery over part of the kitchen. The main body and wings contain a story over what 
has been last described, chiefly for chambers. Wo have before (in the First Book, figs. 
221, 222) noticed the splendid hall and saloon, which occupy the height of the whole 
building, anl are, though somewhat faulty in detail, very finely-conceived and well- 
proportioned apartments. The former is 40 feet high to the top of the cove, and the 
latter 66 feet to the level of the eye of the dome. Though the elevations exhibit defectfi, 
we are not inclined to quarrel with them in a dwelling which deserves rather the name 
of a palace than of a country house. 

2997. England abounds with country seats of this class ; among them is Holkham, 
which has already been mentioned in the First Book (611) ; but we know none for dispo- 
sition that can claim superiority over that which we have above described at length, from 
which the student may derive much information on the requirements in a mansion of the 
first class. It is to be understood that we here intend modern buildings. The houses of 
the times of Elizabeth and James are many of them magnificent structures, but the com- 
fort introduced into houses of later date leaves them, independent of their picturesque 
beauty, far behind the buildings of Kent, Carr, James, and many others. Blenheim is 
monumental in its design, and properly so, and hence does not fall within the category of 
this section. ^ ^ 

2908. There are, of course, many intervening degrees between the mansion we have 
just described and the villa of the re.ired banker or merchant: it would be impossible to 
state them in detail. We have given the maximum in the above case, and we shall now 
give the minimum for the class last mentioned 

2999. The smallest site of ground on which a villa can be well designed is, supposing 
it an oblong, about 80 feet by 66 to 60 feet. This on the principal floor will admit of a 
hall, a saloon or ante-room, which may lead to the principal apartments, a drawing-room, 
two secondary drawing-rooms, one whereof may be appropriated to the reception of a 
billiard table, a good dining-room, not less than 30 feet by 20 feet, a library of equal 
size, with other rooms, suitable to the particular taste of the proprietor, and the con- 
veniences and accessories which such a building requires. The ground, supposing the 
domestic offices to be under the principal floor, should be raised, so that they need not 
be much sunk below the general level of the land. If the building be seated on rising 
ground, a little more sinking may be allowed than under other circumstances, provided 
the lower story be protected by dry drains all round the building, to prevent the earth 
lying against the walls, because drainage, the most important of all things in a building, 
may then be obtained easily by the natural fall of the ground. But a villa need not be 
compelled to have its domestic offices underground; then their combination with the 
apartments will test the architect’s capabilities. The plot we have mentioned will admit 
of all the offices below which are necessary for the service of a good-sized family, and 
above, with only one story above the principal one, will afford a pretty fair allowance of 
dormitories ; but if a concealed story for servants be practised in the roof, there are few 
establishments on a common scale for which, on the plot, accommodation may not be 
provided by a skilful artist. The stables ai.d coach-houses and the greenhouses should 
stand apart. Some persons like to have these communicating with the villa itself; but 
the practice is destructive of symmetry, and very injurious (except in the villa on an 
irregular plan, which then rather approaches to the cottage arnk) to the general effect of 
the architecture. 

3000. The villas at Foot's Cray and Mereworth, imitations of Palladio’s Villa Capra, 
so often mentioned in this volume, and represented in^^. 1018, are the maxima of villas ; 
beyond this the villa becomes a mansion, and must be treated as one on a scale moi« or 
less grand, as the means of the proprietor allow the architect to provide for his wants. 
All precepts, however, on this head are valueless, because the architect is regulated so 
much by the convenience required. He must possess himself fully of that, and, attending 
to the general rules given throughout this work, but especially in this Third Book, he 
will find little difficulty in fulfilling thn commission with which he is intrusted. Among 
other mattf^rs let him well inform himself of what lias been done, and make himself 
master of tlie points involved in domestic economy, from the lowest to the highest grade, 
and be cannot, using that information, fail of givmg his employer that satisfaction which 
is the first care that should animate him. 

3001. The cottage orn4, as it is called, is a building snlject only to rules which tlie 
architect cliooses to impose uTOn himself. The only point to be attended to, after in- 
ternal comfort has been provided for, is to present picturesque effect in the exterior. The 
student should c^sult the work of Professor Kerr, The English GmiUman*s Sonee^ 8to. 
London, 3rd edition, 187 1» in which will be found a selection of the best examples of 
house planuing, a fund of us^ul observations ; while the illustrated jourmds of the 
present day exhibit plans and views of villas designed in the many peeuUaritieB of 
architecture adopted by the various professors of the art. 
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Sect. VII. 

FARM-HOUSE. 

3002. The mere building denominated a farm-house is simple enough in its distribution, 
and scarcely justifies a section here, because the persons engaged in agriculture have 
generally the best notion of the mode of suiting it to their own particular business and the 
nature of the farm they occupy. It is first to be considered whether it is expedient to 
place it close to the other buildings of the farm, such as the barns, stables, and stalls for 
c'ittle, &c. If so, it should be designed in character with them, and a large space of ground 
IS enclosed for the formation of a farm-yard ; which, notwitlistanding the seemingly re^ 
pulsive nature of the subject, may be made a very picturesque composition as a whole. 
The farm-house itself, though it must be sufficiently large to accommodate the family of 
the farmer, should be restricted in the size of its^rooms and the extent of its plan by th« 
magnitude of the farm, it being altogether an absurdity to plant a largo house on a small 
farm, not only because of the original cost, which the rent of the land will not justify, but 
because of the cost of the annual repairs which a large building entails beyond those of a 
smaller one. The same observation applies to the farm buildings themselves, which in 
extent must be regulated by the size of the farm cultivated. It is moreover to l>c con- 
sidered, in respect of tjjc latter, whether the farm be grazing or arable. In the first case 
more provision of cattle sheds must be afforded ; in the latter case more barns must be 
allotted to the cultivator. These, however, are matters upon which the architect receives 
his instructions from the proprietor, and whereon, generally speaking, he is himself incom- 
petent to form a correct judgment. 

300.3. In the commonest farm-houses the external door may open to a plain passage, at 
the end whereof the staircase may be placed. On one side of the passage may be a com- 
mon kitchen, and on the other side the better or larger kitchen, serving also as a parlour 
for the farmer and his family. Beyond these, on one side, may be placed the pantry, and 
on the other side the dairy-room, the last being much larger than the former, and being on 
the side of the parlour or best kitchen, not so liable to the heat. To these, as needful, may 
he added more rooms on the ground floor; the upper story being divided into bed- 
chambers for the family, with garrets over them for the servants. The kitchens should he 
placed upon arched cellars on several accounts, not the least of which is that the farmer 
should have the means of preserving in good condition the malt liquor or cyder which is 
the principal beverage of his establishment. It is a sad mistake on the part of landed 
proprietors, though common enough, to think that such buildings are not only below the 
care of an architect, but that he is too ignorant of the wants of the farmer to be competent 
to the task ; if, however, he will reflect for a moment, be must admit that the artist who 
can make the most of a large plot of ground, with numberless requirements in the accom- 
modation, is not less able to turn to the greatest advantage for the comfort of the occupier 
even a small farm-house. 

3004. In the erection of a larger farm-house the choice of the site, as before, must de- 
pend on the nature of the ground and the situation of the farm. Health and convenience 
are the primary governing matters. It must never be placed where it cannot be well 
drained. It should be central to the land, and as near the road as the conditions will 
admit For such a building the principal door may open into a moderately wide passage 
having therein a staircase to the upper rooms. On the right of the passage a common 
kitchen may be provided for the family, and on the left a room somewhat larger, which in 
very small farm-houses used to be called the best kitchen, but which in this may be really 
the parlour, where the family may sit retired from the servants. Under these, cellars, as 
above mentioned, may be provided. On the ground floor we may now add a bakehouse 
and scullery to the pantry and dairy provided in the first scheme, as also closets and such 
conveniences for the housewife. 'Fbe floor above may be extended over the additional 
rooms just mentioned, thus giving lodgbg room to a larger number of persons than to 
those contemplated in the first scheme. “ In this manner,*' says Ware, in his Complete 
Body of Jrchitecturei folio, London, 1756, “ the yoimg architect will very easily see how to 
enlarge or contract his plan for the building of &rm-houie8, according to the intended 
bigness.** . • . “ They all consist of the same number of rooms, and in general of the same 
number of offices ; this is where the bare article of convenience for fiirming is concerned. 
Where the inhabitant is grown rich, and intends to live in another manner, he may add 
what be pleases, which the architect may adopt** . • • “ It is then no longer to be con- 
sidered a fiurm-hotise, but as the bouse o{ some person of fortune, who intends to live os 
tb<»e independent of business do, but withal to have some ffirming in his eye.** When the 
iarm-house comes to this extent it trenches bard upon the condition of the villa, though not 
quite reaching it, because the latter includes many provisions for a refined mode of living 
which the y^man, the f^ride of England, does jwt require; a class which, we fear, the ma- 
nuikoturing and commercial desses aio. fiist annihilating. 
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Sect. VIU. 

COTTAGES, 

3005. “ F.stato«," olwerves Kent, ( HinU to Gtndemm of LanM Property, 8vo. t^oiulon, 
1776,) **bein}i; of no value without hands to cultivate them, the lalK>urer is one of the most 
valuable members of society: without him the richest soil i# not worth owning.*' It 
follows, then, that his condition should l>e most especially considered, and it is a dut^ on 
every country gentleman to take care that the labourers on his estate are so considered as 
to 1)0 made at least comfortable. ** The shattered hovels," says the same author, “ which 
half the poor of this kingdom are obliged to put up with, is truly affecting to a heart 
fraught with humanity." . . . “ UTie weather penetrates all parts of them, which must 
occasion illness of various kinds, particularly agues; which more frequently visit th,i 
children of cottagers than any others, and early shake their constitutions.” . . . “ We an- 
careful of our horses, nay, of our dogs, which are less valuable animals ; we bestow con 
slderable attention upon our stables and kennels, but we are apt to look upon cottages as 
incumbrances and clogs to our property, when, in fact, those who occupy them are the 
very nerves and sinews of agriculture.” We fear the neglect of the comfb^ of the cottager 
has given a greater impulse to poaching and other crimes than his natural propensities 
have induced. This, however, is not a matter for discussion here It Is not to be supposcui 
that we mean the labourer is to be placed in an expensive dwelling ; a difference of rank 
must exist ; and if the whole revenue of the country were divided among the population 
per head, it would be seen (as M. Dupin has recently shown in a most eloquent and 
sound address delivered in Paris as respects France) that the division of it per day, 
after allowing for the expenses of the most economical government that could be de- 
vised, would be such as would not satisfy the lowest class of labourer, much less the in- 
genious mechanic. ITiis is a matter so susceptible of proof, and so proper to be generally 
promulgated, that we have here gone a little out of our way lest we should be considered 
too urgent with respect to the cottager. 

SOOd. No cottage ought to l>e erected which does not contain a warm, comfortable, 
plain room, with an oven to bake the bread of its occupier ; a small closet for the beer and 
provisions, two wholesome lodging rooms, one whereof should be for the man and his wife, 
and the other for his children. It would be well always, if possible, that the boys and 
girls in a cottage should be separated ; but this unfortunately entails an expense, and per- 
haps is ndt so materially necessary, because the Imys find employment at an early age. A 
shed for fuel should be attached. 

Cottages should always be placed in sheltered spots, and as near as possible to the 
farm where the labourer is employed. The wear and tear of a man is not very dissi- 
milar to that of an engine, and it tends as much to the interest of the farmer as it does to 
the comfort of the labourer that all unnecessary fatigue be avoided. 

3007. In the erection of cottages it is not only more economical, but more comfortable 
to the occupiers, tliat they should be built double, or in twos at least. In those provinces 
where brick or stone can be obtained they should never be constructed with timber, and 
tiles, if they can conveniently be had, should always supersede thatch. Further observa- 
tion on this subject will be unnecessary, for we have ill delivered the principles of our art 
if the student f>e not now prepared to carry out the few hints on the subject of cottages, 
— buildings, in point of fiict, of importance paramount to the palace which the sovereign 
inhabits. 

The following remarks are by J. C. Loudon, and m extraetod from a “ Report to Her 
Majesty’s principal Secretary of State, from the Poor Law Commissioners, on an Enquiry 
into the Sanitary Condition of the Labouring Population of* Great Britain,” 1842. 

“ The esaemtial requieitee of a comfortable labourer’s cottage may be thus summed up : 

** 1. cottage should be placed along^de a public ro5, as being more cheerful than a 
solitary situation, and in order that the cottager may enjoy the iq>plause of the public when 
he lias his garden in good order and keeping. 

“ 2. The cottage should be so placed that the sun may shine oa every sidie of k during 
the day throughout the year, when he is visible. For thk reason, the front of the (iottage 
can only be paraiel to the public road in the case of roads in ^e direction of north-east, 
south-west, uor^-west, and south-east ; in aU other oases tke front must be placed oMiquely 
to the road, which, as we have previously skown, is gr«wtfy preamble to having the front 
parallel to the road. 

« 3. Every cottage ought to have the door elevated, that it may be %2 the walk double , 
or hollow, or brttened, (w not less than ei^iteen iaehea thick, that they may fotidn beatf 
with a coarse f slate or ilagttone, or tiles bedded in oement, six iiudies alarm the aurfree, to 
prefeattberidbgofdamp; the roof thick or diwihle^lbr the mire of wmrmtbj ami 
mg el|^iteeii iiMdietor two foetat the eaves, In evder to ke^ ^ walls d^, and 
radiatioo ofiieat from their exterior surfroe. 
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H 4. Itt vnrj cottage ought to be two stories high, so that the slee\>u)g rooms miy 

iu>t be on me gtounA lloor \ and the ground door ought to be Ctosn six inches to one ioot 
ibove the outer titr&ce. 

** 5. The ndmmam of accommodation ought to be the kitchen or living room, a back 
kitchen or waih*house, and a pantry, on the ground-door, with three bedrooms over ; or 
two rooms and a wash-house on the ground- door, and two bedrooms over. 

^ “ 6. Every cottage, incluiUng its garden, yard, &c., ought to occupy not less than one 
sixth of an acre *, and the garden ought to surround the cottage, or at ab events to extend 
both before and behind. In general, there ought to be a front garden and a back yard, the 
Utter being entered from the back kiteben, and containing a privy, liquid manure tank, 
place for dust and ashes, and place for fueL 

•• 7. If practicable, every cottage ought to stand singly, and surrounded by its garden | 
or at all events not more than two cottages ought to be joined together. Among other 
Important arguments in favour of this arrangement, it may be mentioned that it U the only 
one by which the sun can shine every day on every side of the cottage. When cottages are 
joined together in a row, unless that row is in a diagonal direction with reference to a south 
and north line, the sun will sliine chiefly on one side. By having cottages singly or in 
pairs, they may always be placed along any road in such a manner that the sun may shine 
an every side of them, provided the point be given up of having the front parallel to tlio 
road, a point which In our opiuion ought not for a moment to be put in competition with 
Ihe advantages of an e^^ual diffusion of sunshine. 

** 8. Every cottage ought to have an entrance porch for containing the labourer's tools, 
and into which, if possible, the stairs ought to open, in order that the bedrooms may be 
communicated with, without passing through the front or back kitchen. This, in the case 
of sickness, is very desiroldc, and also in the case of deaths, as the remains may be carried 
down stairs while the family are in the front room. 

** 9. 'Fhe door to the front kitchen or best room should open from the porch, and not 
from the back kiteben, which, as it contains the cooking utensils and washing apparatus, 
ean never be fit for being passed through by a stranger, or even the master of a family, 
where proper regard is had by the mistress to cleanliness and delicacy. 

** 10. When there is a supply of clear water from a spring adjoining the cottage, or from 
some other efficient source, then there ought to be a well or tank, partly under Oie floor of 
the back kitchen for drawing it up for use, as hereafter described in detail. The advan- 
tages of having the tank or well under the back kiteben are, that it will be secure from 
frost, and that the labour of carrying water will be avoided. 

“ H. The privy should always be separated from the dwellu^, unless it is a proper water- 
closet, with a soil-pipe communicating with a distant liquid manure tank or cesspool. 
When detached, the privy should be over or adjoining a liquid manure tank, in which a 
straight tube from the bottom of the basin ought to terminate ; by wliicb means the soil 
basin may always be kept clean by pouring down the common slops of the bouse. No 
surfiice being left from which smell can arise, except that of the area of the pipe, the double 
flap, to be hereafter described, will prevent the escape of the evaporation from this small 
surface, and also ensure a dry and clean seat. 

“ 1 2. The situation of the liquid manure tank should be as far as possible from that of 
the Altered water tank or clear water well. It should be covered by an air-tight cover of 
flagstone, and have a narrow well adjoining, into which the liquid should filter through a 
grating, so as to be pumped up or taken away without grosser impurities, and in this state 
applied to the soil about growing crops. 

** 1 3. In general, proprietors ought not to intrust the erection of labourers' pottages on 
their estate to the farmers, as it is chiefly owing to this practice that so many wretched 
hovels exist in the best-cultivated districts of Scotland and in Northumberland. 

**14. No landed proprietor, as we think, ought to charge more for the land on which 
cottages are built than he would receive for it flrom a fiumer if let as part of a fiirm; and 
BO mmre rent ought to be char|^ for the cost of biulding the cottage and enckklng the 
gar^n than the same sum womd yield if invested in land, or, at all events, not more thvsi 
ean be obtained by ^vernment securities. 

** 1 5. Most of these conditions are laid down on the supposition that the intended buildei 
of the cottage it aotm^ more by feelings of human sympathy than by a desire to make 
money ; and hence thigr are addressed to the wealthy, and eBf>eria}iy to the proprietors of 
hmd and extensive maoufiMtorifet or mines.** 

SOOfl. To the fbregoing fifteen essential requisites we have only to add e few ohservs- 
the dedgn of a cottage, IV plea ahowld not be straggling, ot each es to render a 
variety of roofl^Unea ns^ttAry, and atehough ite amngemoiit sbonid be eompaet, it should 
not be ermnped, Sbepekss noeks end oomem do not heeonie eoavenient eupboards 
•ad el eae t s tar htemiee are enokied mad pomem • doov^ but mher eonvenieiat hiding-^ 
p i h a st lMf ntlet and dirt Toa^ many praifetlons awkt a small building kmk ftmadcr by 
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deprinng it of breadth ; and too great a diversity of colour gives it a Vfilgar appearaAee^ 
and frequently destroys the etfbct of really good proportions. The teniptadoa to build 
picturesquely and to try experiments with new materials and tneil^s of construction^ is 
much greater in the country than in town. Coloured bricks, bands of ornamental tiles, 
glased patera, and other similar attractions, may give variety to elevations, but they must 
be adopted with considerable caution in small buildings. New inventions and pseudo* 
economical devices too often prove miserable and expensive delusions. As the details of 
construction, &o., which are given in the next section, are equally applicable to those in the 
country, this subject will be now dismissed. 

3009. In the autumn of 1863 two premiums of 25/. each ^ere offered through the Society 
of Arts for the most approved designs for cottages, to be built singly or in pairs, at a cost not 
exceeding 100/ each. It was essential that each cottage sltould fulfil tiio following require- 
ments. On the ground floor, a living-room of about 150 feet superficial; a scullery or 
kitchen of not less than 70 feet superficial ; with a ventilated pantry. On the upper floor, 
three bedrooms, one to be not less thim 100 feet superficial ; fire-places to be provided in 
two of the rooms. The height from the ground td'‘ the first floor to be 9 feet, and the bed- 
rooms to l)e 8 feet in the clear. The memorandum of the Inclosure Commissioners witli 
respect to the substantiality of agricultural buildings to be adliered to. in the estimate, 
brickwork was to be taken at 8/. per rod reduced; Countess slates at 23s, ; and Baltic tim- 
ber at 2s. 3d per foot cube. An allowance of 20 per cent, was to be made for contingencies 
•nd builder’s piofit on the cost prices of labour and materials, with 5 per cent, for superin- 
tendence. The prime cost, therefore, of each house was not to ex<^ed 80/., including not 
only the cottage, but the fixtures, water supply or well, fencing, paving, and ail those 
necessary addenda which the owner must supply. 

3010. An able report was drawn up on the 134 designs siihmiHed, by the three appointed 
judges (given in Builder, 1864. p. .359). towards the conclusion of which they observe **that 
although good cottages may possibly be erected, under favourable circumstances, in some 
parts of England for a lower sum, we consider the probable average cost of a pair of cot- 
tages built trith the conveniences enumerated, would be about 280/. to 300/., and that the 
attempt to erect them at any considerable reduction upon this amount must result in some 
inferior kind of buildings, discreditable to the owner, and wanting in much of the necessary 
accommodation for a labourer and his family.** The premiated design is given in the same 
volume, p. 952. On p. 295 of the following volume, six builders’ estimates are given for 
erecting six cottages on the qremiated plan, ranging from 397/. 13s. Ad. to 527/. the pair; 
a difference somewhat accounted for by the designer in his observations at p. 319, where he 
states that 260|^ the pair would he the price of some he was then erecting, with modifica- 
tions. On p. 394 is given a design estimated at 200/., and tendered for at 180/. the pair, 
which is deserving of comparison. 

.3011. The Central Collage Improvement Society, London, slated in 1865, that “reports 
from different parts of the country, of tiie actual cost of building, prove that on the average, 
each room containing 100 superficial feet, or 10 fe.t square, of a cottage or block of 
buildings, costs from 201 exclusi\e of land; this is equivalent to 3d. per foot cube. 

In the five sets of plans published by the society, No. 1, of four rooms, has been built for 
1621 ; No. 2, slightly larger, for 168/. ; No. 3, same as No. I, with a scullery, for 175/. ; 
and No. 4, more commodious, for an artizan, for 2201 per pair. The Journal for 1858, of 
Hie Bath and West of England Society, vol. vi., details a cottage of five rooms, built on 
Exmoor, for 60/., with a Uviog room 15 feet by 13 feet 


SXCT. IX. 

TOWN DWELLINGS FOR THE INDUSTRIAL CLASSES. 

8012. The leading features cf construction and detailed arrangynfrpt which may 
be considered peculiarly applicable to dwellings intended for work^ men whose 
wages range from 12#. to 24#. per week will be described herein. Workmen of ^is-elasi 
have been hitherto strangers not only to the eonvenienoes which render home 
but to the barest accommodation necessary to I'ender social life tolerably deoeut.* Udfonk' 
nately, the nearer an improved dwelling approaches Hs miserable predecessor ii|, general 
aspect and character, the more popular it be. The di|Rculty, therefore, in designing new 

homes for the poor consists in the introd^lon of improvements which shall lead to tfte 
gradual abandonnoent of injurious habits, and to ^ve no sudden offence to jealouely 
cherished nrejudicM. To do this eflbctively it it desirable to ascertain the leading req^rp* 
aoents of tme inhabitants of the district in whie^^ is proposed to build. ' 

3018. A poor man's town dwelling should of a living room end bfdYOOM I « 

pieiRtifit! supply of water ; a water^loset, eiftfc^d lavatory, distinct but not far repim ed 
fions his tenement; a wasli-house, with the means of drying clothes in any weaUier wklmtil 
artificial beat: and. when j • •• * 
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3014. The Rvmf-mm i^ould be 12 feet by 10 ieet clear of all obstruction! or pro- 
joeciona, and 8 feet high, giring 960 cubic feet at least. The rooms should be of a square 
{brin, as bemg easily kept clean and made comfortable. 1353. praaeots a genml plan 
of the arrangementa The door should open 
Into a porcl^ pr vestibule, and be placed at the 
end of the Wll opposite to the window^ so 
that when both are open the air in the dwel- 
ling may be eflkctively changed. The window 
should be sufficiently large to light every part 
of the room. J|t should be fitted with sashes, 
to insure top jp|d bottom ventilation ; and its 
sill should n<f||wmore than 2 feet 9 inches 
fh>m the floor, to ||prevent high furniture being 
placed under it. .Tolerably large panes of 
glass will be found Ip last longer than if the 
panes be small, 'fba ^fire>place should be as 
near the centre of its pwn wall as possible, 
and be furnished with a range containing a 
boiler, with a tap of the bikt description fixed ^ iML ramst owsixuroa. comuuoui. sxaun; 

2 inches above the bottom ; an oven ; and a cooking place at least 10 inches wide from side 
to side, with sliding bars, flap and catch, all of which ought to be of wrought iron. The 
living-room should have a good serviceable closet the entire height of the room, the front 
flush with the cliimney breast, to contain shelves for cooking utensils and crockery, Ac., 
and a large covered box for coal ; this closet should be lighted by a small window hung 
upon centres and to be eaij||r o))ened. 

3015. The bedroPms should be 12 feet by 8 feet, and 8 feet high, communicating with 
the living room by a door in the wall opposite to the fire-place at the end nearest to the 
window, so that enough wall space may be secured for the bed. As these rooms would be 
sufficiently warmed from the living-room, fire-places can be dispensed with where space is 
limited or expensaof much importance. 

3016. The waifs should be well-built with sound stock bricks (the partitions being 
half a brick thick) and coloured with two coats of well sixed distemper colour of a warm 
cheerful tint Such walls offer no harbour for vermin ; they are unipjured when nails are 
driven into them ; and their freshness and colour are easily «ene#ed a trifling expense. 

a The ceilings should be plastered, not only for a clean appearance, bpt also as d^reventive 

^ against the spread of fire. The floor is best made of wood, though it is apt to get dirty 
tolerably difficult to clean. If firewood or coal he broken upon any other floor than a 
wooden one the concussion is injurious to it Tile and asphalte fl^oors are often recom* 
mended as the best ; but though they have a clean appearance, they are cold to the 
feet when uncovered by a carpet; are more liable to injury; and are more troublesome to 
repair. Asphalte and cement floors depend in a great measure upon their rigidity for their 
efficiency, and require iron beams and brick arches, which are expensive. 

. 3017. As regards ventilation, beyond supplying doors that do not fit too close, windows 
that will open at top and bottom, and fire-places with air-channels underneath the floor, it 
is extremely difficult to know bow to proceed further without detection. A ventilator 
imce discovered is instantly rendered useless by being pasted over. Ferfl>raled bricks 
placed throughout the length of the wall in which the window is set, and in that oppomte 
to it, causes the air to be so diffused by its passage through the narrow chaniida wHh which 
the bricks are provided, that the paste-brush is seldom us^ 

SOI 8. The lavatory ^ould contain a water-closet fitted with a strong galvanized iron, 
valve ; a lead trough, for washing purposea, supplied with a high-pressure loose valve cock, 
and an enamelled iron basin. A smaller lead trough or waste, for the discharge of dirty 
water, should have an inch service cock above it for supplying pails and kettles. Tha 
w^lls, coloured as those of the dwelling, should be well painted to the height of 18 inobas 
4t^ve each trougl^ for frequent and easy washing. The floor is best covered with thick 
9^cli #||luare tiles, which bear a good deal of wear and tear and slopping in one spot 
|ritlia|iA]|i|{ury. The lavatory should have two windows at least, one in the external wi^ 
of the ipreter-closet and one at the furthest end of the wall at right- angles to it. 

30 To attach a laundry to an extensive range of such dwellings becomes a positivo 
duty. A washing tub and rinsing tub are necessary, about 3 feet 3 inches long by 1 fool 
9 inehes wide, with washer, plug, slid chain, and a separate cold water lervioe to each. 
The top of the tubs should he 3 feet 3 inches above the foot-board, or tbe floor, if not pro- 
vided,^ A lO-gidlon copper, with cold water service, and a tin ladle. The flue of the 
eoff0i§ to be oorefiiUy constructed to insure the beat being well diatributed* Over the 
sides end bottom* and to afford facilitlea^ for regulating it and for cleaning, wringing 
maelifpei might be provided if hydromet^flrinot used ; they are easily etteehed to the 
tigjsm, Artitieial meani of drying olothes*^ oiapted with advantage in publlo wash-home^ 
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m to be avoided in small laundries, because they cannpt ^ maintained without consider- 
able expense. Clothes are more easily and effectively dt>i*d when protected from rain, and 
Ouipendod in strong cross ouir^ts oF ain 

3020. The water-cistern should be as close to the laundry as possible, in order that the 
piping may be short, with very few Joints and bends so as to be free ftxim the risks 
which attend a variety of levels. More attention is desirable to the dimensions of the iron 
piping, and the nature and position of the services, tlian they usually receive. Tlius means 
should be provided for filing, emptying, and cleaning the cistern or tank ; also for regu- 
lating tlie supply during the time that any portion of the piping is under repair. Every 
rising main should be furnished with at least two valves. The frst is best fxed in tlic 
junction between the rising main and the company’s street main, so as to regulate the entire 
supply of the building. The second should be fixed at the bottom of the rising main, so 
as to release tlie water which remains in the pipe after the cistern has been filled. In some 
cases an additional cock, 2 feet above each floor level, for the supply of buckets, or for the 
connexion of hose in case of fire, may be desirable. 

3021. A few square yards of play-ground is of inestimable value for the labouring man’s 
children. One large play-ground to a block of buildings is of much greater use than 
many small yards to as many cottages, and has tended as much as anything to ensure the 
success of the large blocks of dwellings in London. 

3022. The drain-pipes should be of the best description, and their diameters larger than 
those employed under ordinary circumstances, because their liabilities to obstruction are 
very much greater. The main drains should be external to the building, and supplied 
with examination holes at intervals for repair and cleansing, and should possess the means 
of being legularly flushed with water. When the ground is soft, tlie drains, both large and 
small, should be laid upon beds of concrete, to preserve tlicm in their proper falls. Soil 
and other pipes should be ventilated by being taken above the roof of^tbe building. 

302.3. The site fur a block of associated dwellings should as open and in a situation 

as public as possible, not only to receive the advantages of light ana^ventilation, but that it 
may be easily found and readily accessible, and that its residents may have contact with 
neighbours whose habits and appearance are superior to their own. The ends of the site 
should face north and south, so that its east and west sides should have the morning and 
evening sun. It should offer every facility for good drainage; the nature of the subsoil 
should be well ascertained, and every necessary precaution taken to avoid, or to clear out, 
any accumulation of foul refuse that may have been carted into the vacant site. The most 
economical dimensions for a site within the jurisdiction of the Metropolitan Board of 
Works in London, are 108 feet long by 60 feet wide. This area will accommodate a 
building 108 feet long by 34 feet wide, and admit of a playground 26 feet deep In its rear. 
The multiple of 108 by 34 « 3600 in round numbers, is the area allowed by Act of Parlia- 
ment for a building containing several distinct tenements, and possessing only one entrance 
and staircase. The height of the building is best kept at 46 feet from the ground-line to 
the eaves of the roof; it admits of as many stories of dveellings as can be occupied' with 
comfort to the tenants, and it requires no unnecessary thickness of walls. If made five 
stories in height it will contain 40 or 45 dwellings, about 16 water-closets, 8 lavatories, 

8 wash tubs and coppers. 

3024. The following paragraphs comprise a brief description of the dwellings lately built 
or now constructing. In the basement, only a small cellar need be provided for dust, access 
to it is to be obtained by a small external staircase under its first landing, but distinct, 
so that the dust may be removed without annoyance. The ground, first, second, and third 
floor plans may be divided throughout their entire length into two equal portions, by a > 
corridor 4 fiset 2 inches wide, on each side of which are arranged the dwellings {Jig, 1354.y 

In the centre is the prin- 
cipal entrance, which is 
5 feet 6 inches wide, and 
furnished with external and 
internal folding-doors UU- 
der the immediate super- 
vision of the porter whuse 
office adjoins it. The 
staircase, placed imme- 
diately opposite to the en- 
trance, is 8 feet wide, with 
solid square stone steps 
having a 104nch trend, 
and an average rise irf 7 
inches. The side furthest 
iVom the Porridor has an 




arch 7 leet wide, and 
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teadintf from the noond-liiie te urithm a few feet of the earee of the xoof. It is separated 
from the corridor % t^ arches, whose centre pier contains a dnst shaft, traversing the 
entire height of the building, and communicating with the cellar above named in the base* 
ment. It is 14 inches wide within, open above ue roof for ventiiation, and is furnished 
with a hopper, which receives the dust, and closing flush with the wall at each floor level. 

8026. Ine lavatories adjoin the staircase, those for the men on one side, for the women 
on the other. The fourth or topmost floor contains a laundry, about 22 feet long by 12 
feet wide, covered with an open timber roof, the tie-beams Wing standards helping to 
support it, and serving as clothes posts. It is lighted by a range of small casements, ad- 
mitting air sufficient to remove any unpleasantness that might arise from the laundry, and 
to thoroughly dry the clothes. It is famished with eight sets of wash tubs, some l^ing 
separated by slate partitions, for privacy ; eight 10-^alIon coppers ; eight wringing ma- 
chines, or a patent hydrometer; trellis framed standing boards ; spools (as being better 
than tables) for clothes baskets ; soap boxes and ladies. This floor also contains a bath- 
room for each sex, placed over the lavatories ; it is furnished with one of Buflbrd and 
Finch’s stoneware baths, and lias a service of cold water. Hot water is supplied from the 
launlry when required. A cistern lined with lead aib'oins each bath-room, and also 
supplies the lavatories below it ; this position secures a direct fall to the sover^ services, 
and avoids the necessity for frequent bends and joints. 

3026. The main drains are 12 or 9 inches in diameter ; the smaller drains, kept as short 
as possible, are 6 i^nd 4 inches, according to their requirements. The ventilation is secured 
by the side corridor having a window at each end of it, and by the open staircase in the 
middle of its length, all which forbid stagnation and remove impurities. These very prac- 
tical observations are mainly due to the paper by H. A. Darbi8hire,who has designed several 
blocks of dwellings in t he metropolis, as given, with illustrations of those in Commercial 
Street, Whitechapel »Boad, in the Otvi/ Engineer^ &c. for 1864. 

jgfe. 

(3|r 

Sect. X. 

SANITARY ASPECT OF HOUSE CONSTttUCTIOH 

3027. This subject maj usefully be referred to. Granting that a honsa is well drained 
end that the plumber’s work is properly carried out, there are yet other matters to be con- 
sidered, so that a house may be a healthy residence. It should have plenty of light, 
plenty of air at all times, pure and dry, or at least as much so as possible. During the 

S eriod when the number of windows and the glass in them were each taxed, large win- 
ows were advocated ; but as soon as both were taken off, a change of fashion occurred, 
and small windows and small panes were again introduced. As regards street architecture, 
it is important that the houses should be erected of a height bearing a direct relation to 
the breadth of the street in which they are situated. Perhaps the height of the bouse 
should not exceed two-thirds of the width. As regards the direction of a street, the best 
is one nearly north and south, as the sun shines on a bouse on the west side from morn- 
ing till mid-day in the front, and from mid-day till the evening on the back of it, In the 
other cas% the houses on the south side get scarcely any direct sunlight, in winter none 
at all in &ont ; while those on tlie north side get none to the back rooms. Hence, large 
windows are necessaiy to compensate, by giving as much light as possible, ior the direct 
sunlight which is necessaiy to make an apartment wholesome. 

3028. Purity of air cannot be maintained in a house unless it be thoroughly dry. Set- 
ting aside the not inconsiderable quantity of water in the atmosphere produced by those 
living in it, and by the combustion of gas, oil, and candles, the air in a house is liable to 
be render^ moist, 1 , by absorption from the soil below it ; and 2, from the pmrous material 
of which it may be built. 

8026. The porosity of most building stones and bricks is remarkable. A cubic foot of 
Stone will absorb from 5 to 6 lbs. of water, or from half a gallon to nearly one gallon. 
The absorption by certain kinds of stone is so rapid that in slight showers the water is 
all imbibed ; and if the surface be kept wet by constant rains, a large portion must find 
its way inwards, Freestone also allows of the passage of air or other gas by transp^- 
tion and di^sion ; also bricks, unless these have b^n exposed to a temperature high 
Enough to flux the material. The quantity of air diffused into and out of a house by we 
walls is very oousiderable. If the stone be coated with oil, ^int, or au^r silicate solution, 
and the absorption 1^ prevented, the valuable |goperty of diffusing air into the house is 
prevented. Hollow wa/U may secure these advantages. These may bo of brick, or of 
oonerete, or of stone outside and brick insifle. In some parte of the country the material 
is laid beds slightly Sloping upwards somewhat to oouuteraet the efi^ts of the rain, 
especially when blown »om thS south-west ; perhaps the two inches of the bed of the 
stone on thf ontidde night be bevsUsd, and the rennmdof be worind level 
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low 

3030« Where rabble walls are used, the best thiug to be done is perhaps to point them 
with a mixture of 1 of Portland cement to 2 of sand, and then to o^oor the wiiole with 
cement wash. But this should not bo done until after one summer's sun has mtoisted in 
drying the stone, or the damp mtiy diy inwards. It is considered that a 2-feet stone will 
not dry thoroughly, even under hivourable circumstances, in less than two years. 

3031. Plaster, whether on brick or lath, is exceedingly porous, and permits of a ready 
diffusion of gases. A wall merely whitewashed or coloured is better in a sanitary point 
of view than one that is covered with oil paint, which is then practically impervious to 
the passage of gases. Wall papers are probably not so bad in this respect as oil paint, 
out inferior to colouring or distemper work. 

3032. The foundation of a house is an important part of it The most perfect is a 
solid platform of concrete extending over the entire area of the building, from 2 to 3 
feet in thickness, and coated on the top with nearly pure cement. Damp cannot pene- 
trate this, it is considered. The joists should be laid on sleepers, so as to obtain venti. 
latioD to the space ; in case of the bursting of a water-pipe or of water getting into the 
concrete bed, it should be laid sloping, so that water could be carried off by outside 
gratings. This would be expensive, it is true. Another system would be, to build the 
walls and dwarf-walls to a certain level, and then to fill in with hard dry rubbish, and 
cover the whole with cement 3 inches thick, composed of 1 of cement and 2 of coarse 
sand. Or, this might be covered with asphalte, also over the walls, or the usual damp 
course take its place. This damp course must be put to main and dwarf walls. 

3083. Gratings should be placed all round the building, thoroughly to ventilate the 
space under the basement fioor, about 10 feet apart. If a town hous& then about 5 or 
6 feet apart and each about 1 0 by 6 inches. Cross walls should have good openings in them 
to obtain this circulation of air. The floor may be considered cold w this ventilation ; 
if so. the floor can be pugged, or the boards be grooved and tonj^edy^ 

3034. In this wet climate, where occasionally lialf an inch of rain falls in a day, it is 
well to cover the tops of the chimney*, in order to prevent rail* IJ^m coming down the 
straight flues into the grate, or down were into the gable walls ahd keeping them damp, 
preventing the smoke rising ; and this cover can be combined -^ith some means for 
preventing downdraughts. 

3035. A simple method of ventilating a room is to drill a series of smallish holes 
vertically through the lower frame or meeting bar of the lop sash of the window, 
say six or eight to the sash ; the air rises through them into the room in the same manner 
as in a Tobin’s tube. This is an old custom, and often tends to cure a smoky chimney 
caused in a room. Another is to have a bar of 3 or 4 inches in height to fit in between the 
frame on the sill of the lower sash, when raised for the purpose; there will then be a space 
left at the meeting rails for inlet of air. 

3036. At the fi^iting of the Sanitary Institute of Great Britain, held at Bolton, 
Mr. K. J3. Middleton, C.E , read a paper on the then proposed Sanitary Registration of 
Buildinga 1887, in which he quoted a specification where tmter-closets are used. It 
is here given, as showing the present views, extreme or otherwise, of many sanitary officials, 

** 1. Every drain or part of a .Irain inside a house and all soil pipes shall be water- 
tight throtighout 

2. The main drain of the house shall be ventilated at its upper extremity by means 
of a continuation of the soil pipe, or by a special pipe provided for the purppse ; such 
Tentilating pipe, whether connected with the soil pipe or otherwise, haying a clear sec- 
tional area of 10 square inches throughout, and being carried to such a height that its 
outlet shall be at least 3 feet above the eaves of the roof, and the same distance above 
any window or opening in the roof, not being a chimney, and not less than 6 feet distant 
from any chimney or opening in the roof, whether of the house to which it belongs or of 
the next adjoining house, measured in any direction. The main soil pipe shall be simi- 
larly ventilated, and if there be more than one soil pipe, then each such soil pipe which 
shall be longer between the basin of the closet and the main drain than 8 feet shall be 
similarly ventilated. The main drain shall be disconnected from the sewer or cesspit by 
means of a s^hon trap of approved constrnction, provided with means for cleaning the trap 
and the portion of the dram between the trap and the sewer or cesspit ; and it shall be 
ventilate by an inlet air-pipe or ventilating disconnecting manhole ; and if there be more 
than one outlet ventilating pipe connected with the house drain, then each such portion 
of drain and outlet ventilating pipe shall be provided with a suitable syphon trap and an 
inlet air-pipe or disconnecting manhole, as already described ; and the area of the inlet air- 
pipe sbsU m all cases be at least double that of the outlet ventilating pipe in the clear. 

**%, No pipe which passes through any part of a bouse, not being a soil pipe or soil 
draiu, shall be connected directly with the main drain. 

** 4. Ko water-closet shall be situated next to a larder or place where food is stored. 
No pan-doeet or D trap shall be used, and every water-closet shsll be tfapp^, abd shall 
•be scranged so as to prevent syphonage. 

oyerflowi from of closets and of baths, and fjrom ditertii^ diall bo 
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di0chi^r^:ed into the open air in an exposed position, and shall not be connected with the 
soil drain or rain-water pipes, either directly or indirectly, but shall act as detectors. 

** 6. All sinks, baths, lavatories, and urinals shall be trapped with suitable traps, and the 
discharges from them shall be carried outside the walls of house, and shall not be con- 
nected directly with any soil drain, nor shall they be introdnced under the grating of any 
trap, but they shall terminate in the open air, and not near any window or other opening, 
7. All water-closets, urinals, and slop sinks shall be provided with suitable 
flushing cisterns, and the flushing pipe for any closet shall not have a less internal 
diameter than 1 J inches, and the height of the flushing cistern above the closet, urinal, 
or slop sink shall not be less than 4 feet. It shall be impossible to draw water from 
any cistern used for flushing purposes for any other purpose than that of flashing. 

** 8. The cisterns used for general purposes shall be easily accessible, and shall be pro- 
vided with covers ventilated into the open air outside the house by a rising pipe other 
than the overflow pipe, and no pipe from them shall be connefited in any way with any 
soil pipe, drain, or with any pipe receiving the discharge from any bath, lavatory, urinal, 
bt'oik, or flushing cistern. 

9. No rain-water pipe used to receive the waste from any bath, lavatory, sink, or 
urinal shall be placed near a window or other opening ; and no rain-water drflin shall 
connect directly with a soil drain ; and no rain-water pipe shall be used as or connect^ 
with the soil pipe, nor as a ventilating pipe. 

“10. No cesspit shall be constructed in such a manner, nor placed in such a position 
as to endanger the water supply ; and every cesspit shall be ventilated by an inlet air 
pipe and by an outlet ventilating pipe rising to an elevation above the ground level of not 
less than 20 feet, and having a clear sectional area of not less than 10 square inches, the 
area of the inlet pipe being double that of the outlet ventilating pipe.” 


Sect. XI. 

TECHNICAL SCHOOL AND COLLEGE BUILDINGS. 

3037. The remal'kable movement in favour of more efficient technical training has called 
for an exact treatise on the peculiarities of plan and structural arrangements and fittings of 
buildings required for its development. Foreign nations have been beforehand with us in 
this matter, and have long since provided noble buildings, specially created and admirably 
fitted up for the purpose, and well stored with singularly complete industrial and fine art 
collections. 

3038. Mr. E. C. Kobins, F.R.I.B.A., F.S.A., ha^ besides the lectures delivered by 
him, brought together a large amount of information on the subject of technical edu- 
cation as taught both in England and abroad, and on the adaptation of architecture to 
the requirements of this teaching. This new volume is entitled, A Treatise on the Design 
and Comtiruction of Applied Science and Art JSuildingSy and their suitable Fittings and 
Sanitation^ with a Chapter on Ttchnical Educationy 4tb. 1887. It contains full descrip- 
tions of such institutions as the Bonn, Berlin, and Munich chemical laboratories ; Du 
Bois-Reymond’s Physiological Institute at Berlin; the laboratories at Charlottenburg, 
Zurich, Paris, Strassburg. Most of these are accompanied with cuts and diagrams, so 
that their interior arrangements may be studied in minutest detail. Descriptions of the 
laboratories at South Kensington, Finsbury, Leeds, Bristol, Manchester, Huddersfield, 
Oxford, Cambridge, and other English cities, are given ; with chapters devoted to the 
fittings of these buildings, giving detailed information concerning the hundred and one 
minor things which go to make up the perfect laboratory ; as the working benches, demon- 
stration tables, drawing rooms, and so on. The heating, ventilation, and sanitation of 
applied science buildings are also elaborately treated and profusely illustrated. An 
appendix gives statistics as to the technical schools in Great Britain : as particulars of 
the area occupied by buildings, their cubical contents, the cost of land, cost of fittings, 
annual expense of maintenance, number of students, and so forth. One chapter embraces 
the planning of schools for middle slass education generally, as at South Hampstead, 
Gravesend, Sevenoaks, Caterham, itttercea, Wapping, Haverstoek Hill, Stepney, with 
the Camden School for Girls, and the Nur'^h London Collegiate School for Girls. 

8039; It has lately been pointed out that technical education was not meant to be a 
substitute for apprenticeship. The object is rather to teach boys and young men how to 
learn a trade rather than to teach them the trade itself. As a comparison of the views 
held by some continental states, and by England, on this subject, it has been stated that 
the Finsbury College, London, cost 37f000/. to build, and requires 6,000/. per annum 
from the City Guilds for maintenance ; and that the City and Gnilds Central Institute 
cost 90,000/. to build, and receives 10,000/. per annum ; wbQe at Berlin, a building has 
been erected twice the size of Buckingham Palace, wl^ cost 690,000/. to build, and it 
receives 87i880/. per annum from the state! 
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VALUATION OF PROPERTT. 


CHAP. 1 . 

• lliO TAluAtions in which the architect is consulted are properly onlv tboae wherein boiH* 
Inga hare been or may be erected ; Irpm which if he wander, the probability is that he will 
create difficulty for himself, tending to exhibit him as a pretender to knowledge not within 
,the r^ular course of his occupation. The general principles, therefore, on which we prp« 
pose to touch, are confined to the species of property above named, as distinguished frotr 
that in which thp resident valuator near the spot in the different provinces is the best 
adviser, from the local knowledge he possesses. The auctioneers who with unblushing 
effrontery pretend to a knowledge of the value of property in the motropejis, are utterly 
incompetent to the duties they undertake, from an ignorance of the durability and cost of 
buildings, which can be attained by the practice and experience of the architect onlg^ 

Buildings may bo so disadvantageously placed on their sites as to realise nothing 
like a proper interest on the money expended in their erection ; and, indeed, so as alto- 
getlier to destroy even the great value of the ground on which they are built. 'Plius, Ip 
place before the reader extreme cases, which generally best illustrate a subject, let him 
suppose a row of hovels built in Piccadilly, and a house like Apsley House placed in 
Wapping High Street. In both cases the productive value of the ground is destroyed* 
there being no inhabitants for such dwellings in the respective quarters of the town. 

From this it must be evident that the value of town or city property, which consists 
principally of buildings, is divisible into two parts ; namely, — • 

That arising from the value of tbe soil or site ; and / 

That which arises from the^MlNie of the buildings placed upo^ it. 

Wc will suppose for a house Jinttkii is fairly let at a rent of 100/. per annum, po 
matter what the situation of it be, that it could be built for 1000/., and that the proprietor 
or builder would be content with 7 per cent, for the outlay of his money, a rate by np 
means larger than he would be entitled to claim, seeing that the letting, after it is built, U 
a matter of speculation, and that loss of tenants and other casualties may temporarily 
deprive him of the interest of his capital. In this case, then, the rent of the mere building 
would be 70/. ; and as the full rent assumed is 100/., 

100— 70 **30, which is manifestly the value of the ground or ground rent. 

Thus in the cases of valuation of freeholds, wherein the gross rent een be apciv- 
ratel/ ascertained, there can he no difficulty in coming at the real value of the ground reu^ 
because the building rent, or that arising from the expenditure of money on the soil, can 
lie immediately ascertained by the architect, with the rate of interest on it which it is fit 
the builder should have The remainder of the rent is that inseparably attached to the value 
of the soil, and l>elongs to tbe ground landlord. 

The reason for thus separating the two rents is this : the ground rent, attached as 
it is to the soil, is imperishable. It is true that the value of ground is constantly fluc- 
tuating from the power of fashion over certain localities ; but with this the valuator cannot 
deal. The changes are slow ; and the Lord Shaftesbury in the tijne of Charles IT. would 
have little thought it possible, when he placed his residence in Aldersgate Street, that his 
successors would have dwelt in a- house in Grosvenor Square ; neither, even ftve and twenty 
years ago, did it cross the mind of the then possessor of tbu^rosvenor property that th^ 
Five Fields at Chelsea contained a mine of wealth in the gfbund rents of Belgrave imd 
Eaton Squares. Such are the mutations of property, with which the present question is 
not involved, unless the gift of foresight, in a degree not to be expected, be given to the 
valuator, llie other portion of the value of bouse property is s^ictly the result of the 
j^rishable part of it, namely, the Imilding itself; and this is lin^ited by the duradnlity of 
the building, which has great relation to the time it has already exist^, and to the sub- 
stantiality with which it has been constructed. The durability, then, or the number of 
years a building will continue to realise the rent, is the second ingredient in a valuation, 
and is a point upon which none but an experienced person can prcfierly decide. 

The rate of interest which the buyer is content to obtain m the investment of bis 
money In buildings, ur, in other words, in the purchase of the pyrri^iftlde annuity ansing 
two tl>e buUdiugf will necessarily vary with the value of money in the market In tbf 
apfnpemitto cmee under public impovements. wherein it is ^jgalpy on the owoeiK tn 
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pirt with hiA property, the 6 per cent, rate of the table U generally used, by which tlie 
buyer makes too little interest on the perUliable part of the property. Few would be in- 
clined to invest money in such property at so low a rate, for a rent which every year, from 
wear and tear, becomes less valuable. Individuals understanding the subject would 
scarcely be found to purchase, unless they could make at least 8 per cent, for this part of 
the capital. In the cases above mentioned, twenty-five years* purchase, that is, 4 per cent., 
is the usual price at which the ground rent is taken. 


Having thus prepared the student, we will present an example of a valuation conducted 
on the principles named. Thus, suppose a building and the ground on which it stands to 
be together worth 1501. per annum, and that its durability is such that a purchaser may 
count on receiving that rent during a term of fifty years. We will suppose the house to 
stand upon a plot of ground 24 feet in frontage and 60 feet in depth ; that the size of the 
house is 24 feet by 40 feet, and that to build a similar one would cost 1,440/., which, at a 
rate of 7 per cent upon the expenditure, would produce a building rent of 100/. 16s. per 
annum. 

£ 8. d. £ 8 d. 

Now the total rent being - - - - ] 50 0 0 

The rent arising from the building itself - - 100 16 0 

W he value of the rijere ground must be - - - 49 4 0 


therefore here have the imperishable part, viz. the ground, of the 
Value of 49/. 4s. per annum, wliich, giving the purchaser 4 per cent, 
interest for his money, is twenty-five years* purchase for the fee-simple 
by tjhe Fourth Table, that is - - - - - 1230 0 0 

An annuity (from the building) of 100/. 16s., to continue for fifty years, 
is, by the Fourth Table at 5 per cent., worth 18 *256 years* purchase, 
that*is - - - - - - - - 1840 0 11 

The value of the oltkmaterials at the end of the term, if taken to be 
pulled down and sold for 150/., will be that sum at the end of fifty 
years to be received at the present time, discounting at 4 per cent, 
from the Second Table *1407 x 150 - - - *= 21 2 0 

Total value of the freehold • . - S091 2 11 


j(ta the above valuation the ground estimated by its frontage would be * 4Ii. per 

and ground is usually let by the foot when demised ibr building. In the chief parts of 
great cities ground is now usually'sold and let at per foot si^erficid. 

The next case of valuation is that of a beneficial lease, in which the rent paid by the 
lessee is less tiian the actual value of the premises. The difference between them, there- 
fore, is an annuity for the term of the lease, which is so much beneht to the lessee, and is 
estimated by the Fourth Table; thus — 

Suppose the actual value of given premises be .... £10D 

Rent reserved by the lessor 50 

BeneBcial annuity belonging to the lessee • • . . . £so 

If the term of the lease be twenty one years, such is the length of the annuity, and tlie 
question stands as under : — 

An annuity for twonty-one years, discounting at S per cent, is by the Fourth Table worth 
12*8211 yearfi* purchase, which multiplied by 50/, » 64 14 Is. 

It is to bo observed that tiie annuities must be clear after the deduction of all outgoings 
which may he necessary to keep it unencumbered. 

' Let us take another eftse. / , 

A man takes a lease of ground at If/, oer annum, and lays out 1 ,000/. on a sixty-one years* 
lease, interest being 3 per cent Hjuw much must be receive as rent to replace the princi- 
pal at the end of the term ? 

10004 at 3 per cent « 304 + 104 ground rent** 404 improved rent 

U per annum for sixty-one years at 3 per cent will amount to 1694 (See Third Table.) 

i^»S4 9fc - the sum to be laid out yearly. 

169 

And 904 4*54 9r.«i354 9«., or 3*59* is the rate of interest to ossurs or replaes the prinoi; 
pal at the end of the term without consideration of repair^ loss of tenanta, insurance, See, 
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IV. 

We now subjoin some observations on the valuation of Aonm propertjft whieh claim the 
aTchitectural 8tudent*B attention. Inwood*8 Tablet for the Pttrchating of Etlatetf have 
long lieen in general use ; they are founded on the elaborate Tables by Baily and Smart. 
A series are given hereafter. W. D. Biden, Rolet^ Formulett and Tablet for the Valuation 
of Eetatrs^ 5'c., with his smaller work, Practical Pules forValuersy 1862, are useful, and hare 
furnished the outline for the following remarks. 

It is generally considered that the value of a freehold house ranges, according to sitiia 
tion, st;^e. condition, &c., from 10 to 20 years’ purchase. It naturally follows, that pui 
chasers, and some valuators indeed, imagine that house property, as a rule, pays from 5 to 
10 per cent, interest on the purchase-money. This is a great error, as many have ex- 
perienced who have endeavoured to realise and to expend yearly 8 per cent, on the cost of 
house property. The valuation should l)e made at 5 per cent, (if the purchaser will l)e 
content with that interest); and the present value of all the costs, charges, and losses inci- 
dent to house property should be fairly stated and deducted in the valuation, and then the 
purchaser will nut be deluded with the idea that he is to net a very large interest, which 
may be spent unconcernedly. Such is the expectation of many of those who are induced to 
join Building Societies, and who buy, what appears to them, a bargain, as they will be 
receiving for years double or treble the amount of interest obtainable from the funds. A 
cliange of tenants, or other cause, soon shows the diflFerence. Where, however, the buyer 
himself occupies the house, whetiier freehold or leasehold, he may make a very advanta- 
geous investment of his money. In the latter case, that is, of a leasehold, he must bear in 
mind the result of the occupation of the premises, namely, dilapidations, for which he will 
l»e called strictly to account by his landlord at the expiration of his term of lease. 


Compare the following valuations, made in two ways, of a freehold house, which will 
lost for about 80 years, the tenants paying the rates amounting to about £7 per annum. One 


valuator may make out his calculations thus 
Gross rent received by the landlord - 
Deduct Insurance - I 
„ Land Tax - V when paid by him 
„ Sewers Rate J 
„ General repairs, 10 per cent. 
f, Collection, &c. 


-fl 2 

1.0 15 


£ 

63 


d. 

0 


0 
r> 
0 

6 6 0 
• 4 14 /6 


14 
48 

(In a leasehold valuation, the ground rent would also have to be deducted ) 
To pay 8 per cent., at years* purchase (Fourth Table) • 


I 9 
8 

nt 


Presumed value of the property, according to this rough valuation 


£607 O ft 


Another valuator will make out his calculations as follows i — 
Gross rent 

Annual deductions, as before . . . . 

Net rent 

But property is usually subject to various depreciating con- 
tingencies, which must be provided against by an annual 
reserve according to the class of building, thus: — 

Deduct for losses by bad tenants, say 1 year’s rent in 6 = 

And, for extra repairs and expenses contingent upon such 
frequent changes, say an equal sum 
Deduct a sum for rebuilding (say about £630), which, put by 
each year in the ibnds at 3 per cent, compound interest, 
will produce that amount at the end of the life of the 
house, say 80 years, i.e., £1 per annum for 80 years (Third 
Table) - ' . - - » mvm 


£ a, d. 


£ 

63 

14 


f/. 

O 

ft 


48 a 3 


10 10 0 

- 10 10 o 


S 0 0 


£643*796 


dear income from the property 


23 0 0 
25 11 3 


If the purchaser elects to have 5 per cent, for his speculation, the amount 
lo be paid for the property will be • • - £512 0 0 

' Tbe yaliie of tlie ground in these calculadons b in^uded'^ the rental ; irhen of iK^mf 
baportepae* U must be valued upon its own merits, as shewn in the pcevipus |mi|o. 
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But there may be a fbrther expenditure for surveyors* chargest adiciton* charges for 
transferring the property, and loss of capital by selling out of the funds, which it may he 
often necessary to deduct from that amount. A matter also of consideration is whether 
the building is in a good state of repair, both in structure and decoration, as ready for a 
tenant. 

When the property is leasehold, then, as soon as the clear income has been ascertained, it 
will have to be multiplied by the number of years* purchase at the rate of interest required 
(br the term (Fourth Table), to find the amount that the property is worth. The number 
of years* purchase provides for the percentage and to get back the principal, the annual 
instalments of which must be invested at the same rate of interest to produce the total sum 
at the end of the term (in lieu of the rebuilding fund in the freehold property). Among 
Inwood's Tables, 1 6th edition, 1855, is one (p. 177), whereby to calculate ** the present 
value of an income fur a certain number of years, which is to pay duiing its continuance a 
given rate of interest on the purchase>money, and to replace the purchase*money at the end 
of the same number of years at a rate of interest to be selected.** 

From the former method of eapressing the valuation, it would appear that a purchaser 
may realise 8 per cent upon his outlay ; and so indeed he may, for a few years, if every- 
thing connected with the property be very favourable ; but the latter calculation Shows 
exactly whut may be expected, namely, that on capitalising a further sum to form a sinking 
fund for certain repayments, then 5 per cent per annum may be appropriated as tncoiae, 
the remainder of the rent being set aside to supply a fund to meet exigencies of no uncom- 
mon occurrence. The real value of the property, moreover, is found to be much less than 
what the rough calculation would show it to be worth. 

Tile deductions for losses depend entirely upon the class of house. First class houses 
in good situations let so readily to responsible tenants, who for their own comfort and 
display maintuin the f|ibric, that the sums to be deducted for the occasional want of occu- 
pants and expenses of reletting are reduced to a minimum. On the other hand, a much 
lower class of house, together witli tiie present unsatisfactory mode of luting houses on 
three years* agreements, and the still more ineligible arrangement by tne year, throw so 
much larger amounts for repairs, decorations, and change of tenancy, upon the landlord, 
that the total of the sums to be deducted is raised to a very high estimate. Herein Uie 
liest judgment of the valuator is called into requisition, and it requires the knowledge ob- 
tained by the practical architect to assist his judgment in such matters. 

After the actual value has l>een ascertained, another item for consideration is the additional 
sum that a purchaser will l>e induced to give fur some reason — such as the property lieiilgin 
a fashionable neighbourhood; the house possessing arrai igements peculiarly suited to his 
wishes, and so on ; this amount may be called a “ fancy price,*’ and when paid had better 
be considered as money sunk. 

y For making rough calculations, according to the first instance, the value of freehold 
\ land in tlie country is generally considered worth from SO to 3S years* purchase, being Cal- 
culated on the 3 per cent, tables. In a few very exceptional cases as much as 40 years’ 
p'^rchase has been given ; but the difference constituted a fancy price.** For town plots 
fr^ n 25 to 30 years* is more usual. Freehold houses and buildings, 1st and 2nd ela.ss, from 
18 to 20 years* purchase, or 5 per cent.; 3rd and 4th clias, about 16 years* purchase, or 6 
per cent. 

For I, casehold proper tg ; — 

1st and 2nd class, from 15 to 16 years’ purchase or 6 per cent. 

2nd and Srd „ 14 to 15 „ 7 ‘ 

Srd and 4th „ 12 to 13 ' „ 8 

4th and 5th h H to 12 „ ^ h 

5th and 6tli „ 10 ,, 10 ,, 


Freehold Cnmund-renit are valuable in proportion to the extent to which they are 
covered by the vaok-rent and by the period of reversion. A good ground*rent ought to 
be six times covered, that is, five parts are brick and mortar rent, and one part ground* 
rent A reversion, however, unless within forty years, is not much taken into account 
Some ground*renti in the City of liondoii ( where the ground-rent is larger in proportion) 
have sdd for Sl^ years^ purchase ; ufos^ only covered by three times the rack rent, sold 
for 25 years* purchase. Leasehold alid freehold ground -rents can only be valued according 
to locality, circumstances, length of holding, &c. Unsecured ground-rents are usually 
valued at £5 years* purchase, but those well-secured at from 30 to SS years' purchase. 
Improved grmasd^renit are not worth so raueh as the freehold ground-rent, in consequenco 
of the covenantk of superior leases, dahgcr of breaches of covenants, Ac. 

In the valuation of Imsm held on live|^ the operation, after bringing the rent to a clear 
annuity, is conducted by xnem of the sixth, seventh, and eighth tables, given hereafter^ M 
the ease miw require. 

In the ndnatiail of jKfweAQMCt^ the ohly safe method of coming at the value of a reotil 
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l8 bjr the quantity of goods or tonnage they will contain after leaviv^ proper gangways, 
and not overloading tlie floors. In com warehouaes, however, the grain being lUstributod 
over the surfkoe of the floor, the squares of floor are taken to come at the contents. Goods 
warehoused are paid for to the warehouseman usually at a weekly or monthly rent ; and It 
ii» commonly considered that the profit he should make ought to be one half of the rent be 
pays to the landlord, so that in fact two*thtrds of the actual rent realised goes to the pro- 
prietor, and the other third to the warehouseman or lessee. Tables of tlie weight and space 
occupied by different goods are given in the Glossary Aldendum. 

We have noticed at the commencement of this chapter that valuations depending 
upon building or building land are essentially within the province of the architect. But 
as valuations for Railway and Improtement compeuMtiont ramify into one and the other, as 
well as into agricultural land, a portion of the subject into which we do not consider it 
desirable here to enter, we will only notice that, as regards the former, there are several 
items, beyond those already mentioned, to be taken into consideration. A man holding a 
property, and dispossessed against his will, has a right to be paid for his interests being so 
injuriously aflVeted, hence an item for ** compulsory sale *' is allowed ; this was formerly as 
much as SO per cent, for house property, now it is only l6 per cent. ; while for land, from 
10 to 25 per cent, is obtained, according to circumstances. With certain exceptions, the 
purchase of lands compulsorily is placed under the provisions of the Statute 8 Viet. cap. 
18, **The Land Clauses Act.** The assessment of the items usually consists of the fol- 
lowing heads : — 1. The value of the property taken. II. Any reversionary or prospective 
advantage the owner may be likely to receive at any time ; to be estimated in present 
money. III. Any advantage the owner may have by carrying on a trade, business, or 
profession, in a locality ; whether the same would be utterly destroyed, or a portion be 
taken with him. IV. The cost of removing, or loss by forced sale. V. The value of the 
portion only of the property (if so taken), and amount of damage the remainder may 
austain in consequence of the severance; this is usually called comequential damage, 
VI. If a portion only be taken, and that portion injuriously divides the remainder of the 
property, the estimated amount of damage is known as severance. VII. Compensation 
for loss of time, trouble, and expense, in find ng a new investment ; loss of interest ; the 
parting with property to which one is attached to and has an interest in ; and other losses 
by beior forced to give up property and seek new. I1iis forms the item of compuhory 
eak. 


CHAP. II. 

CIVIL ANP ECCLESIASTICAL PILAPIDATIONS. 

Ihe arcliitect, in the course of business, may be commissioned to ascertain the extent of 
neglect on the part of an occupant in keeping premises in proper order according to the 
terms upon which the property is held by him. In civil cases it is not usual for the lessor 
to exercise a power, generally reserv^^d to him in leases, of causing his architect to insf^ct 
tho premises from time to time to detect dilapidation ; but it is usual for the lessor to eausa 
such an ins})ection (at a reasonable period, so that the repairs may be done) before the 
expiration of the term ; this reasonable period may vary from two to twenty-six weeks, 
more or less. After such inspection or survey, a notice to repair dilapidations according to 
Its appended schedule is served upon the tenant, who may either execute the works within 
the term, or (unless he can compound with the lessor for a turn to be ascertained under 
arbitration) take the responsibility of paying the charges of the tradesmen employed 
by the lessor after the premise have been surrendered, to which a compensation for loss of 
rent is naturally added: but this arrangement, if adoptei, is a very exceptional pro- 
cedure. It will 1)6 evident that in cases where a lease expires and is not to be renewed, 
before other suitable premises can be obtained, the latter method of action may be 
desirable; but generally, and especially in the case of a dwelling-house, the cheapest, 
if the most inconvenient, course is for the tenant to have a survey ra^e for himself and to 
get the repairs executed within the term. In ecclesiastical cases the survey previous to 
Ute end of occupancy is rarely, if ever, practicable ; and a sum must be ascertained under 
ailiitration. According to the usual tenor of leases, the lessor expects that the premises 
shall be delivered, at the expiration of a term, in as good condition as the use and tMOf 
during the time will permit, and tho lessee undertakes to make good any injurr which the 
premuet may have suffered through accident, neglect, or intention ; these oondmons apply, 
not only to what was originally demised, but to whatever may have been erected during 
his ooeopatton. In eocfetiastical cases the principle, as will hereafter be explained* ia 
Wihir different. It may be noticed here that the term wear and tear is a popular miitnka 
srbifh the law does not support ; use and wear is legitimate, tear is dilapidation. 
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In civil dllapidAtlofiA « tenant U bound, according to bis covenant, apeciflo or genera)| 
but never beyond maiataining and upholding, unlem the condictona of repair are to bad 
that no measures short of reconstruction are consistent with safety, or possible from the 
extent of decay. His liability is not supposed to extend to such defects as only indicate 
age, so long es the efficiency of the part still remains. But if the effects of use or age have 
orooeeded so far as to destroy the part, or its efficiency in the structure, the tenant is liable. 
It being the presumption that at the commencement of the term the tenant was satisfied 
that eveiT part was sufficiently strong to last to the close. On the same presumption the 
degree of liability of the tenant is regulated *by the actual condition of the premises at any 
time, as specified in his covpngnt, and admits of no extenuation by reason of dilapidations 
existing at the commencement of his term, as he is presumed to hare taken tlie proper 
course to guard himself against the occurrence of undue liability. In extreme cases, the 
liability of a tenant extends to the rebuilding of a party wall condemned as unsafe, to 
reconstruction after fire, &c., onless specially excepted. In fact, under the natural and the 
legal liivour which the lessor enjoys, the person proposing to become the lessee should 
employ a professional surveyor, not only to inspect the apparent, and as far as he can the 
hidden, state of the building, but also to check the conditions contained in the draft of the 
lease, which are sometimes extravagant when applied to an old and worn-out fabric, though 
they might be reasonable as regards a new structure. 

Whatever the tenant has power to remove during the term cannot be chargeable with 
dilapidations. Upon this point tiie old rule is, that whatever \t fixed to the freehold cannot 
be removed by the tenant : thus a lessee may erect barns or sheds or any building upon 
wpoden or stone or other blocks laid on the surface of the ground, and take them down, if 
be please, without substituting anything in their place ; but if the barns are fixed into the 
ground, they immediately become the property of the lessor. There seems, however, to be 
|||«xception in respect of buildings erected for the purposes of trade : hence not only 
ovens may be taken away, but workshops and the like erected by the tenant 
for his particular trade. Thjs exception seems at first to have applied only to wooden 
buildings ; but Lord Kenyon held that a brick chimney would prevent a tenant from 
removing a building, and decided that its being on a brick foundation would not do it 
Though this opinion was not held by Lord Ellenborough, yet it was not because the 
buildings were of brick, but because they were erected for the purposes of agriculture, and 
not of trade. It is to be remembered, in all cases, that a lessee is bound to leave the 
premises in as good conditiop after the removal of fixtures gs though they bad never 
existed: thus, if a marble be substituted for a wooden chimney-piece, when the former is 
removed, the latter, or one of equal value, must be replaced. If a partition be put up and 
ta|ien away, all damages to the adjacent work must be repaired. 

The general rule for determining what injuries are considered dilapidations, is to ascertain 
what is /p»r tcear without dilapidation arising from accident or neglect Iigury by acci- 
dent is that which happens suddenly, and perceptibly differing from wear, which occurs 
only by lengthened use. Thus the nosing of a step worn away is not dilapidation ; but if 
speh be broken away instead of worn, it is a dilapidation. It may be said that 
accident is defined here with too much latitude, inasmuch as it takes account of 
tnpt which occurs without apparent reason at any particular time; but we use the term in 
common language, and may cite as an example, that if the timbers of a floor decay, the 
floor will yield, even without a load upon it. When accident occurs, such alone does not 
limit the extent of the dilaf)idation, but also such injuries to the building as follow in its 
train. Thus, if the weather-boarding of a building decay from age, so long as the 
covering will keep out wet, it is no dilapidation ; but if broken in any part, that is a dilapi- 
dation ( and if from want of reparation any of the internal parts of the building be injured, 
such injury is a dilapidation t so if timber or timbers belonging to any part of a house 
tnerely decay, if it or they bt still sufficient for the support of the house, no dilapidation 
can chargeable; but if such timber or timbers give way, they must be r^lsoed, 

and all parts made good which suffered by their failure, ffoait, in law, is insufforable, 
even in freeholds which are held for lives only. According to Woodfall {I^ondhrd amd 
TbiMmI), ** waste may be done in Imuses by pulling them down or suffoiing them to be 
uncover^, whereby the rafters and tknbers of the bouse become rotten *, but the bare 
suffenng tbam to uncovere4 without rot^ng the timber, is not waste : so if a house be 
imcovem when the tenant eometh in, it is no waste in the tenant to suffer the same to fall 
down,** In external covering, however, it seems that decay arisbg from inattention to it is 
dilapidation* ctren though no accident be the cause. It is always oonndered that though 
painting nfglected is not itself a dilapidation, yet wh^re decay arises from it, it is one. 
Broken i^sm is not considered a dilapidation, unless there be mure then one erack in the 
pane. Some, however, contend that while the glass is sufMen^ entiiw to esolu^ the 
islnd imd weatbtf* no wests is essignable. Generelty it eeeme Iben to be the role, that 
fdiere aoeideiit occurs, H is a dilapidation. 

Tp ^ preceding the word has naiueaUy o e e uin d i diUpIdetion froee 
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Iieglcet being very often followed by dilapidation by acetdint r the latter term is still more 
nearly connected with the word misuse, which occupies the place here given to ** accident ** 
in the Report upon Dilapidations, published in 1844 by the Ro}’al Institute of British 
Architects. This Report does not define its meaning of the word mifute ; it is clearly nor 
she meaning in which the term is generally employed ; fur the Report says, ** If the 
effects of use or age have proceeded so far as to destroy the part or its efficiency in the 
structure, this argues neglect or misuse.** The student will find it advantageous to study 
the Report, and especially the specification contained therein. 

This specification instructs the mason ** in cases of broken nosings, or of the treads being 
worn to such an extent as to render the passing up and down dangerous,** to piece as 
described the step ; and also directs the joiner **to put nosings to stairs where partially 
defective, and treads where wholly so.** There is in appearance a contradiction between 
these views upon worn steps and that given in the commencement of this chapter ; but the 
practised surveyor will see that they are easily reconciled, and that his judgment mutt 
decide which is, and which is not, fair use and wear. It is to be regretted that the clear 
and discriminating section on dilapidations in Chambers and Tattersall, Laws relating to 
Building, 1845, contains a sweeping condemnation of this Report, which is in no way 
authorised by tlie evidence adduced. 

We have added to the usual definition of dilapidation, namely any injury through acci* 
dent, misuse, or nogket, the word intsution ; and the propriety of the addition, as meaning some- 
thing different from wilful waste, will be obvious. The erection of a photographer’s room 
on the top of a house in one street may be deemed an injury, and be claimed as dilapida- 
tion by a lessor, who would demand the removal of it and the restoration of the roof ; 
while in another street, and witiiin a few yards of this dilapidation, the same le*^sor might 
consider the same work (if judiciously executed) an improvement which he would not 
allow to he removed. So also a grated iron door, instead of the common wooden one, 
similar alterations, may liecome dilapidations of intention at the pleasure of the lessdr. 
There is another point on which surveyors have frequently differed, namely the insertion of 
nails and screws for the suspension of frames of pictures, &c. This may be now considered to 
be determined by the judgment in the case of Martin and another r. Roe (1857), where hot 
house frames, bedded in mortar on brick walls, had been removed without damage except 
what was unavoidable to the mortar. Lord Campbell said that, in considering this 
question, we treat the removal by the plaintiff* as having been in fact effected without in- 
jury to the freehold. In all cases of this kind, injury to the freehold must be spoken of 
with less than legal strictness. A screw or a nail can scarcely be drawn without some 
injury ; and when all the harm done is that which is unavoidable to the mortar laid on 
brick walls, tiiis is so trifling that the law, which is reasonable, will regard it as none.** 
Among surveyors it has been held that what is nailed Mongs to the freehold, but that 
which can be unscrewed does not, the careful withdrawal of the screw enabling the tenant 
to make good the hole. 

Although there is a general impression that only damage of broken glass can be claimed 
from a yearly tenant, he is to use the building in a husbandlike manner, and is bound to 
fair and tenantable repairs so far as to keep it wind and water tight and to prevent waste 
or decay. 

It used to be supposed that the judgment in the case of Wise p. Medcair(1829) con- 
tained an exposition of the whole law on the subject of ecclesiastical dilapidation asTar aa 
regarded inciiml>ents ; and the decision, which is contained in the following words, should 
be always in the mind of the surveyor Upon the whole, we are of opinion the 
incuml>ent was l>ound to maintain tiie parsonage (which we must assume upon this case 
to have been suitable in |>oint of size and other respects to the Ijenefice) and also the 
chaned, and to keep them in good and substantial repair ; restoring and rebuilding when 
necessary, according to the original form, without addition or modern improvement ; and 
tliat he was not bound to supply or maintain anything in the nature of ornament, to which 
painting (unless necessary to preserve exposed timers from decay) and whitewashing, and 
papering belong.** This decision is held to establish the principle that the executors of a 
deceased incumbent are bound to perform those repairs which are necessary to pmvent 
decay, and to use all reasonable means for preventing any future decay. The 
case of Mason v, Lambert (1848) showed that perpetual curates were liable as in* 
oumbents for these dilapidations. We have therefbre to add, in ecolesiastii^ cases* 
any provision against prospective iidury ; such as paint oeceo^ry to preaerve expot^ 
wc^work from decay, the insertion of ties to plates taking the feet of ri^ra, the under- 
pinning of walls at cracks showing continual settlement; these might be entitled dilepida- 
iions of precaution, and ought to include the immediate destruction of any erections made 
by o late incumbent which were suitable to his private fortune rather than to the benefice* 
§§ seems to be indicated in tlie Judgment given in the esse of Martin and another a, Roe 
(1857), wherein it is observed that, ** as to any matter of ncedlesa eapenie or luxury et 
immamt by which the present incumbent has gratified his ourn taste or inoittaaadbls own 
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comfort, he b not only not bound, but he ought not, to transmit it to his suceessar." 
The prinoiple thus stated is directly opposite to that which, as we have abore observed, 
regulates civil cases, namely, that the occupier must keep in repair whatever may have 
been erected during his occupation. The judgment just cited continues in these words : 
“If the successor may recover damages from the executor after such things have been re- 
moved by the testator, there can be no doubt he in his turn must maintain it ; and if he 
maintain it he must also restore, and even rebuild when decayed ; so that the benefice 
might become permanently saddled with a useless burden.*' 'J'be duty to remove such 
erections does not, however, appear quite to have been thrown upon the estate of the 
erector : the same judgment says, “ the case now supposed is that of an erection, which, if 
the deceased had left out of repair, his successor could not have maintained any action for 
dilapidations, which he himself therefore would not be bound to keep in repair, which im<* 
poses no burden on him, and which he may remove ; for it would be unreasonable to hold 
that he might not remove, however useless or unsuitable to the living, or even incon* 
venient to the occupation of the parsonage or glebe, that which for one of these reasons be 
was not bound to keep in repair.** Finally we would quote from the same judgment : 
^ with regard to an ecclesiastical benefice, the character and object of the building to 
which the chattel is attached, and the manner in which it has been so attached, seem of 
very great consequence in determining whether there was any intention to separate it per« 
manently and irrevocably from the personal estate.** In this case the plaintiffs (executors) 
were held justified in removing the framework and sashes, valued at SOOl., of two hot 
houses, and might apparently have removed also the brickwork, repairing any waste os 
damage to the freehold. With respect to that damage we have already referred to this 
case. 

The real difference between civil and ecclesiastical dilapidations may be thus stated « 
One man takes certain premises, engaging to pay a rent in order to derive advantages out 
of them, but having no interest in the freehold. The other maa receives a salary to do 
certain services, the use of tlie house being a portion of that salary. In the latter case, if 
for a man*8 own private convenience he lays out a large sum on the freehold, that expendi- 
ture will seriously affect his successor, if he have to be burdened with large and expensive 
erections or decorations suitable perhaps for one of an aristocratic family, but quite foreign 
to the habits of a future rector of the village coming in as an ordinary occupant. 

Such arc the general principles of the law of dilapidations ; these, in their application, 
generally impose upon the out-going occupant or his representatives the payment of a sum for 
whicii special provision is rarely made during the occupancy : the misery thus entailed is 
sometimes evaded in civil cases by the lessee, who parts with the remainder of a lease to 
any one wlio will give something for it ; or who (if the lessor be not careful) assigns it tc 
a man of straw. 


CHAP. HI. 

CALCULATION OF INTEREST. 

Interest, or the value of the use of money, is usually expressed per cemi., or after 
the rate per hundred on the principal lent. Thus, if we put out 500 pounds sterling at 
5 per cent., it signifies that for every hundred pounds the lender is to receive five pounds 
per annum during the continuance of the loan. The solution of this questioiH whtol) is 
one merely of eimpie interest, is so obvious, that it is unnecessary further to detain the 
reader upon it ; and we therefore pass on to compound interest, or interest upon interest, 
which arises from the principal ani| interest taken together, as It becomes due at the end 
of each stated time of payment. 

In the resolution of this question, we are to consider that lOOi at the end of a year 
becomes 105L Let a » principal. Its amount at the end of the year is found by saying, 

if ICX) gives 105, what will a give? and we answer which may be also expressed 

|J»<«,ora^J,xa. 

Thus, by adding its twentieth part to the original principal, we have the principal 
fU the end of the first year ; adding to this last its twentieth, we know the amount of thq 
given principal in two years, and so on. Hence the annual increases to the principal may 
be eanly oomputi'd. ^pposs^ ft>r instance, the principal of 10007. Expressing the values 
hi dodmal fraetidus, it will be worth— 
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Aftifflyotf « . -£10^ 

52*5 Ona jear*s interatt cm £i03iX 

AAer :2 yean • • - 110SS*5 

55-125 — noS-5 

After 3 yean • • * 1157*625 

57*881 — 1157*625 

After 4 yean - - - 1215*506 

60*775 — 1215*506 

After 5 yean . - « 1276*281 &c. 

The method above exhibited woulA however, in calculations for a number of years, bccouii 
very laborious, and it may be abridged in the following manner. 

Let the present principal a ; now, since a principal of 20^ will amount to 21 /!. at 
the end of a year, the principal a will amount to x a at the end of that time. At the eild 
of the following year the same principal will amount to^ x a » (|J)3 x a. This principal 
of two years will, the year after, amount to (|J)3 x a, which will therefore be the principal 
of three yean ; increasing in this manner, at the end of four yean the principal becomes 
(jj)+ X a. After a century it will amount to ^ a, and in general (U)” x a is the 

amount of the principal after a years ; a formula serving to determine the amount of prin- 
cipal after any number of years. 

The interest of 5 per cent, which has been taken in the above calculation, de- 
termined the fraction fj. Had the interest been reckoned at 6 per cent, the principal a 
would at the end of a year be (jJJ) x a ; at the end of two years to x a ; and at the end 
of n years to ( jJJ) ” x <i. Again, if the interest be at 4 per cent, the tflmcipal a will, after n 
years, be (UJ) ** X a. Now all these formula are easily resolved 8y logarithms; for if, 
according to the first supposition, the question be (JJ) “ x a, this will be L.(ji)" + L.fl, and 
as (|J) " is a power, we have L.(Ji) "e=ttL. jj : so that the logarithm of the principal re- 
quired is »= a X L.I^+ Xi.a, and the logarithm of the fraction J(=cL.21 — L.20. 

We shall now consider what the principal of 10CX)4 will amount to at compound 
Interest of 5 per cent at the end of 100 years. Here n»100. Hence the logarithm of 
the principal required will be a=100L.H+ L.1000, calculated as under ; — 

L.21» 1*32221 93 
Subtracting L.20 « 1 *3010300 

L.jJ-0'0211893 
Multiply by 100 

100 L.§i- 2*1 189300 
Add L. 1 000 « 3 *0000000 

5*11 89300 «Logaritlqn of the principal 
required, from the characteristic whereof the principal must be a nMbcr of six figures, 
and by tlic tables it will appear to be 131,501/. In the case of d principal of 3452/. at 
6 per cent for sixty-four years, we have an 3452 and nn64. Principal at the end of the 
6rst year therefore Hence the logarithm of the principal sought » 64 x L.{j + 

L.3452, which will be found to amount to 143,763/. 

When the number of years is very great errors of considerable magnitude may 
arise from the logarithms not bein|; sufficiently extended in the decimal places ; but as our 
object here is only to show the principle on which these calculations are founded, we do 
not think it necessary further t/o pursue that subject 

There is another case which now requires our consideration ; it is that of not only 
adding the interest annually to the principal, but increasing it every year by a new sum 
The original principal a would then increase in the following manner : — 

After 1 year, + 5 
After 2 years, (|J)«a + §J5 + 5 
After 3 years, (|J)So + (U)«5 + 146 + 5 
After 4 years, (»)♦« + (fi)»6 + (|4)<6 + 4*6 + 6 
After* yew, (|J)»a + (U)»->»+(a)*-»6 + . . . . yfi + b 
This principal evidently consists of two parts, whereof the 6rst »i(U)**a, and the other, 
taken inversely, forms the aeries 6 + |j6 + {U)*6 + (|4)96 + . , . . (#)*•"■ This last aeries ii 
eridently a geometrical prilgr^sion, whose exponent Its sum, therefore, will he found 
by first multiplying the last^erm by the etpooent tvfaleh gives Sub*' 

tract the drst term 6, and ^ remainder ; and lastly, dividiiig |jiy the ea« 
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ponent minus L tluU is, ^ ^ we have the sum required, » ~ 206, Wherefore tlw 

principal sought is (jj)'*o + 20( jj) '*6—206 x (fl + 206)— 206, 

To resolve this formula we must separately calculate its fir8tterm(|J)** x (o + 206), 
which b nL. |}+ L.(a + 206), for the number which answers to this logarithm in the tables 
will be the first term, and if from this we subtract 206 we have the principal sought. 

Suppose a principal of lOOOf. placed out at 5 per cent, compound interest, and to it 
there be annually added 1006 besides it» compound interest, and it be required to know to 
what it will amount at the end of 25 years. Here a » 1000, 6ol00, a >>25* and the 
operation is as follows : — 

L.|J«0021189299 

Multiply by 25 we have 25L.Ji« 0*5297324750 
L. (a + 206) « 3 *477 1213135 


« 4*0068537885 


Tlie first part or number which answers to this logarithm is 10159*16 ; from which if we 
subtract 206»c20p0 we find the principal in question to be after 25 years 8159*16 

If it be required to know in how many years a principal of lOOOl. under the above 
conditions would amount to 1,000,0006 ; let n be the number of years required, and since 
a«i 1000, 6« 100, the principal at the end of n year* will be 3000)— 2000, which sum 
must make 1,000,0006 ; whence results this equation: — 

8000 (jj) " 2qp0 = 1 000000 

Adding to both sides 2000 we have 3000 (jl) 0^2000 f* 

Dividing both sides by 3000 we have (}J)n 334 ^ ^ 

Using logarithms we have nL.}JasL.334, and dividing by L.J}, we obtain 

L. 334 « 2 *5237465 and L. jj»0*021 1893, wherefore If, lastly, the two terms 

of this fraction be multiplied by 10000000, we shall have n » equal to one hun- 

dred and nineteen years one month and seven days, which is the time wherein the prin> 
cipal of 10006 will be Increased to 1,000,0006 In the case of an annual decrease 
stead of increase of the capital by a certan sum, we shall have the following ^datious^as 
tile values of a, year after year, the interest being at 5 per cent, and, representmg by 6 the 
sum annually abstracted from the principal, 

After 1 year it would be - 6 
After 2 years — ~ ^ 

After 3 years — ^ (|J)®«— ^ 6— 6 

After n years — (Ji)”<i-(|4)’*~’6-(J4)**-*26 .... -(^>6-6. 

'xhis principal evidently consists of two parts, one whereof is (5i)”a, and the other to be sub- 
tracted therefrom, taking the terms inversely, forms a geometric^ progression, as follows : — 

6+aj)‘+ai)*fr+(U)®*+ — (a)-'* 


The sum of this progression has already been found » 20 ({^) "6— 206 ; if, therefore, this 
be subtracted from bave the principal required after n years = ~* 206) + 206. 

For a less period than a year, the exponent n becomes a fraction ; tor example, 1 day 
= 3jj, 2 days = 3J3, and so on. It often happens that we wish to know the present value of 
a 3^um of money payable at the end of a number of years. Thus, as 20 pounds in ready 
riion^^ amount in a twelvemonth to 21 pounds, so, reciprocally, 21 poun& payable at the 
and or^a year can be worth only 20 pounds. Therefore, if a be a sum payable at the end 
of a ycfl^, the present value of it is Hence, to find the present value of a principal a 
at the en d of a year, we must multiply by ; to find its present value at the end of two 
years, it : most be multiplied by (fi)^ ; and, in general, its value n years before the rime of 
payment be expressed by (K)"®* 

T > rhu8, suppose a rent of 1006 receivable for 5 years, reckonii^ inforesi at 5 per 
ooQt, if w would know its valilcfin present money, we have 

For £100 due after 1 year, the present value U £95*239 
after 2 years — 90*704 

after 3 years — 86*385 

after 4 years — 82*272 

after 5 years — 78*355 

Sum of the five tenns 


80 that in 

Alt , 
•Mtr b» flwiitl 



^432 *955 

jt money# the value is 43^6 1 9t. Id. 

a great nttmber of years such a ealoiriatien would beooine labor ous. ]| 
itated as the annual rent commauing directly and ocm- 
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linuing n jeora, it will be worth o + (H)o + (||)*a+(|f)*o+(fl/a ... . + which 
k a geometrical progreesion whose sum is to be found. We hare therefore only to multiply 
the last term by ttie exponent, the product whereof is then subtract the first term, 

and the remainder is a. Lastly, dividing by the exponent minus 1, that is, 

or, which is the same, multiplying by— 21, we have the sum required) + 21a, 

CUT 21a— 2l’'‘^’a, the value of which second term is easily calculated by logarithms 


CHAP. IV. 


COMPOUND INTEREST AND ANNUITY TABLES. 

As the architect is often called on to value propertv, we here add some practical obser- 
vations on the subject, and a set of Tables for the ready calculation of such matters, which 
we shall at once explain. 

Taslx Fiest contains the amount of U. put out to accumulate at compound interest for 
any number of years up to 100, at the several rates of 3, 4, 5, 6, 7, and 8 per cent. The 
amount of any other sum is found by multiplying the amount of 1/ found in the table at 
the given rate Mr cent.^,aad for the given time, by the proposed sum. 

^ Example Required the amount of 755/. in 51 years, at 5 per cent. 

^ Amount of 1/. for 51 years, at 5 per cent, is - - - ‘ - 12*040769 

Given sum - 755 


or 9090/. 15*. 7 


£9080-780595 


Table Second contains the present value of 1/. payable at the end of any number of years 
up to 100. The present value of any given sum payable at the expiration of any number 
of years is found by multiplying the present value of 1/. for the given number of years, at 
the proposed rate per cent , by the given sum or principal. 

Example: — Required the present value of 90904 payable 51 years hence, compound 
interest being allowed at 5 per cent. 

fiy the table, the present value of 14 payable at the expiration of 
51 years at 5 per cent, is- - - -- -- *083051 

Given principal - -- -- -- -- 9090 


or 7544 18s. 7^^- 


£754*933590 


Table Third contains the amount of an annuity of 14 for any number of years, and U 
thus used. Take out the amount of 14 answering to the given time and rate of intaffsti 
this multiplied by the gi^en annuity will be the required amount. 

Example : — Required the amount of an annuity of 274 in 21 years, at 5 per cent, cooir 
pound intereht. 

Annuity of 14 in 21 years at 5 per cent. - . - . . 35*719251 

Annuity given 27 

or 964t 8». 4^ 596^419777, ow 

Table FouBm show* the presmt value pf an annuity of U. for tdtf number of f 
S, 4, 5, 6. 7, and 8 per cent., ilid is used as follows: — j 

First, nhen tlie annuity commencyt immediately. Multiply tlie tabular numben 
ina to the given years and rate of inWrest by the given annuity, and the product w^ 
vidue required. ^ (This tal)le provides for the peroentage and to get back the priq 

Example:— Required the present value of an annuity of 454, which is to 
years, at the rate of 5 per cent. 

Under 5 and opposite to 48 years is (years* purchase) * • 16*0) 

Annuity given - -- -v---- 


or 8134 9s, 5^. 


Sspond, when the annuity does not commenoe till after a certain number of m series is 
tiply the difference between the kbitlfr numbers answering to tli«»4inie of eoill be ftmnd 
end, at the proposed jof li||evfs|,« by the given Hie Bub*' 

Tiluf n^niiud. "byHwM- 



£SIS 
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Eianplc. 

An •dDutty of 40^ li to eonimenee 20 years henoe^and is to eontiniio 80 years; required 
its jwesent ratue) the rate of interest being 4 per cent 

Under 4 per cent and oppoute to 20 u - • • • « 18 590S26 

U ider 4 per cent, and opposite to 50 (20-i- 80) is - • • 21 *482184 

Difference - - 7*891856 

Annuity given - 40 

£315*^74820 

or SlSl \3i, 5f^ 


Tabli Fifth contains the annuity which H will purchase, compound Interest being 
allowed. The manner of using this table is obvious, from what has been said relative to 
the preceding tables. 

Example. 

What annuity for 10 years will 5001. purchase, the rate of interest being 5 per cent.? 


Under 5 and opposite to 10 is • • - • - - • *1 29504 

Principal given 500 


* <64'752000 

or €4L I5i, Of^. 


Tables Sixth, Seventh, and Eighth are for finding the value of annuities on single and 
Joint lives, and were constructed by Simpson, on the London bills of mortality. 

To find the value of an annuity for a single life, at a proposed rate of interest, within the 
limits of the table, take from Table VI. the number answering to tlte given age and proposed 
rate of interest, which multiplied by the given annuity, the product will be the value re- 
quired. 

Example. 

What is the value of an annuity of 50l. upon a single life aged 40 years, according to the 


London bills of mortality, the rate of interest being 4 per cent ? 

The value of an annuity of 1/. for 40 years at 4 per cent is • • « 1 1 *5 

Annuity 50 

Value ••••••••••• £575 


To 8nd the value of an annuity of two joint lives, multiply the number in Table VII. 
answering to the given ages, and at the proposed rate of interest, by the given annuity, and 
the produc^^l be the required value. 

* Example. 

What is the value of an annuity of 602. for two joint lives^ the one being SO and the other 
10 years, interesf at 4 per cent ? 

The number answering to 80 and 40 years at 4 per cent is - - • 8*8 

Annuity .------•--•>60 

£5^ 


R 

riioiil 
end 01 
of a 
at the ei 
years, it 
pHyment 
'I 

^nt, if \ 


the value of |8I annuity for the longest of two given lives, proceed as directed in 
pmediately preceding, but using Table VI II., and the product will be the value. 

Example. ^ 

[the value of an annuity of 602. for the longest of two lives, the gtw being 80 and 
1 yean, interest at 4 petj(||bnt ^ 

Ibular number answering at 4 per ceeit 2s • * • - 15*9 

' 60 

\ value -.*---•••• £954*0 

five tables whiqfa follow are printed firom thoee of Smart; the remainder are 

fofokihC ^ valuation of annuitiei^ IlWhn not very frequently im- 
So that m ptlew|dleet, hu»%|miheoltftely necessary he£imd# | b| i*M i ab le of parfonoing thwft , 

But 
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The Amount of One Pound in any Kimiber of TBex% &e. 
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Tent. 

• pwCeiit. 

4|^ Ceat. 

Bptr Cmt 

6 per Cent. 

rjperCent 

• percent. 

1 

1014889 

1 <019803 

1*024695 

1*029563 

1*034408 

I*<g9230 , 

I* 

1030000 

1*040000 

1*050000 

1*060000 

1*070000 


4 

10*5335 

1*060596 

1*075929 

1*091336 

1*106816 

1*122368 

' ? 

1060900 

1*081600 

1*102500 

1*123600 

1 *144900 

1*166400 


ld076695 

1*103019 

1 *129726 

1*156817 

1‘] 84293 

1*212158 

B 

1092727 

1*124864 

1 *157625 

1*191016 

1*225043 

1*2.59712 

Bj] 

1*108996 

1*147140 

1*186212 

1*226226 

1*267194 

1*2091.31 

Ka 

1*125508 

1*169858 

1*215506 

1 *262476 

1*310796 

1 *360488 

Bll 

1*142266 

1*193026 

1*245523 

1 *299799 

1 *355897 

1*413861 

B 

1*159974 

1*216652 

1.276281 

1*338225 

1 *402551 

1*469328 

H 

1*176534 

1 *240747 

1*307799 

1*377787 

1 4.50810 

1 *526970 

$ 

1*194052 

1*265319 

1*340095 

1-41 851 9 

1*500730 

1 *586874 


1*211830 

1*290377 

1*373189 

1 *460454 

1 *552367 

1*649128 

7 

1*229873 

1*315931 

1*407100 

1*503630 

1 605781 

1*713824 

n 

1*2481 85 

1*341992 

1*441848 

1 *548082 

1 *661033 

*1 *781058 

8 

1*266770 

1 *368569 

1 *477455 

1 *593848 

1*718186 

1 *850930 


1*285631 

1*895672 

1*513941 

1*640967 

1 *777305 

1*923543 

9 

1*304773 

1*423311 

1*551328 

1 *689478 

1 *838459 

1*999004 

91 


1*451498 

1 *589638 

1 *739425 

] -901717 

2*077426 

El 

1*343916 

1 *480244 

1*628894 

1 *790847 

1*967151 

2.158925 

101 

1.363926 

I *509558 

1*669120 

1 *84.3790 

2*034837 

2*243620 

11 

1.384233 

1 *539454 

1*710339 

1 *898298 

2*104851 

2*331639 


1*404843 

1*569941 

1*752576 

1*954417 

2*177275 

2*423110 

12 

1*425760 

1 *601032 

1 *795856 

2*012196 

2*252191 

2*518170 

121 

1 *446989 

1 *632738 

1*840205 

2*071683 

1 

2*329685 

2*616959 

13 

1*468533 

1*665073 

1*885649 

2*132928 

2*409845 

2*719623 

134 

1*490398 

1 *698048 

1*932215 

2*195984 

2*492763 

2*826315 

14 

1*512589 

1*731676 

1*979931 

2*260903 

2*578534 

2*937193 

'144 

1*535110 

1*765970 

2*028826 

2*327743 

2*667256 

8*052421 

15 

1 -5^7967 

1 *800943 

9-078928 

2-396558 

2*759031 

8*172169 

154 

1*581164 

1*836609 

2*130267 

2*467407 

2*853964 

8*296614 

16 

1*604706 

1*872981 

2*182874 

1 2*540351 

2*952163 

3*425942 

164 

1*628599 

1*910073 

2*236780 

2*615452 

3*053741 

8*660344 

17 

1*659847 

1*947900 

2*292018 

2.692772 

3*158815 

8*700018 

171 

1*677457 

1*986476 

2*348619 

2*772379 

3*267503 

3*845171 

18 

1*702433 

2*025816 

2*406619 

2*854339 

3*879082 

3*996019 

184 

1*727780 

9-065935 

2*466050 

2*938722 

8*496229 

4*152785 

1^ 

1*753506 

2*106849 

2*526950 

3*025599 

8*616527 

4*815701 

191 

1*779614 

2*148573 

2*589353 

8*115045 

3*740965 

4*485008 

SKI 

1*806111 

21Sai2S^ 

2*653297 

8*207135 

8*869684 

4*660957 

201 

1 ■839002 

2*234515 

2*718821 

3*801948 

4<I038S8 

4*848808 

21 

1*860294 

2*278768 

2-78590$ 

8*899568 

4'140jfiS 

5<388833 

911 

1*887992 

2*823896 

2*854762 

8*500064 

4-88308] 

5*281813 

22 

1*916103 

2*369918 

2*925260 

8*608587 

4*480401 

5*486540 

991 

1*944632 

2*416852 

#*997500 . 

8*710068 

4*888843 

5*649818 


1*973586 

8*464715 

3-071 383 

8*819749 

4*440888 

8«714CS 

«*< 

8*009971 

8*518596 

8*147873 

8i9S#672 

4’808«4« 

•'101804 

SH 

2<09ttM 

8*568904 

S-88309P 


8<078a88 

«!S41180 


f<W80to, 

8-61W7 

r 9904744 


84](iB88< 

#'ff8948 

if 


s<MWa6 


4mm 

l.t'mm I 

4f4847S 
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COMPOUIIO iHfEUEST TABUE 

The Fimt Table or CoMrocnro Ihtebbiv — ctmtimmL 
Tho Anumnt of One Pound in nny Number of Ytmtw, 




YearA 

SpmCmA, 

4per Cent. 

5pef Cent 

6 per Cent 

fper 

- 

1 

tperCSmt 

25i 

3-134953 

2*718630 

3*469981 

4-41875f- 1 

5*614179 

T*1ITI44 

26 

2*156591 

S-772469 

3-555678 

4*549382 

5*807352 

7-9005^0 

261 

2*188701 

2*827375 

3*643480 

4*683876 

6*007172 

7-0W5I5 

27 

2*221289 

2*883368 

3*733456 

4*822345 

6*213867 

,7-088001 

27i 

2*254362 

2*940470 

3*825654 

4*964909 

6*427674 


28 

2*287927 

2-998703 

3*920129 

5*111686 

6*648838 

8-89710S 

28i 

2*321992 

3058089 

4016937 

5*262803 

6*87761 1 

8*965551 

29 

2*356565 

3*118651 

4*116135 

5*418387 

7*114257 

9617274 

291 

2*391652 

3*180412 

4-217783 

5*578571 

7*359044 

9682796 


2*427262 

3*243397 

4-321942 

5743491 

7612255 

10*062656 

301 

2*463402 

3*307629 

4-428673 

5 -913286 

7*874177 

10*457419 


2*500080 

3*373133 

4-538039 

6088100 

8*145112 

10-867669 

311 

2*537304 

3*439934 

4*650106 

6*268083 

8*425370 

1K294Q1SIJ 


2*575082 

3*508058 

4*764941 

6*453386 

8*715270 

11*737083 

321 

2^13423 

3*577532 

4*882612 

6*644168 

9015146 

12-J97S34 

33 

2^52335 

3*648381 

5-003188 

6*840589 

9*325339 

12-676049 

331 

2*691826 

3*720633 

5*126742 

7*042818 

9646206 

13*173337 

34 

2*731905 

3*794316 

5*253347 

7*251025 

9-978115 

13690133 

341 

2*772581 

3*869458 

5*883079 

7*465387 

10*321440 

14*227204 

35 

2*813862 

3*946088 

5*516015 

7*686086 

10676581 

14*785344 

351 

2*855758 

4*024236 

5-653333 

7*913310 

11*043941 

15*365380 

36 

2*898278 

4*103932 

5-791816 

8*147252 

n -423942 

15*968171 

361 

2*941431 

4-]85a06 

5-934845 

8*388109 

11*817017 

16*594610 

37 

2*985226 

4*268089 

6-081406 

8*636087 

12*223618 

17-245625 

37* 

3*029674 

4*352614 

6*231587 

8*891395 

12*644208 

17*922179 

38 

3074783 

^H38813 

6*385477 

9*154252 

13079271 ] 

18*625275 

381 

3*120564 

4*526719 

6*543167 

9*424879 

13*529303 

19*355954 

39 

3*167026 

4*616365 

6*704751 

9703507 

13-994820 

20-115297 

391 

3*214181 

4*707788 

6*870325 

9*990372 

14*476354 

20-904430 . 

40 

3*262037 

4*801020 

7*039988 

10*285717 

14*974457 

21*724521 

401 

3*310606 

4*896099 

7-213841 

10*589794 

15*489699 

22-576785 

41 

3*359898 

4*993061 

7-391988 

10*902861 

16*022669 

23-462483 

4IJ 

3*409924 

5091943 

7-574533 

11*225182 

16*573978 

I 24-382927 

43 

3*460695 

5*192783 

7-761587 

11*557032 

17*144256 

25639481 

4SJ 

3*512222 

5*295621 

7-953860 

11*898693 

17*734157 

26*333562 

43 

3*564516 

5*400495 

8*149666 

12*250454 

18*344354 

27*366640 

431 

3*617589 

5*507446 

8*350923 

i 12*612615 

18*975548 

28-440247 

44 

3*671452 

5*616515 

8*557150 

12*985481 

19628459 

29*555971 

441 

3*726117 

5*727744 

8*768469 

13*369371 

90*303836 

30*715466 

45 

3*781595 

5*841175 

j 8*985007 

13*764610 

21*002451 

^ 31 *920449 

46i 

8*837900 

5*966853 

jr 9*206893 

14*171534 

21*725105 

P $3*172704 

46 

3*895043 

6074822 

9*454258 

14*590487 

22*472623 

34*474085 

464 

3*953037 

6*195127 

9*6<572tf7 

15021826 

23*245862 

35626520 

47 

4011395 

6*317615 

9*905971 

15*465916 

94*045707 

^7*232012 

474 

4071626 

6*442933 

10*150599 

15*923135 

24*873072 

38692642 

48 

4-is0asi 

6-070508 

10*401269 

16*393871 

25*728906 

4Q-21057S 

481 

4-199777 i 

6-700650 

10*658199 

16*878524 

26614187 

41*788053 

40 

4<tM»0 1 

6-6S3S40 

m*9^1333 

17*377504 

27 529929 

43627418 




imi 0 S 6 

i7^mm 

28^77l«) 

45*131097 

m 

«4MMMNr 


W4I67399 

11*490154 : 


46601612 



Boo« IV 


,fo8 fAioATtou orn^nMtr. 

i 

Tut Ftttr lj>ku or Coxroowo Irnatm—mMnti 
Hie Amount of Om Pouni in •07 NmatemrTtnn^ Ac, 


Yean 

, 3 per Cent 

4 per Cent. 

5 ptr Coot. 

6p«r Cent. 

7per Ctot 

9 per Ceut. 

501 

4-449178 

7-247423 

11*750568 

18-964709 

50*470583 

48*741585 

51 

4^515483 

7-390950 

12040769 

19-525563 

31*519026 

50*653741 

51i 

4*582654 

7-537320 

12*338117 

20-102592 

321603524 

52*640912 

58 

4*650885 

7*686588 

12*642806 

20-696885 

83-725347 

54*706040 

524 

4*720133 

7*838813 

12-955023 

21*308747 

34*885771 

56*852185 

53 

4790412 

7*994052 

13-274948 

21*938698 

36*086122 

59*082524 

534 

4-861737 

8*152365 

13*602774 

22*587272 

37*327775 

61 *400360 

54 

4-934124 

8*313814 

13*938696 

23*25.5020 

38*612150 

63*809126 

544 

5*007589 

8*478460 

14*282913 

23*942508 

39-940719 

66*312389 

55 

5*082148 

8*646366 

14*635630 

24650321 

41*315001 

68*913856 

55i 

5-157817 

8*817598 

14*997058 

25-379059 

42*736569 

71*617380' 

56 

5-234613 

8*992221 

15*367412 

26-129340 

44-207051 

74*426964 i 

56i 

5-312552 

9*170302 

15*746911 

26-901802 

45-728129 

77*346770 

57 

5*391651 

9*351910 

16*135783 

27-697101 

47*301545 

80*381121 

571 

5-471928 

9*537114 

16*534257 

28*515911 

48*929098 

83*534512 

58 

5*553400 

9*725986 

16*942572 

29*358927 

50*612653 

86*811611 1 

584 

5*636086 

9*918599 

17*360970 

30*226865 

52*354135 

90*217273 

59 

5*720003 

10*115026 

17*789700 

31 -120463 

54*155539 

93*756540 

591 

5*805169 

10*315343 

18-229018 

32*040477 

56*018925 

97*434655 

60 

1 

5-891603 

10*519627 

18*679185 

32-987690 

57*9464*26 

101 *257063 

60i 

5-979324 

10*727957 

19*140469 

33-962906 

69*940249 

105*229427 

61 

6*068351 

10 940412 

19-613145 

34-966952 

62*002676 

109*357628 

6)1 

6*158703 

11*157075 

20*097493 

36-000680 

64*136067 

113*647781 

62 

6*250401 

11*378029 

20*593802 

87-064969 

66*342864 

118*106239 

681 

6*343464 

1 1 *603358 

21-102367 

38-160721 

68*625592 

122*739604 

63 

6 43791 3 

11*833150 

21 -623492 

39*288867 

70*986864 

127*554738 


6*533768 

12*067492 

22*157486 

40*450364 

73*429383 

132*558772 

1 64 

6*631051 

12-306476 

22*704667 

41*646199 

75 955945 

137*759117 

644 

6-729781 

12-550192 

23*265360 

42*877386 

78*569440 

143*163474 

65 

1 6-829982 

12*798735 

23*839900 

44*144971 

81*272861 

148-779846 

654 

6-931675 

13-052200 

24*428628 

45*450030 

84*069301 

154-616552 

66 

7-034882 

13-310684 

25031895 

46*793669 

86*961961 

160682234 

661 

7-139625 

13-574288 

25*650060 

48*177081 

89*954152 

166*9858761 

67 

7-245928 

13-843112 

26*283490 

49*601290 

93*049298 

173*536813 

674 

7-353814 

14-117259 

26-932563 

51*067653 

96*250943 

180-344746 

68 

7-463306 

H-396836 

27 597664 

52*577367 

99-562749 

187-41 9758 

681 

7-574428 

H'6819jO 

28*279191 

54*131713 

102*988509 

194-772326 

69 

7-687205 

14-972709 

28-977548 

55*732009 

106-532142 

202-4)8338 

694 

7-801061 

15-269228 

29*693150 

67*379615 

110*197704 

210-354112 

70 

7-917821 

15-571618 

30-426425 

59 075930 

113*969392 

21 8606405 

701 

8-035711 

15-879997 

31 -177806 

60-822392 

117-911544 

227*182441 

71 

8-155356 

16-194483 

51 -947746 

62«620485 

121 *968549 

256 694918 

714 

8-276782 

16-515197 

32-736696 

64-471736 

126*165352 

245*357036 

78 

8*400017 

16-842262 

83-545134 

66-377715 

190*506455 

254-982511 

724 

8-525086 

17-175804 

•4-875555 

68 -540040 

134-996926 

264*985599 

73 

8*652017 

17-515952 

55*222090 

70-550378 


275*381111^ 

731 

8-780639 

17-862837 

56O922I0 

72-440442 


256*184447 

74 

8-911576 

18-216591 

86-985510 

74*552000 

149-41M40 

297*41 15^^ 

744 

9044264 

18-577350 

57*596821 

76*786569 

IM'ASrMI 

509679203 

75 

1 9*176925 

18-945254 

88-55S855 

79*056590 


541*904529 














































Cntf. It; COMPOUND l]NT?Ap«T 

The Piiur Table or Compovko I]fTEESiT**-oMlfRiiii(ll 
Tho Amount of One Pound in muy Nuudwr of Ymn^ A0« 

I Years. 8 per Cent. 4 per Cent. 8 per Cent. 6 per Cent. | 7 per Cent. 


751 9*315592 19-320444 

76 9-454293 19*703064 

761 9*595059 20.-09S262 

77 9-737922 20*491187 

771 9*88291 1 20*896992 


i 


(per Cent. 

6 per Cent. 

. 7 per Cent. 

8 per Cent. 

39*791662 

40*774320 

41*781245 

42*813036 

43*870307 

81 *394081 
83 800336 
86*277726 
88*828356 
91 *454390 

165*377040 
171 -067340 
176*953433 
183*042054 j 
189-340173 

333-805539 

846-900892 

360*509982 

374*652963 

389*350781 


10*030059 

10 179399 
10*330961 
10*484781 
10*640890 

10*799324 

10*960117 

11*123304 

1 1 *268920 
11*457003 


12*519376 

12*705779 

12*894958 

13086953 

13*281806 


21*310834 

21*732872 

22*163268 

22*602187 

23*049799 

23*506275 

23*971791 

24*446526 

24*930662 

25*424387 


25*927889 

26*441362 

26*965004 

27*499017 

28*043604 


28*598977 

29*165349 

29*742936 

30*331963 

30*932654 


15*626506 

15*859172 

16.095301 

16*334947 

16*578160 


16024995 
17075505 
17 329745 
17*587770 
17*849687 


98 18*115403 

98| 18*385126 

99 18*658866 

69| t8*9ai680 

100 10018681 


38*379609 
39 1 39675 

39- 914794 

40- 705262 

41- 511385 


42- 333473 

43- 171841 
44026812 
44*898715 
45-787884 


46*694663 

47*619400 

48*5624^ 

49*524176 

Mstmm 


44*953688 

46*063822 

47*201372 

48*367013 

49*561441 


94*158057 

96*941653 

99-807541 

102*758152 

105*795993 


50*785364 108*923642 
52*039513 I 112*143753 
53 *324632 I 1 1 5 *459060 
54*641488 j 118 *872378 
55*990864 122*386604 


57 373363 
58*790407 
60*242241 
61 *729928 
63*254353 


64*816424 

66*417071 

68057245 

69*737924 

71*460108 


126 004720 j 
129*729800 
133*565004 
137*513588 
141 *578904 


145*764403 
150073638 
154*510267 
159*078057 ; 
163*780884 | 


195*854998 

202*593985 

209*564848 

216-775564 

224*234387 

231 *949854 
239*930794 
248*186343 
256*725950 
265-559387 


i 274*696766 
284*148545 
293*925540 
304038943 
314*500328 


325*321669 

336*515351 

348094186 

360071425 

372*460779 


404*625200 
420*498844 
436*995216 
454*138751 
471 *954834 

490*469851 

50W11221 

529*707439 

550*488118 

572*084035 


594*527168 
617*850757 
642 089341 
667*278818 
693*456488 

720*661124 
748*933008 
778*314013 
808 847648 
840*579135 



82*724007 
84*766883 
86*860208 
89*005227 
91*203218 i 


93*455488 

95*763379 

98*128263 

100*551548 

103*034676 

105*579125 
108 186410 
110*858089 
113*595730 
U6*400Sf86 


119*275517 
122-921035 ; 
125-239993 j 
128-332087 
131-501257 


195*065653 

200*832381 

206*769592 

212*882324 

219*175768 


225*655264 
232 326314 
239*194580 
246*265893 
253*546254 


261-041846 

268*759030 

276*704357 

264*884572 

293*306618 


301 *977646 
310*905016 
320*096305 
329*559317 
339*302083 


456 280470 
471*980188 
488*220103 
505*018801 
522*395510 


540*370117 

558*963196 

578*196026 

598*090619 

618*669747 


1058*887623 

1200*428296 

1143*598633 

1188*462560 

1235*086523 


1283*539564 

1333*893445 

1386-222730 

1440*604921 

1497*120548 


639*956963 1555*853315 
661*976630 1616*890192 
684*753950 1680*321580 
708*314994 1746*241407 
732*68.6727 1814*747306 


757*897043 |l«85*940720 
783*974797 jl 959*927091 
810-949836 !2036*815978 
838*853033 12116*721258 
867*716325 I2l99‘761256i 









11)0< . 


0. . VALOATlOa OF FROPERTT. Rwc ^ 

TtfX SkcOKO TaIUE or COMtOVXA IlfRUtr. 
piiiiiil Valiw of Our P0«nd payol^ki at the End of any Number of Tean, &c. 


»yer Cent 

4 per Cent. 

4per QiiW 

•285329 

^305f0 

•975900 

•970873 

•961538 

•952380 

•956630 

•942866 

•929428 

•942595 

•924556 

•907029 

•928767 

•906601 

•8851 70 

•915141 

•888996 

•863837 

•901715 

•871732 

•843019 

•888487 

•854804 

•822702 

•875452 

•838204 

•802875 

*862608 

•821927 

•783526 

•849953 

•805965 

•764643 

•837484 

•790314 

.746215 

•825197 

•774967 

•728231 

•81S091 

•759917 

•710681 

•son 62 

•745160 

•693553 

*789409 

-730690 

•676839 

•777828 

•71 6500 

•660527 

•766416 

•702586 

•644608 

•755172 

•688942 

•629073 

•744093 

•675564 

*613913 

•733177 

*662445 

•599117 

•722421 

•649580 

•584679 

•711H22 

•636966 

•570588 

•:01379 

•624597 

•556837 

•691090 

•612467 . 

*543417 

•680951 

•600574 

*530321 

•670961 

*588911 

•517540 

•661117 

•577475 

•505067 

•651418 

•566260 

1 *492895 

•641861 

•555264 

•481017 

•6324^35 

•544481 

•469424 

*623166 

•533908 

*458111 

•614024 

•523540 

•447071 

*605016 

•513373 

*436296 

•596140 

•503403 

•425781 

*587394 

^198628 

•415520 

•578777 

•484042 

•405506 

•570286 

•474642 

•395733 

•561919 

• 46542 $ 

•386196 

•553675 

•456386 

976889 

*545552 

•447524 

•367806 

•537549 

•488688 

•858942 

•529663 

•480311 

•850291 

•521892 

•421955 

•541849 

•5142S5 

•413761 

•883611 

•506691 

•405726 

825571 

•499258 

•897847 

•817725 

•491938 

•890121 

•810067 

•484716 

•888545 

*80259^ 

•477605 

•875116 

•295802 


•971285 
•943396 
•91 6307 
•869996 
•864440 


•839619 

*815510 

•792093 

•W9S49 

•747258 


•725801 

•704960 

•684718 

•665057 

•645960 


•627412 

•609396 

‘591898 

•574902 

•558394 


•542360 
•5.6787 
•511661 
•496969 
•482699 


‘468839 

•455376 

•442300 

•429e;(X) 

•417265 


•405283 

*393646 

•382343 

•371364 

•360701 


•350343 
•840283 
•33051 3 
•321022 
*311804 


•302851 

•294155 

•285708 

•277505 

•269596 


•261797 

•254279 

•246979 

•2$9888 

•292999 


•966736 

•934579 

•903492 

•873438 

•844385 


•816297 

*789144 

•762895 

•737518 

'712986 


•689269 

•666342 

•644177 

•622749 

■602034 


•582009 

*562649 

•543933 

•525840 

•508349 


*49)439 
•475092 
•459289 
•44401 1 
•429242 


•414964 

•40J16I 

•387817 

•S74917 

•362446 


•350389 

*338734 

•327467 

•316574 

•306044 


•295863 

*286022 

*276508 

•267310 

*258419 


*249823 

*241513 

*283479 

*223718 

*218205 


*210946 

*208930 

•197146 

^190586 

*134263 


*962250 

•925925 

•890972 

•857338 

•824974 


*793882 

•763865 

•735029 

•707282 

•680583 



•540268 

•519873 

•500248 

•481864 

*463193 


•445708 

•428882 

•412692 

•397113 

•382122 


•367697 

•353817 

•340461 

•327608 

•315241 


•30334 1 
•291390 
*280871 
•270268 
•260066 


•250249 

*240602 

•231712 

•222965 

•214548 


•206449 

•198655 

•191156 

•133940 

•176996 







































































Cmu. nr. COMPOUND INTEBE«T TABliM 'ItW, ’ 

The SaooED Tjuiti or Comeouiio XiifEEts»-«-C9E^fmiMl^ 

Tlie |>rttuit VeIim of One Pound paynble st the End of eiiy Nomher of Yetis &e. 


Yean. SperCent. 4perCpnt. &perCe0t> I tperCeot | 7p«rC«at« | tpcr^t. 


*470598 

•488694 

*455891 

*450189 

443584 


•867832 

*360689 

*358684 

*346816 

*540081 


*288186 

•281240 

*274462 

•267848 

*261393 


•255093 

•248945 

*242946 


•096142 

X)98t25 

•091563 

•089357 

*087903 


•226308 

*219810 

•213498 

•207367 

*20141.3 


•195630 

•190012 

•184556 

•I792,b7 

•174110 



*094430 

•091719 

•089085 

•086527 

•084042 


•081629 

•079285 

*077009 

•074797 

*•072650 


•070563 

•068SS7 

•066569 

064658 

062801 


060998 

059246 

057545 

055893 

054288 



•150402 

*115913 

•145399 

•111538 

*140562 

•107327 

•135887 

•103275 

•131367 

•0993n 

*126997 

•oBSsas . 

•122773 

•092016 

•118689 

088549 

•114741 

*085200 

*110924 

•061983 

•107234 

•078888 

•108667 

*075910 

•100219 

07^045 

096885 

•070987 

*093662 

•067634 

•090547 

•065061 

087535 

*062624 

•064623 

•060260 

•081808 

057985 

079087 

055796 

076456 

•053690 

073913 

*051663 

071455 

■049713 ^ 

•069078 

■047896 

•066780 

046030 

•064559 

•044293 

*069441 

*042621 

•060835 

041012 

058328 

*039464 

056388 

037974 

054512 

*036540 

052699 

035161 

•050946 

•033834 

•049251 

•032556 

047613 

•031327' 

*048029 

•030145 

*044498 

029007 

•043013 

•027912 

*041587 

026858 

040204 

•025844 

038866 

034869 . 

*037578 

023930 

096324 

023026 

035115 

•022157 

033947 

*021321 































































S TILUATION py P^aPKllTy. Quoc iv 

Ttrt SicoKB T4itJ^ «r Coitmii^ lnnwm*>mcmHmui, 
llie present Value of One FiNind ptlpHU at ^ End of any Numlier of Voam. &e. 


ilMjn ^percent 4perC«it 5 per Cent. OfMrlhfpt 7oer Csill. t per Cent 


50} 

•224760 

51 

•221463 

51} 

■518214 

52 

•915019 

52} 

011858 

53 

•208750 

53} 

•905687 

54 

•202670 

544 

•199696 

I 55 

1 

•196767 

551 

•193880 

56 

•191036 

561 

•188233 

57 

•185471 

571 

•182750 



*115409 
•11 1907 
•109047 
*106900 
•104653 



•069^79 

*061749 

•060580 

*039374 

*058691 


*073399 

*073514 

•071749 

•070013 

•068396 


*066679 

*065079 

•063504 

•0^1974 

•060460 


•059092 

•057600 

*056912 

•054857 

•053585 


*052945 

•050986 

•049757 

•048558 

7>473&8 


046946 

*045181 

*0440#^ 

*042983 

•041946 


•0409S5 

*039949 

*038986 

•038046 

•037129 


*086984 

*035361 

*084509 

*038677 

•039866 


039074 

*031301 

080546 

*099810 

*099099 


•052729 

*051915 

*049744 

048316 

046999 


045581 

*044979 

•043001 

•041766 

040567 


•039409 

088271 

•037179 

•036104 

035068 


•034061 

033088 

032133 

031210 

•030814 


•029443 

•028598 

*027777 

•026979 

•026204 


•095459 

094721 

*094011 

023329 

•029652 


•021370 

•080756 

020160 


019019 

018473 

*017943 

•OITW 

016997 


016441 

•015969 

015510 

*015065 

014639 


014919 

4)15804 

013188 

^3083 

0P149 


032818 

^1796 

•060671 

*099651 

*028664 


027711 

•096789 

•025898 

•025037 

•094904 


093399 

•099620 

•021868 

•021140 

•020437 


019757 

019100 

018465 

017851 

On257 


*016683 

016128 

015591 

015073 

014571 


014067 

015618 

013165 

012727 

012804 


0 
0 

0)1116 

010746 

010389 


O0848S9 

008198 

007996 

007669 

*007407 


*007161 

*006998 

*006699 

006470 

008954 


*020516 

019741 

018996 

018279 

017589 


016925 

016286 

015671 

015080 

014510 


•019963 

013435 

012928 

012440 

011971 



•009503 

009144 

008799 

•006466 

•006147 


•007839 

•007543 

007259 

006985 

*006721 


•006467 

*006223 

•005988 

005762 

•005544 


005335 

*005134 

*004940 




000881 

























































cmab . IV. coMPOuim iir»aE«T T4Bi-»a in 

Thk Ssodim Taiue w Couwovx^ %i^^M9t^et^9iiinited, 

Tlio ptMtit VaIim of Ont pQitn 4 . payable at thp JB04 of any Kmn^ of Team, &e. 

























































muATioN QP pmnttft. 


Bose Iv^, 


Tics Tunis Tamm or CoMfomn lotBsiir. 
TIm AmMuHofOne T^mnid p«r Annim k snj NoaOifr oT 


SMrOnl. 

4|Mr Ont. 

iper Ofst. 

6p«r CiQt. 

TperCeot 

8 per Cent. | 



i 

*496805 

-495097 

•493901 

•492716 

•491543 

•490381 



I-OOOOOO 

1-000000 

1*000000 

1*000000 

1 -000000 

1) 

1*511194 

t -514901 

1 *518596 

1 *522279 

1 *525951 

1 -529011 

2 


2*040000 

2*050000 

2*060000 

2*070000 

2*080000 


2*556530 

2*575497 

2*594526 

2*613616 

2*632768 

2*651980 

3 

3*090900 

3*121600 

8*152500 

3*183600 

3-214900 

3*2464(X) 

S4 

3*633226 

3*678517 

3*724252 

3*770433 

3*817061 

3*864138 

4 

4*183627 

4*246464 

4*310125 

4*374616 

4*439943 

4*506112 


4-742222 

4*825658 

4*910465 

4*996659 

5*084256 

5*173270 

5 

5*309135 

5*416322 

5*525631 

5*637092 

5*750739 

5*866600 

51 

5*884489 

6*018684 

6*155988 

6*296459 

6*440154 

6*587131 

6 

6*468409 

6*632975 

6*801912 

6*975318 

7*153290 

7*335929 


7*061024 

7-259431 

7*463788 

7*674246 

7*890964 

8*114102 

7 

7*662462 

7*898294 


8*393837 

8*654021 

8*922803 

n 

8*272855 

8*549809 

8*836977 

9-194701 

9*443332 

9*763230 

8 

8*892336 

9*214226 

9*549108 

9*897467 

10*259802 

10*636627 


9*521040 

9*891801 

10*278826 

10-882783 

11*104365 

11*544288 

9 

10*159106 

10*582795 

11-026564 

11*491315 

11*977988 

12*487557 

91 

10*806671 

11*287473 

11*792767 

12*323750 

12*881671 

13*467831 

10 

11^463879 

12006107 

12*577892 

13*180791 

13-816447 

14*486562 

101 

12*130872 

12*738972 

13*382406 

14*063175 

14*783388 

15*545258 

11 

12*807795 

13*486351 

14*206787 

14*971642 

15*783599 

16*645487 


13*494798 

14*248531 

15*051526 

15*906966 

16*818225 

17*788879 

12 

14*192029 

15*025805 

15*917126 

16*869941 

17*888451 

18*977126 

121 

14*899642 

15*818472 

16*804102 

17-861384 

18-995501 

20*211989 

IS 

15*617790 

16*626837 



20*140642 

21 *495296 

13| 

16*346631 

17*451211 



21 *325186 

22*828948 

14 

17*066324 

^ 18*291911 



22*550487 

24*214920 

141 

17*837030 

19*149260 


22129051 

23*81 7949 

25-655261 

15* 

18-59B91S 

20*023587 

21 *578563 

23*275969 

25*129022 

27-152113 

151 

19,*37214I 

20*915230 

22*605349 

24-456794 

26*485205 

28-707685 

16 

20*156881 

21*824531 

23*657491 

25*672528 

27*888053 

30*324283 

1^ 

20*953305 

22*751839 

24*735616 

26*924202 

29*339170 

32*004300 

17 

21*761587 

23*697512 

25*840366 

28*212879 

30-840217 

33*75022') 

in 

22*581904 

24*661913 

26*972397 

29*539654 

32*392912 

35*564644 

18 



28*132384 

30*905652 

33*999032 

37*450243 

181 



29*321017 

32*312033 

35-660416 

89*409816 

19 



30*539003 

33*759991 

37*378964 

41 *446263 

19} 



31*787068 

85*250755 

39*156645 

43*562601 

20 

26*870374 


83*065954 

86*785591 

40*995492 

45*761964 

20} 

27*766756 

90-869898 

34*376421 

88*865801 

42 •697610 

48047609 

21 

28*676485 

31*969201 

85*719251 

39-998796 

44-665176 

50*422921 

21} 

29-599759 

33*097414 

37*095243 

41 667749 

^*900443 

52*391418 

22 

30*536780 

34*247969 

38«505214 

49-392290 

49*005739 

55*456755 

m 

61*487752 

85-491810 

39*950005 

45-167814 

51*166474 

^•122731 

23 

32*452883 

36*617888 

41 *430475 

.46-995887 

Al-43«t40 

. eo-e93S95 

2dl 

63*432385 

37*838163 

48*947505 

48*877862 

ss-yrntr 


24 

64*426470 

39*082604 

44-501098 

50*615577 


06^04759 

M 

S«'485S56 

40*351689 

46*094880 

58610555 

60-MMn 

49-874354 

9$ 

66^466264 

41*645909 

47'727<W 

5466451* 

69«4MW 

















































C«AF. IV. CaMFOUND IKTEBEJ^T 

Ita Tmm» Tablx or CoMromnr Irnmam ^ to idb $m d , 

Thu Amcmiit of One Found per ABBtnn m wy Number of Teinb Jke. 


MIS 


9 per Gent I 4 per Cent. 6 per Cent. 6 pi*r Cent. t per Cent. $ per CeaL 


87 *49841 7 
88*558048 
89*623369 
40*709633 
41*812070 


42*965757 

44*311744 

45*684387 

47084214 

48*511763 


49*399624 
51 *113453 
52*869605 
54*669126 
56*513086 


56*979189 
59*156382 
61 *397940 
63*705765 
66081817 


65*916856 
68*676470 
71 *531036 
74*483823 
77*538209 


76*46430f 
79*954415 
83*581446 
87*350768 
91 *267962 


23 

42*930922 

49*967582 

58*402582 

68*528111 

28| 

44*066433 

51 *452233 

60*338740 

71*046726 

29 

45*218850 

52*966286 

62*322711 

73*639798 

29] 

46*388425 

54*510323 1 

64*355677 

76*309529 

SO 

47*575415 

56*084937 1 

66*438847 

79*058186 




61*858616 

63*275944 

64*714374 

66*174222 

67*655806 


69*159449 

70*685480 

72*234232 

78*806044 

75*401259 


77*020226 

78*663297 

80*330832 

82*023196 

83*740757 


75*605923 
77*598813 
79*630160 
81 *702246 
83*81 r 367 


93*044675 

95*836322 

98*696909 

101*628138 

104631755 


81*688101 
84*801677 
87*801387 
90*889778 
:»4 *069470 


97*343164 

100*713639 

104*183754 

107*756457 

111*434779 


115*221844 

119*120866 

123*135155 

127*268118 

131*523264 


80697690 
83*965884 
87 •346529 
90*843495 
94*460786 

98*202540 

102*073041 

106*076718 

110*218154 

114*502088 


118*933425 

123*517284 

128*256764 

133*163441 

138*236878 


143*484862 

148*913459 

154*528824 

160*337402 

166*345841 


118*217747 

123*345868 

128675167 

134*213537 

139*969180 


145*950620 

152*166715 

15862667C 

165*340052 

172*316803 


179*567256 

187*102147 

194*932637 

203*070319 

211*527248 





43 

85*483892 


87*252980 

44 

89*048409 


90*870570 

45 

92*719861 


94^536687 

96601457 

98^567 

|00*396BX> 


47| 102^617625 


10mOB395 

106*459264 

109*640647 

mmmi 


97*402489 

99*826536 

102*298588 

104*819597 

107*390532 


110*012381 

112686153 

115*412876 

118*193599 

121*029392 


123*921343 

126*870567 

129*676197 

132*945390 

136*073325 


189*263206 

142*516266 

145*633734 

m*^6906 


124*276835 

127*8119762 

131*490677 

135*231751 

139*065211 

159*829912 
165*047683 
170*419707 
175*950544 
181 *644890 

206*995708 

214*609569 

222*485408 

230^32239 

239*059387 

269*709812 

280*781040 

292*286597 

304*343523 

316*669525 





142*993338 

147*018471 

151*143005 

155*369895 

159*700155 

187*507577 

193*543583 

199*758031 

206*156198 

212*743513 

247*776496 

256*793544 

266*120851 

275*769092 

285*749310 

329*583005 

343*003087 

356*949645 

371*443334 

386*505617 

164*137865 

168*635163 

173*344758 

178*119421 

183*011996 

219*525570 

226*508124 

233*697104 

241*098612 

248*718930 

296*072928 

306*751762 

317*798033 

329*324385 

341*043896 

402*158801 

418*426066 

435*331505 

453*900152 

471*158026 

188*025392 

193*162596 

198*426662 

203*820725 

ooomfMA 

256*564528 
264*642066 
272*958400 
281*590590 1 
290W904 

853 370093 
S«5-91fi969 
378 -998999 
399-331156 
406-598999 

490*132164 

509*850668 

530*342737 

551*638731 

573*770156 






































Boot IV, 


Ills vALVAtton o» nmmn. 


Tm Tm* TtMM or Ommmm Imnwiiii iwUm j 
Hm AwawitorUM PtMiMpw AnmkaRy Nttnqiiw of Ycv^ He. 


IH 

4p«r 

j SfM'CML j fjMrOal. 1 rimOiM. 

j fiFx-rCenl. 

f n4-97962S 

SI 11 7180773 
1 5J| 1 119421801 

1 52 ISl *69619$ 
1 52i 1 124004455 

156*185585 
159 773767 
163433008 
167*164717 
170-970329 

215011762 

220-815395 

226-762350 

232*856165 

239*100467 

299-41 m 
308-73605 
318-37653 
328*28142^ 
338*47912' 

Wj 69ltx»33 
8/ 435-98595 
5 451 '47899 
467-504971 
484-083441 

7 596-7G9R19 
4 620 671768 
Ij 64.5'5IM0I 
1 671 -325510 
698 -1523171 

1 53 
531 

54 
54i 

55 

126*347082 

128*724589 

131*137494 

133*586326 

136*071619 

174-851306 

178*809143 

182*845358 

186*961507 

191-159173 

245*498973 

252*055491 

258*773922 

265*658265 

272*712618 

348*978307 

359-787875 

370*917006 

382675148 

394*172026 

501*230319 
518*968217 
537616441 
556 695992 
575-928592 

726 *03 1551 
755 004502 
785-114075 
816-404.se 1 
848-923201 

55J 

56 
56} 

57 
57} 

138*593916 

141*153768 

143*751734 

146*388381 

149*064286 

195-439968 

199*805539 

204*257567 

208*797761 

213-427869 

279*941178 

287*348249 

294*938237 

302*715661 

310*685149 

406617657 

418-822348 

431*696716 

444-951689 

458*598519 

596636711 
617643594 
638*973281 
661 *450645 
684*701411 

882-717252 

917-837057 

954-3346.12 

992-26402. 

1031*68140^ 

58 
58| 

59 

594 

60 

151 *780032 
154*536214 
157*333433 
160*172301 
163*053436 

218*149672 
222*964984 
227-875658 
232*883583 
237 990685 

318*851444 

327*219407 

335*794017 

344*580377 

353-583717 

■ 

■ 

1072645143 
1115 215915 
1159-456755 
1205-433188 
1253-213295 

60} 

61 

61} 

63 

63} 

165*977470 
168*945039 
171 *956794 
175*013391 
178*115498 

243*198927 

248*510312 

253*926884 

259*450725 

265*083959 

362*809396 
372*262903 
381*949866 
391 *876048 
402*047359 

549681774 

566*115871 

583*344680 

601 *082824 

619*345361 

|!H 

1302-867843 
1354-470359 
1408-097271 
1463*827988 
1521 -745052 

63 

634 

1 64 
644 
65 



■ 

638*147793 

657*506083 

677*436661 

697*956448 

719-082860 

999-812350 

1034*705480 

1070*799215 

1108*134864 

1146*755160 

1581-934227 

1644-484656 

1709*488965 

1777-043429 

1847*248082 

65} 

66 

66} 

67 

67} 

197*722513 
201*162740 
204 654189 
203*197622 
211*793815 

301*305003 
307*767115 
314*357203 
321 *077800 
327*931491 

468*572574 

480637911 

493*001203 

505669807 

518*651263 

740-833835 

763627832 

786*283865 

810-021502 

834*460897 

1186*704304 

1228*028021 

1270*773606 

1314*989983 

1360*727758 

1920*206903 

1996-027929 

2074*823450 

2156*710163 

2241-809332 

68 
! 684 

69 

694 

70 

215*443551 

219*147629 

232*906858 

226*722056 

230*594063 

334*920912 

342*048751 

349*317748 

356*730701 

364*290458 

531 *958297 
545*583826 
559*550962 
573*863018 
588*528510 


1406-039282 

1456*978701 

1507-602032 

1559-967211 

1614-134174 

2330*246976 

2422*154079 

2517*666734 

2616*926405 

2720-080073 

701 

71 

714 

72 

724 

234*533720 

238*511885 

242*559431 

246*667242 

250*836214 

371*999929 

379*869077 

387*879996 

396*056560 

404*395123 

603*556169 

618*954936 

634*783977 

650-908688 

667*470676 



2827*280518 

2938*686479 

3054-462959 

8174*781898 

$299-819996 

V 


■ 

084 '44781 7 
701«44SI0 
7I»'67C608 
737*986490 1 
756‘e8S718 

m 

iii 

i 


























Cwr. IV CO'ilPdtJiJD fNtfcRtSr TABLEfil, 

Tub Thibd Tabu or CoxroirBD '^■tbeboi — eiaHmud, 

Th^ Amount of One Pouiul per Annuni^ m mj Niin^Mr of Teorit Ae. 



i per Cent. 


6 per Cent I 

7 per Cent* 

’ SperCont 


801 326*644148 562*656876 995*707293 1798*727367 

81 332*003909 574*294775 1020790262 1852*395884 

811 337*443472 586*163151 1046*492658 1907*651009 

82 342*964026 598*266566 1072*829775 1964*539637 

821 348*566776 610*609677 1099*817290 2023*1 10069 













93 487*550217 934*490244 1849*109776 3744*254405 

931 495*305734 953*491896 1895*267586 3855*438571 

94 503*176723 972*869854 1942*565265 3969*909669 

941 511*164906 992*631572 1991 *030965 4087*764885 

95 519*272025 1012*784648 2040*693528 4209*104249 

954 527^99853 1033*336834 2091*582514 4334*030778 

96 535*850186 1054*296034 2143 728205 4462*650504 

964 944*8248491075*670308 2197*161639 4595*072625 

97 558*925698 1097*467875 2351 *914615 4731 *409534 
974 561*654594 1119*697120 2306*019721 4871*776982 













fte Dmmi IShm^ ClnMiH»lRn«b 




tmn 

1 . IiwOhI. 

4|wrCM* 


1 

I fpmCm, 

1 <^I>erCent, 

1 

'«90M 

485483 

^1996 

/ *478588 

/ -475198 

*471869 

1 

1 

‘270873 

■961^ 

^$80 

I *818398 

•934579 

•J)25025 

li 

IH45S54 

t-438!l49 

1-411487 

I 1^394878 

1*378685 

1 *362842 

•f 

s 

1 •913469 

1-886094 

1*859410 

1*833399 

1-808018 

1 *783264 

SI 

1 2*374421 

3-334951 

2*996597 

9*259317 

8-993070 

2*187816 

1 s 

S-8SS611 

2*775091 

2*793248 

9*67301! 

9-6S4316 

2*577096 

’ si 

3*276137 

3*206683 

3*139616 

3-074827 

3012215 

2*951682 

* 4 

3*717098 

3*629895 

3*545950 

3*465105 

3*387211 

3*312126 


4151589 

4*044888 

3-942491 

3-844177 

3*749733 

3*658964 

1 s* 

4-579707 

4*451822 

4*329476 

4*212363 

4-1001 97 

3*992710 

1 54 

5*001543 

4*850654 

4707135 

4-569978 

4-439003 

4*313856 

1 

5-41 719i 

5*242136 

5-075698 

4-917324 

4 -766539 

4 622879 

€l 

5-826741 

5*625821 

5*435366 

5*254696 

5 0831 SO 

4*920237 

1 7* 

6*230282 

6*002054 

5*786373 

5-582381 

5*389289 

5*206370 

n 

6-627904 

6*370981 

6*128920 

5-900657 

5-685315 

5*481701 

8 

7*019692 

6*732744 

6*463212 

6-209793 

5-971298 

5*746638 


7*405732 

7*087482 

6*789448 

6-510053 

6-247865 

6*001575 

9 

7*786108 

7*435331 

7 *107321 

6*801692 

6-515232 

6*246887 

H 

8 160905 

7*776425 

7*418522 

7084956 

6*773705 

6*482940 

10 

8*530SX)2 

8*110895 

7*721734 

7*360087 

7023581 

6*710081 

lOj 

8*894082 

8*438870 

8017640 

7-697817 

7*265145 

6*928648 

11 

9*252624 

8*760476 

8*306414 

7-880874 

7-498674 

7*1 38964 


9*605905 

9075837 

8*588228 

8-138978 

7*724435 

7*341340 

12 

9*954003 

9*385073 

8-863251 

8*363843 

7*942686 

7*536078 

124 

10*296995 

9*688305 

9*131646 

8-621678 

8*153677 

7-723463 

f 

13 

10-634955 

9-985647 

9*393572 

8-852682 

8*357660 

7*903775 

1S< 

10*967956 

10*277216 

9*649187 

9077054 

8*554838 

8*077281 

J4 

11*296073 

10*563122 

9*898640 

9*294983 

8*745467 

8-244236 


11*619375 

10*843477 

10*142082 

9*506655 

8*929756 

8-404890 

! 

11*937935 

11*118387 

10*379658 

9*712248 

9*107914 

8-559478 

* i5i 

12*251821 

11*387958 

10*611507 

9*911939 

9*280145 

8*708231 

; 16 

12 561102 

11*652295 

10*837769 

10-105895 

9*446648 

8*851369 

1 

12*865845 

11*911499 

11*068578 

10-294282 

9*607612 

6*989103 

I ^7 

]3*166il8 

12*165666 

11-974066 

10*477259 

9-763222 

9*121638 

\ in 

13*461986 

12*414902 

11*484360 

10*654983 

9*913656 

9*249169 

1 18 

13*753513 

18-659396 

11*689586 

10-827603 

10.059086 

9-371887 

1^ 



1 1 *889867 

10*995267 

10-199679 

9-489971 

la 



12-085330 

11*158116 

10-335595 

9*603599 

■Eli 




11*316289 

10-466990 

9*712937 

90 

14*877474 



]1«469921 

10-594014 

9*818147 

20i 

15-148335 

13*811894 

19*643870 

11*619141 

10*716813 

9-919386 


15*415024 

14*699159 

19*891159 

11*764076 

10*835327 

10-016803 

21} 

15-677898 

14*242206 

12*994169 

11*904850 

10*950692 

10-110548 

22 

15-936916 

14-151115 

13*163009 

12*041581 

11*061240 

10-900743 

394 

16*192134 

14*655967 

19*89ntS 

19*174367 

U*i^497 

10-S87539 

23 

16443608 

14*856841 

13*488578 

12*803378 

11-97S18T 

,,10-871058 

394 

16*691392 

15-053814 

13*645498 

12*428667 

11-379497 

10-451435 

24 

16*935542 

15*246963 

15-798541 

19*510357 

llMWOSiO 

i0-«8758 


17*176109 

15*436360 

13-948094 

19^668558 

It-5630M| 

10-803171 

28 

17*418147 

15*623079 

14-09S944 

19*763356 

11-6I3M3 

10-674776 















































CSAT* 


111^ 


COMFOUim fimmSSF TA91JML 

Tm FcMnm Tasia or CoxroinrD Iwmwm^tpmiinmed, 


The pr«itiit Valoo of Ono Poimd por Animni fiir oojr Ktunbar of Ymh to oomi^ &6, 


1 Ycuri. 

5 per Cent. 

4per Cent. 

SperCent. 

6per Cent. 

7 per Cent. 

iper Cent 

25i 

17’646708 

15*804192 

14-936280 

12*894862 

11*741137 

10*743677 1 

26 

17-87684S 

15-989769 

14-375185 

13*003166 

11*825778 

10*809977 * 

264 

18*103600 

16*157877 

14*510742 

13*108360 

11*907604 

10-873775 

27 

18-327031 

16-329585 

14*643033 

13*210534 

11*986709 

10*935164 

27i 

18-547184 

16*497959 

14*772136 

13*309774 

12-063182 

10-994230 

28 

18-764108 

16*663063 

14*898127 

13*406164 

12*137111 

11-051078 

284 

18-977849 

16*824960 

15*021082 

13*499786 

12*206581 

11-105774 

2f)' 

19-188454 

16*983714 

15*141073 

13*590721 

12*277674 

11-158406 

29} 

19*395970 

17*139385 

15-258173 

13-679044 

12*344468 

ll*209a50 

30 

19*600441 

17*292033 

15*372451 

13*764831 

12*409041 

1 1 *257783 

30} 

19*801912 

17*441716 

15*483974 

13-848154 

12*471465 

11*304676 

31' 

20000428 

17*588493 

15*592810 

13*929085 

12*531814 

11*849799 

3i; 

20*196031 

17-732419 

15*699023 

14-007693 

12*590155 

11*393218 

sa’ 

20 38876.4 

17-873551 

15*802676 

14-084043 

12*646555 

11*434999 

32} 

20*578671 

18011942 

15*903831 

14-158S01 

12*701079 

11-475202 

33 

20-765791 

18-147645 

16*002549 

14*230229 

12*753790 

11*513888 

33« 

20*950166 

18*280713 

16*098887 

14*300189 

12*804747 

11*551113 

34 

21*131836 

18*411197 

16*192904 

14*368141 

12*854009 

11*586933 

344 

21*310841 

18*539147 

16*284654 

14*434141 

12*901632 

11*621401 

35 

21 *487220 

18*664613 

16*374194 

14*498246 

12*947672 

11*654568 

354 

21*661011 

18-787649 

16*461575 

14*560510 

12*992180 

11*686482 

86 

21*832252 

18*908281 

16*546851 

14*620987 

13*035207 

11-717192 

361 

22 000981 

19*026578 

16*630072 

14*679727 

13076804 

11-746743 

37 

22*167235 

19*142578 

16-711287 

14*736780 

13*117016 

11*775178 

37i 

22*331050 

19-956325 

16*790545 

14*792195 

13*155891 

11*802540 

38 

22*492461 

19*367864 

16*867892 

14*846019 

13*193473 

11*828868 

381 

22*651505 

19*477236 

16*943376 

14*898297 

13*229805 

11*854203 

39 

22*808215 

19*584484 

17017040 

14*949074 

13*264928 

11*878582 

391 

22*962626 

19*689650 

17088929 

! 14*998393 

13*298883 

11*902040 

40 

23*114771 

19*792773 

17*159086 

15-046296 

13*331708 

11*924613 

401 

23*264685 

19*893894 

17*227552 



11*946333 

41 

23*412399 

19*993051 

17 294367 



1 1 *967234 

414 

23*557947 

20*090283 

17*359573 

15*181909 

13*423777 

11*987346 

42’ 

23*701359 

20*185626 

17*4-3207 


13*452448 

12-006698 

424 

23*842667 

20*279118 

17*485306 


13*480166 

12-025320 

43 

23*981902 

20*370794 

17-545911 

15*306172 

13*506961 

13*043239 

434 

24*119091 

20*460690 

17*605055 

15*345238 

13*532865 

12*060482 

44* 

24*254273 

20*548811 

17-662773 

15*383182 

13-557908 

12-077073 

441 

24*387470 

20*635279 

17*719100 

15*420036 

13*582117 

12-093038 

45 

24 518712 

20*720039 

17*774069 

15*455832 

13*605521 

12 108401 

451 

94-648099 



15*490600 

13*628147 

12-123184 

46 

94-775449 



15*524369 


12*137408 

461 

94-900999 



15-557169 

13-671165 

1 2^151096 

! 4f 

95-094707 



15*589028 

18*691607 

19*164267 

«* 

95*146601 



15*619971 

13-711369 

19*176941 

48 




15*650026 

13-730474 

19*189138 

484 




45*679218 

13-748943 

12-900871 

40 



18*168721 

15*707572 

13*766798 

12-212163 

494 



18*912855 

I5*t25ia 

13*784059 

19*923029 

50 



18*255925 

15*761860 

13000746 

12*933484 


















































BO VAX-UaTION of 1?K0PERTY,.. 17. 

Fourth Tabi:.r op Coxpodkd linntREflT^eofillRiiMt 
T6© present Value of One Found per Annum for any Number of Years to come, &«. 


S5*841S13 

25*951227 

26059528 

26*166239 

26*271386 


21 *550498 
21*617485 
21*683171 
21*747581 
21*810741 



6 per Cent. 

6 per Cent. 


18*297957 

18*338976 

18*379007 

18*418072 

18*456197 

15*787841 

15*813076 

15*837586 

15*861392 

15*884515 

13*816878 

13*832473 

13*847549 

13*862124 

13*876214 

18*493402 

18*529711 

18*565145 

18*599725 

18*633471 

15*906974 

15*928788 

15*949975 

15*970554 

15*990542 

13*889835 

13-903004 

13-915734 

13-928041 

13*939938 


26*870651 

26-965463 

27*058884 

27*150935 

27*241635 

22*164760 

22*219819 

22*273808 

22*326749 

22*378662 

27*331005 

27*419063 

27*505830 

27*591.324 

27*675563 

22*429566 

22*479482 

22*528429 

22*576425 

22*623489 

27*7.58567 

27*840353 

27*920939 

28*000342 

28-078581 

22*669640 

22*714894 

22*759269 

22*802782 

22*845451 

28-155672 

28*231632 

28*306478 

28*380225 

28*452891 

22*887291 

22*928318 

22*968549 

23*007998 

23*046681 

28*524491 

28-595040 

28-664554 

28-733048 

28-800588 

23*084614 

23*121809 

23*158282 

23*194047 

23*229118 

28*867037 

23-263507 I 


18*666405 

18*698544 

18*729909 

18*760518 

18*790390 

18*819541 

18*847990 

18*875754 

18*902848 

18*929289 

18 955093 
18*980275 
19*004851 
19*028834 
19052239 

19*075080 

19*097370 

19*119123 

19*140352 

19*161070 

19*181288 

19*201019 

19*220274 

19*239066 

19*3^57404 


19*275301 

19*292766 

19*309810 

19*326444 

19*342676 



16*009957 
16 028814 
16047129 
16*064918 
16082197 

16098980 
16*115280 
16*131113 
16*146491 
16*161427 

16*175935 

16*190026 

16*203712 

16*217005 

16*229917 

16*242458 

16*254639 

16*266470 

16*277961 

16*289122 

16*299963 

16*310493 

16*320720 

16*330653 

16*340302 


16*349673 

16*358775 

16*367616 

16*376203 

16*384543 



29*480667 

29*537188 

29*592881 

29*647756 

29*701626 


16*429790 

16*436592 

16*443198 

16*449615 

16*455848 


13*951440 

13*962559 

13*973308 

13*983700 

13*993746 

14*003458 

14012847 

14*021923 

14*Q30'698 

14039181 


14*047381 

14055309 

14*062973 

14*070382 

14077545 

14084469 

14*091163 

14097635 

14*103891 

14*109939 


14*115786 

14*121438 

14*126903 

14*132185 

14*137292 


14*142229 

14*147002 

14*151616 

14*156077 

14*160389 


14*164558 
14*168588 
14*172464 
H*n6250 
iHbl 79891 


14-18341C 

14-166814 

14*190104 

14*193284 

14*196859 


12-243545 

12-253226 

12-262542 

12-271506 

12*^80131 


12*288431 

12-296418 

12-304103 

12-311498 

12*318614 


12*325461 

12*332050 

12*538390 

12*344490 

12*350361 

12*356010 

12*361445 

12*366675 

12*371708 

12*376551 


12*381211 

12*385696 

12*390011 

12*394163 

12*398158 

12*402002 

12*405702 

12*409261 

12*412687 

12*415983 


12*419154 

12.422206 

12*425143 

12*427969 

12*430688 


12*433304 
12*435822 
12*438245 
12-440576 
12-442819 i 


12*444978 

12*447055 

12*449053 

12*450977 

12-452827 


12*454608 
12*456321 
12 457970 
12*459557 
1 12*461068 

























COMPOUND INTEREST TABLVa. 


Tm Foqew Tajoa or Cowouvo Ivrmmmn rotUhuedi 
llie pi'esent Vb1i« of One Pound per Annum anr Number of Yean to come, fta 



29*755103 

29*807598 

29*859323 

29*910289 

29*960508 


50009989 

30*058745 

30*106786 

30*154122 

30*200763 


30*246720 

30*292003 

30*336621 

30*380585 

30*423904 


83 30*466588 

83i 30*508645 

84 30*550085 
30*590917 



I per Cent A per Cent, 


23*706033 

23*731161 

23*755801 

23*779963 

23*803655 


23*826887 
23*849668 
23 872007 
23*893912 
23*915391 


23*936454 

23*957107 

23*977359 

23*997218 

24*016692 


7 per Cent, j 8 per Cent, 


19*555097 

19*565819 

19*576283 

19*586495 

19*596460 


19*606185 

19*615676 

19*624938 

19*633977 

19*642798 


16*461 901 
16*467781 
16*473492 
16*479038 
16*484426 


16*489659 

16*494741 

16*499678 

16*504473 

16*509190 


15*513654 

16*518047 

16*522315 

16*526460 

16*530486 



85^ 30*670794 

86 30*709855 

86) 30*748343 

87 30*786267 

87) 30*823634 


88 30*860453 

88) 30*896732 

89 30*932479 

89) 30*967701 

90 31 *002407 


90) 31*036603 

91 31*070298 

91) 31*103498 

92 31*136211 

92) 31*168445 


24*125842 

24*142818 

24*159464 

24*175786 

24*191792 


24*207487 

24*222877 

24*237968 

24*252766 

24*267277 


24*281506 

24*295459 

24*309140 

54*322556 

24*335712 


19*726868 

19*733451 

19*739874 

19*746143 

19*752261 


19*758232 

19*764058 

19*769744 

19*775294 

19*780709 


16*567826 

16*570664 

16*573421 

16*576098 

16*578699 


16*581225 

16*583678 

16*586061 

16*588376 

16*590624 


14*199331 

14*202204 

14*204882 

14*207668 

14*210264 


14*212774 
14*215200 
14*21 7545 
14*219813 
14*222005 


14*224124 

14*226173 

14*228153 

14*230068 

14*231919 

14*233708 
14*23 '5438 
14*237111 
14*238727 
14*240290 


14*241801 

14*243262 

14*244674 

14*246039 

14*247359 


14*248635 

14*249868 

14*251060 

14*252213 

14*253327 


14*254405 

14*255446 

14*256453 

14*257426 

14*258367 



Sl*498a78 
31 *586279 
31*546878 
81*573081 

$i*mm 


24*464606 

84*475003 

84*465198 

84*495196 

84*504998 


19*833321 
19*836368 
19*840305 
19 844154 
19*847910 


16*611474 

16*613059 

16*614599 

16 * 616 ^ 

16*617546 


14*266865 
14*267498 
14 868098 
14*368684 
|4*86925a 


12*462553 

12*463966 

12*465326 

18*466635 

12*467895 


12*469107 

12*470273 

12*471395 

12*472475 

12*473514 


12*474514 

12*475476 

12*476402 

12*477292 

12*478150 

12*478974 

12*479768 

12*460532 

12*481267 

12*481974 


12*482654 
! 12*483309 
12*483939 
12*484545 
12*485129 


12*485690 
12*486230 
12*486750 
12*487250 , 
12*487732 1 

I 

12*488195 
12*488640 j 
12*489069 
12*489482 
12*489879 j 


12*490261 

12*490628 

12*490982 

12*491323 

12*491650 


18*493111 


12-493372 

18*493688 

18*493862 

18*494094 

18-494317 







































. VALUAtlOH OF PH0PEKTT. 
Tift Am Tasib ot Convotmik Imttmssr, 


Mom W 


mHe Annuity which One Pound win porcluMe |br any Number of Team to com, &c. 


Hai2L_ 


1 

u 

S 


S 

4 

5 


H 

6 

7 

n 


.1 

IS 

12J 


I 13 

I 13J 

I 14 

! 14} 
15 


15} 

16 

16} 

17 

17} 


9$ 

9Sk 


10600(» 
•691 79» 
•522610 
•421155 


•353530 

•S052S7 

•269027 

•240871 

•218354 


•199938 

•184597 

•171629 

•160506 

•150877 


•142456 

•135030 

•128433 

•122535 

•117230 


•112434 

*108077 

•104102 

•100462 

•097115 


•094029 

•091174 

•088526 

•086063 

•083766 


•081620 

•079610 

•077725 

•075952 

•074283 


•072706 

•071221 

•069813 

•068480 

•067215 


801 

•066014 

21 

•064871 

811 

•063784 

88 

•062747 

881 

•061758 


•060813 

•059911 

•059047 

4158220 

•057427 


4|ter Cent. 

5 per Cent. 

6 per Cent 

R|||QQ|| 

6 per Cmi. 

1-040000 

1050000 

1*060000 

1*070000 

i-oeoooa 

•700108 

•708502 

•716909 

•725328 

•7S3760 

•530196 

•537804 

•545436 

■563091 

•560769 

•428274 

•435426 

•442611 

•449828 

•457076 

•360348 

•367208 

•374109 

•381051 

•388033 

•311848 

•318510 

•325231 

■SSI 981 

•338789 

•275490 

•282011 

•288591 

•295228 

•301920 

•247225 

•253646 

•260133 

•266685 

*273301 

•224627 

•230974 

•237396 

•243890 

•250456 

•206149 

•212443 

•218819 

•225275 

•231811 

•190761 

197017 

•203362 

•209795 

•216315 

•177751 

•183980 

•190305 

•196727 

■303248 

•166609 

•172819 

•179135 

•185553 

•192072 

•156961 

•163160 

*169472 

175894 

•182425 

•1'49527 

•154721 

•161035 

•167467 


•141093 

•147287 

•153608 

•160054 

•166622 

•134492 

•140690 

•147022 

•153486 

•160079 

•128593 

•134797 

•141144 

•147629 

■154251 

•123290 

•129504 

•135867 

•142377 


•118499 

•124724 

•131107 


•144328 

•114149 

•J 20388 

•126792 

•1S3S56 

•140076 

•110182 

•116438 

•122865 

•129459 

•136214 

•106552 

•112825 

•119277 

•125901 

•132695 

•103217 

•109509 

•115986 

•122644 

•129475 

•100143 

•106455 

•112960 

■119650 

•126521 

•097302 

•103635 

•110167 

•116892 

•123*04 

•094668 

•101023 

•107584 

•114344 

•121296 

•092221 

•098599 

•105189 

*111985 

•118978 

•089941 

096342 

•102962 

•109794 

*116829 

•087812 

•094237 

•100888 

•107756 

■114833 

•085820 

•092269 

•098952 

•105857 

•112976 

•063952 

•090427 

•097141 

•104084 

•111245 

•062198 

•088699 

•095444 

•102425 

■109629 

•080548 

•087074 

•093852 

•100870 

•108117 

•078993 

•085546 

•092356 

•099412 

■106702 

•077525 

•084105 

•090948 1 

•098042 

■loss 74 

•076138 

•082745 

•089620 

•096753 

•104127 

•074825 

•081459 i 

*088368 j 

•095538 

■102955 

•073581 

080242 

•087184 1 

•094392 

•101852 

•072401 

•079089 1 

•066064 

•093311 

•100812 

•071280 

077996 

085004 

*092289 

•099882 

•070218 

076957 

•083999 

■091381 

■098906 

•069198 1 

075970 

•083045 

•090405 

■098038 

•068231 

075031 

•082139 

•089537 

>097804 

•067309 

074136 

•061278 

■ossris 

■096488 

•066428 

073284 

•080459 

•067961 

>095680 

•065586 

•072470 

*079679 

•087 IW 

<094977 

064782 

071604 

0769A5 

•066^2 


064011 

•070952 

•0782S6 

•065810 

'<mm 




























































COMPOUND INTEREST TABLES. 


1123 


T«» Virm 9? Coimxnp 

T^» Awuty vldoh Ono Found will pnrthi^e for toy Numbor of Xw ^ novne* Af. 




•033293 

•052693 

•052114 

•051557 

•051019 


•050500 

•049998 

•049514 

•049046 

•048594 


•048156 

•047732 

•047321 

•046924 

•046539 


•046165 

•045803 

•045452 

•045111 

•044780 


•044459 

•044147 

•043843 

•043549 

•043262 


•042983 

•042712 

•042448 

•042191 

•041941 



4 per Cent 

6 per Cent 

6per€ent 

7 per CeQt 

8 per Cent 

•063274 

070243 

077550 

085170 

.•093078 

•062567 

•069564 

•076904 

084561 

092507 

•061889 

•068914 

076287 

083979 

091964 

•061238 

•068291 

075697 

08342^ 

091448 

060613 

•067695 

075132 

•082896 

090956 

060012 

067122 

074592 

082891 

0904 8B* 

059435 

;066573 

074075 

•081909 

090943 , 

058879 

•066045 

073579 

•08J448 

089613 ' 

058345 

065538 

073104 

081007 

089213 • 

057830 

•065051 

072648 

080586 

088827 

057333 

•064582 

072211 

080183 

•088458 

056855 

•064132 

071792 

07979§ 

088107 

056393 

•063698 

071389 

•079427 

087771 

055948 

063280 

071002 

079072 

•087450 

•055518 

•062877 

070630 

078733 

•087144 


•05510S 

•054702 

054314 

•053939 

•053577 


•053226 

•052886 

052558 

•052239 

•051930 


•051631 

•051341 

•051060 

•050788 

•050523 


050266 

050017 

•049775 

•049540 

049311 


049089 

048874 

048664 

•048460 

*048262 


•048069 

047882 

•047699 

•047521 

•047348 


48 039577 047180 

48 J 039$9« 047016 

49 039213 046857 

0^11937 r 046701, 

5P 036B6I ^ 046519 



060747 

•068678 

•076969 

060434 

068394 

076715 

•060132 

•068121 

076471 

059839 

067857 

076236 

059557 

•067603 

076011 

059284 

067358 

075795 

059020 

•067121 

075586 

058764 

•066893 

075386 

058517 

•066673 

075194 

•058278 

•066461 

075009 

058046 

•066256 

074831 

057822 

066058 

074659 

057605 

•065867 

•074494 

057394 

•065683 

074335 

057190 

065505 

074 J 83 

•056993 

065333 

074035 

056801 

065166 

073894 

056616 

065006 

073757 

056436 

064850 

073626 

056261 

064700 

073499 

056092 

•064555 

•073377 

055928 

•064414 

073259 

055768 

•064279 

073146 

055614 

•064147 

073037 

•055464 

•064020 

072932 

054313 

063897 

•078830 

•055176 

063778 

<078738 

055039 

063663 

OTswsa 

054903 

063559 

»79S<T 

054773 

06344# 



•086851 

086571 

086304 

086048 

•085803 


085568 

085344 

085129 

084924 

084727 


•084538 

084358 

084185 

084019 

•083860 


•083707 

083561 

083421 

083286 

083157 


083034 

082915 

082801 

082692 

082567 


032436 

089389 

•063297 

•082207 

082122 


*082040 

*081961 

•081885 

•081812 

•081742 























































VALUATION OF PROPERTY, 


Book IV 


Thk Fifth Taole or Comfouvo 

The Annuity which One Pound will purchase for any Number of Years to eome^ Ao. 


3 per Cent 4 per Cent. 5 per Cent. 6 per Cent. 7 per Cent 8 per Cent. 


•038697 

•038533 

•038373 

•038217 

*038064 


•037914 

•037768 

•037625 

•037485 

•037349 



•036588 

•036470 

•036355 

•036243 

•036132 


•036024 

•035919 

•035815 

•035713 

•035614 


•035516 

•035421 

•035327 

•035235 

•035145 


•033920 

•033855 

•033791 

•033729 

•033367 


•046402 

•046258 

•046118 

•045982 

•045848 


•045719 

•045592 

•045469 

•045348 

•045231 


•045116 

•045004 

*044895 

•044789 

•044685 


•044584 

•044485 

•044388 

•044293 

•044201 


•044111 

•044023 

•043938 

•043854 

•043772 


•043692 

•043614 

•043537 

•043463 

•043390 


•054650 

•054528 

•054409 

•054294 

•054182 


•054073 

•053967 

•053864 

•053764 

•053666 

•053572 

•053480 

•053390 

•053303 

•053218 


•053136 

•053056 

•052978 

•052902 

•052828 


•052756 

•052686 

•052618 

• 0.52551 

•052487 


•052424 

•052363 

•052303 

•052245 

•052189 



•042985 

•042923 

•042862 

•042803 

•042745 

•042688 

•042632 

•042578 

•042524 

•042472 


•042421 

•042372 

•042323 

•042275 

•042229 


•051879 

•051832 

•051787 

•051742 

•051699 


•063339 

•063238 

•063140 

•063046 

•062954 


•062865 

•062779 

•062696 

•062615 

•062536 

•062461 

•062387 

•062316 

•062247 

•062180 

•062115 

•062052 

•061992 

•061932 

•061875 


•061820 

•061766 

•061714 

•061663 

•061614 


•061567 

•061520 

•061476 

•061432 

•061890 



•061163 

•061129 

•061096 

•661064 

•061033 


•051656 

•051615 

051575 

051536 

051498 

■061002 

060973 

•060945 

•060917 

•060891 

iiiii 

•060865 

060839 

060815 

060791 

060768 


•072375 

•072293 

•072214 

•072139 

•072065 


•071995 

•071926 

•071861 

•071797 

•071736 


•071677 

•071620 

•071565 

•071511 

•671460 

i 


•071410 

•071363 

•071316 

•071272 

•071229 


•071187 

•071147 

•071108 

•071071 

•071035 


•071000 

•070966 

•070933 

•070902 

•070872 


•070842 

•070814 

•070786 

•070760 

•070734 


•070710 

•070686 

•070663 

• 070641 , 

•070619 


•070598 

•070578 

•070559 

•070540 

•070522 


•070504 

•070487 

•070471 

•070455 

•070440 


•081675 

•081611 

*081549 

•081489 

•081432 


•081377 

•081324 

•081273 

•081224 

•081177 


•081132 

•081089 

•081047 

•081007 

•080969 




•080767 

•080738 

•080710 

•080683 

•080657 


•080632 

•080608 

•080584 

•080562 

•080541 


•080520 

•080501 

•080481 

•080463 

080446 


080429 

080412 

080397 

080382 

080367 


080353 

080340 

080327 

•080314 

•060303 


080291 

080280 

080269 

080259 

•080249 
















































Cmam. IV* 


COMPOUND |NT£R£Sr TABLER 


ns5 


Tax Futth Tabub or Cokpodko Iktxrxst — continued, 

JTho Annuity whieh One Pound will purchase for any Number of Years to come, Ac. 





75J 

76 
76J 

77 
77i 

•033607 

•033548 

•033490 

•033433 

•033377 

•042183 

•042138 

•042094 

•042052 

•042010 


•033322 

•033268 

•Oa-^»215 

•033162 

•OSSlll 


4 per Cant. | 5 per Cent. 


•051288 

•051257 

•051226 

•051195 

•051166 


•051137 

•051109 

•051082 

•051055 

•051029 


•041969 

-041929 

•041890 

•041851 

•041814 


•060746 

•060724 

•060703 

•060683 

•060663 


•060644 

•060625 

•060607 

•060589 

•060572 


•070425 

•070411 

•070397 

•070384 

•070371 


•070359 

•070347 

•070335 

•070324 

*070313 


8 per Cent. 


•080240 

•080231 

•080222 

•080214 

•080206 


•080198 

•080190 

•080183 

•080176 

•080169 


•033061 

•033012 

•032963 

•032915 

‘032868 


•041777 

•041741 

•041706 

•041671 

•041637 


•051004 

•050979 

•050955 

•050932 

•050909 


■060555 

•060539 

•060524 

•060509 

•060494 


•070303 

•070292 

•070283 

•070273 

•070264 


•080163 

•080157 

•080151 

•080145 

•080140 


•032822 

•032777 

•032733 

•032689 

•032646 


•032604 

•032562 

•032522 

•032482 

•032442 


•041604 

•041572 

•041540 

•041509 

•041479 


•041449 

•041420 

•041391 

•041363 

•041336 


•050886 

•050865 

•050843 

•050823 

•050803 

•050783 

•050764 

•050745 

•050727 

•050709 


•060479 

•060466 

•060452 

•060439 

•060426 

•060414 

•060402 

•060390 

•060379 

•060368 


•070255 

•070247 

•070238 

•070230 

•070223 

•070215 

•070208 

•070201 

•070194 

•070188 


•080134 

•080129 

•080124 

•080120 

•080115 

•080111 

•080106 

•080102 

•080099 

•080095 


•032403 

•032365 

,032328 

•032291 

•032255 


•032220 

•032185 

•032150 

•032116 

•032083 


•03205 1 
•032018 
•031987 
•031956 
•031925 


•031895 

•031866 

•031837 

•031808 

•081780 


•031752 

•031725 

•031698 

•031672 


•041309 

•041283 

•041257 

•041232 

•041207 


•041183 

•041159 

•041136 

•041114 

•041091 


•(HI 070 
•041048 
•041027 
•04 J 007 
•040987 


•040967 

•040948 

•040929 

•040911 

•040893 


•040875 

•040858 

•040841 

*040824 

•040808 


•050692 

•050675 

•050658 

•050642 

•050627 

•050611 

•050596 

•050582 

•050568 

•050554 

•050540 

•050527 

•050514 

•050502 

•050490 


•050478 

•050466 

•050455 

•050444 

•050433 


•050422 

•050412 

•050402 

•050392 

*050383 


•060357 

•060347 

•060337 

•060327 

•060318 


•060309 

•060300 

•060291 

•060283 

•060275 


•060267 

•060259 

•060251 

•060244 

•060237 


•060230 

•060224 

•060217 

060211 

•060205 


•060199 

•060193 

•060188 

•060182 

■060177 


•070182 

•070176 

•070170 

•070164 

•070159 


•070153 

•070148 

•070143 

•070138 

•070134 


•070129 

•070125 

•070121 

•070117 

•070118 


•070109 

•070105 

•070102 

•070098 

•070095 

•070092 

•070039 

*070036 

*070013 

•0700S0 


•080091 

•080088 

•080084 

•0800H1 

•080078 


•080075 

•080072 

•080070 

•080067 

•080064 


•080062 

•080060 

•080057 

•080055 

•080053 


•080051 

•080049 

•080047 

•080045 

•080044 


•080042 

•080040 

•080aS9 

•080037 

•080036 


*040000 


«noOnrin 


ttVf/%ru"krk 
















































Tai^le VLo. Expectation of Life. 

De Moivre*! Hypc^hesis on the duration of human life, namely, that of 86 persons born 
one dies erery year till all are extinct, has led to an empirical rule of easy recollection for 
the expectation of life, namely, to subtract the age from 86 and halve the difletenoe for an 
answer. In tlie left hand side of the subjoined table is shown the number of persons out 
of 10,000 who may be expected to die in the year following their attaining the age mailced 
in the drst column, according to the Hypothesis, to the Northampton and Carlisle tables, 
and to the Belgian one of Quetelet^ The table on the right sliows the values of annuities 
on lives at 3 per cent in years’ purchase, whence it appears that in mOnOy results the 
Hypothesis curiously agrees with the celebrated Northampton tables. 






















CtU9. IV« 


AKHUITT TABLES. 
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Taiub VIL Slnurang Sm VAkie of «a Aimtt^ on tfao |okit CoMfcinwanoe of two LiTei» 
•eoording to the Probabilities of Lift In London* 


































































VALUATIOS OF ^ROPfiRTF. , . Rook ly 

Tam.! VllL Sliowing the Value of an Annui^ on the longer of teN» Um 

























































A BRIEF SYNOPTICAL LIST OF THE PRINCIPAL 


ARCHITECTS, 

ANCIENT AND MODERN, 
WITH THEIR CHIEF WORKS, 
Revised Br W’vatt Papworth 


Ko 7B. — Many of the Names herein are more fully noticed in the body of this work, and 
some few others will be found by reference to its Index. 


BEFORE CHRIST. 


7tA. CtntMfy, 

I. Aoamedes and Tkophokius of Delphi. — Mentioned only in mythology; temple 
to Apollo at Delphi ; a temple to Neptune near Mantinaui. 

11. Theoooros and Rhcbcus, of Samos. — Labyrinth at Lemnos; some buildings at 
Sparta ; the temple of Jupiter at Samos; foundations of one of the temples of 
Diana at Ephesus. 

III. Hermoqikes of Alabanda. — Temple of Bacchus at Teos; and that of Diana at 

Magnesia. (Now considered to be of the 5th and 4th century b.c.) 

6M. CtMhtry, 

IV. Demetrius and P.«onius, of Ephesus.— Continuation of one of the temples of 

Diana, at Ephesus^ which had been begun by CaEUsiPuaoN or Ctesiphon and 
his son Metagenes. 

V. Daphnis of Miletus. -'With Pjkonius, temple of .4pollo at Miletua 

VI. Eupaunus of Mcgara,— Tunnel for the aqueduct, and some edifices at Samos. 

VII. Chimosopuus of Crete,— 'Temple to Ceres and Proserpine ; another to the Papliian 

Venus, and one to Apollo ; all at Tegea. 

VIII* Mandroci.ks of Samos.— Bridge of boau over the 'ThracuurBosphorus, for King 
Darius. 

IX. Mxmno of Persia,— A magnificent palace at Enbatana for Cyrus. 

5(h» Century, 

X. Pythius of Priepe.— Maiiwleum at Halicarnassus; the temple of Minerva at 

Priene, and wrdte a treatise on it In the former he was assisted by Satyrus. 
xt Skntharus of Corinth.— Rebuilt the temple of Ap<dlo at Delphi, which had 
been daalroyad by fire. 

XII, Liao af Elis.— Temple of Jupiter Olympius at Olympia. 

XHi. Ictinus of Athens. — Parthenon at Athens, and wrote a treatiac upon it; perhaps 
the temple of Ceres and Proserpine at Eleusls ; temple of Apollo Epieurius 
near Phigaleia. 

XIV. Callicea^es of Athens,— Assisted lotintlall the erection of the Parthenon, 

XV. Mkxsicles of Athens. — Propylea of the A^poUs at A^ena. 

XVI. AmrlsTATis of Atheha — A temple of Jupiter at Athens. « 

xvxi. ScoPAS of Paroa — One side of the Mausoleum at Halii0i^i||assnsi a column of the 
temple at Ephesus. Employed on temple Minma at Tegea. 
tvni. Hippooamus of Miletus.— Laid out Munyehia in the Pir«ut ^d Rhodes. 

Xfi, CoRciBos and MiTAOitifcs Xrrttxus of Athena— Ptrhapa the temnie of Cetei 
at Eleu^. 

XX. PoLYCUtTua^A theatre with a dome at Epidaurua highly praised by ^miianiua 

XXI. AacHxes of Corinth.--Msoy temples and other edifiees, at 
xxii. Caixx^ of Aradus.— Machinery. 

Mtm* TsncHXiitm and Ajuxsuua— Wrote tresUces cm ArehUeeture; Ihe former b 
auppbied to have ereeted the tample to jSseidapIns at IVmllea ‘ 
kxtv. Maastaxa--J?Mudodiniaml tamale of Anallo at Ma*n«^A 
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LIST OF ARCHITECTS, 


BEFORE CHRIST. 


4<A« Ctm^mrff 

xiy. Dkikockatss or Dikochixcs of MacodonU. — Rebuilt the last temple of Dtana a( 
Ephesus ; laid out the city of Alezandi^ and designed many ediSces there ; 
proposed to transfi>rm Mount Atbos into a colossal figure of Alexander. 

xxTi. CaLLfiCACHOS of Corinth. — Reputed inventor of the CwinSiiao oriefr. Vitruvius, 
b.iv. chap. 1. 

xxvii. SosTEATus of Cuidus. — The Pharos near Alexandria. 

xxviir. Eufolxmus of Argos. — Several temples and a theatre at Argos. The Her»um 
near Mycenae. 

Srd. Centurp, 

XXIX. Phjeax of Agrigentam. — Various buildings at Agrigentum. 

XXX. Clkooamas of Bysantium. — Restored* with Athensus* the cities destroyed by 
the Scythse and others. 

Sad. Csatary. 

XXXI. CossuTxus of Rome. — Additions to the temple of Jupiter Olympius at Athens, 
for Antiochus Epiphanus, king of Syria, and afterwards flmtiojed. 

xxxn. Philo of Athens or of Bysantium. — Enlarged the arsenal and the Pirvus at 
Athens ; erected the great theatre, rebuilt by order of Hadrian. Wrote on 
Architecture. 

xzxiu. Hxrmodorus of Salamis. — Temple of Jupiter Stator in the Forum, and temple 
of Mars in the Circus Flaminius, at Rome. 

xxxiv. Caius Munos of Rome. — Temples to Honour and Virtue near the trophies of 
Marius at Rome 

1st Century. 

xxxa. Batrachus and Saurus, of Laconia. — These two architects built the temple 
and enclosed by the portico of Octavia, at Romh. The name of the first (Serrpaxos) 

XXXVI. signifies a frog ; and that of the latter (i^Mpf), a lixard. They are con- 

sidered to have perpetuated their names by tMkeprnentation of those animals 
in the eye of the volutes of tlie Ionic order, of ^ich a capital has been found ; 
and in the churches of St. Eusebius and of St. Lorenzo fuori le Muri, at 
Rome, are pedestals sculptured with them. 

xxxviL Dxxifuanxs of Cyprus, or Cnidos. — A causeway ; and rebuilt or repaired the 
Pharos at Alexandria, erected by Sostratus. 

XXX VIII. Valerius of Ostium. — Covered in a theatre at Rome. 

xxxix. Cyrus of Rome. — Architect to Cicero and his brother. ^ 

XL. PosTHUMius of Rome. — Many works at Rome and Naples. 

XLi. Lucius Cocceius Auctus of Rome. — Grotta della Sibella from Lacus Avemus to 
Baiae; a temple at PozzuoU ; tunnel of Cumee, near the Lacus Avernus. 

XMi. Fussitius or Fufitius of Rome. — Several buildings at Rome. The first Roman 
who vrrote copiously on architecture. 

XLiij. Messidius and Philoxenus. — Formed an aqueduct near Rome fi>r Cioero'a 
brother. 

xuv. Numisius. — T heatre at Heroulaneiim ; buried a.d. 79. 


AFTER CHRIST. 


OMnurjr. 

1. Marcus Vitruvius Poluo of Pano. — Basilica Juititi^^^jt Fauo. Writer on arobitec- 

ture, the oldest work extant on the ait. 

2. ViTEUvius Ceedo of Verona. — Triumphal arch at Verona. 

3. Cblse of Rome. — Golden bouse of Nero, with Severus of Rome. 

4. Uabikius of Rome.— Palaee of Domitian and works oooiiected therewith, on Mount 

Pdlotine. 

■5. Mvsnus of Rome. — Temple to Ceres at Rome. 


6. Juuus FaoMmus of Rome. — ^He his lefc a wotk on aqueducts. 

7. AfOLLOooaos of Damascus. — ^The fiirum of the edloiim df <>tber 

boildtoge it Rome ; a stone bridge over the Dnndbe in Lqwir the 

remeint of wbieb ere still vLftile. 





AND irHElH l^ftlNCiPAL WDBKS. 


n«i 

CHRIST. 


S. Caiva JvtivB Lacwm. of Rome.*— BridffO orer the Tague at Alean^tara, in Spain ; a 
temple there, now dedicated to San Giuliano. 

9. DmiAirva of Rome. — Males Hsdriani and the Pons Adltts ; now nailed the Castello 
and Ponte Sant* Angelo ; removed the colossal statue of Nero foot Hadrian. 

10. AirroNXNus, Senator, of Rome. — Pantheon at Epxdaurus ; baSis of dSienlajpias, in die 

same city. 

Ml. Oeat w ry. 

11. MiTEODORfts of Persia.— Many buildings in India, and some at Constantinople. The 

drst known Christian architect. 

12. ALvrius of Antioch. — Employed by Julian to lay the foundation of a new temple at 

Jerusalem. 

8tli. C on t nr y. 

13. Ctriadks, Consul, of Rome. — A bauUca and bridge for Theodosius, carried on by 

Auxentius, senator, Symmachus, prefect, and Afrodisius, consuL 
li. SxMVAiCAa of Arabia. — Sedir and Khaovamack, two celebrated palaces in Arabia. 

THE SCYTHIAN DXVASTATIONS. 

15. Aloisius of Padua or Rome. — Buildings for Tlieodoric ; assisted Daniel in the erection 
of the celebrated mausoleum at Ravenna, the cupola of which is of one stone, S6 
feet diam. outside, SO feet inside, and hollowed within. 

€tb. Oeatvry. 

Xo. AStherius of Constantinople. — The vestibule called Cbalce in the Imperial Palace at 
Constantinople, for Anastatius I. ; and a wall in Thrace 54 miles long. 

17. Anthemius of Tralles. — Sta, Sophia at Constantinople; be was assisted by Isiooaus 

of Miletus. 

18. Chrtses of Alexandria. — Constructed the embankments along the Euripus, near 

Dara, in Persia, to keep the river in its channel, and to keep out the sea. 

TUI. Century. 

19 and 20. Isinoaus of Byzautium, and Joannes of Miletus. — The city of Zenobia, on the 
river Euphrates, in Syria, for Justinian. 

Stli. C en tmry. 

2t. Abdelreahaman I. of Spain. — Gave the designs for the mosque at Cordova. 

Rth. Ce ntu r y . 

22. Romualdus of France. — Cathedral at Rheiins, the earliest example of Gotliic archi- 

tecture. 

23. Maonus Eqinhardus of Odenwald, in Germany. — Prefect of buildings to Charle- 

magne. The monastery at Mulinbeim, now Seligenstadt; drawing of monastery 
for Gozpertus, abbot of St. Gall in Switaerhuid. 

24. Tioda of Spain. — Palace for King Alphonso the Chaste, at Oviedo, now the epis- 

copal palace ; churches of St. Salvador (since destroyed), St Michael, and St 
Mary, and St Julius outside the walls. 

lOtb. Contory. 

25. EaxaHARD, abbot, of Switserland. — Church and monastery at Einsiedlen, in Swit- 

terland, and completed by Tietland, abbot. 

26. Abdallah ben Said of Spain. — Eastern aisles of the mosque at Cordova. 

R&tlii Century. 

27. Buscitiib or Buscketto. — C hurch of S. Paolo at Pistoja, 1032. Dumue at Pisa, 

the earliest example eftbe Lombard style of architecture. It was built In 1 063. 

28. Humbbet, arohbiahop, m Lyons. — Erected the stone bridge over the Sbone at t 4 yQiiB, 

and is recorded as the architect 

29. Pixrao Bi VsrAiiBxa of Spain. — Crypt of the cathedral at Chai^trea, or by bishop 

Fulbert ; rebuilt the ohuroh of St. Isidorus at Leon, and areeted a bridge there. 
Sa CAEiLsriiQ, bishop of Durham, of England.— Began the eathednd eborch of Durliam, 
^’ona plan which he had brought widi him from Pxanca,** Wheie he had been abbot 
of St Vincent in Normandy. 

Mtih. Oontnryp 

31. LANraARcus of Italy.— HieeBthedral at Modene, 1089*1108. 

32. X^itBrainus of Honiiai|iy 4 *-£reeted caaOt of Mdibiers in Normandy, and then 

RRd; of Iviyi elter trliioh w«i%elunded| thet he xnigltt nol eiect 






*• in K«>t; Mfh.te T tr oj 

54. Ooo, prbr of Cfoylind, of JS^gltnd— Cbufoh of Cropland Abbey. Ausold, a lay 
broUier of the abbey, was employed at matoa. 

35. Lalys of tlie Land of Canaau.— Neath Castle^ Glamor/tanshire, and otlier castles, 

monasteries, and churches; built Lalystoo ; appointed architect to Kin/j Henry I. 

36. Raymundo of Montfort, of France. — Cathedral at Lugo, in Spain, all but the belfry 

and facade. « . . 

.S7. Dioti Saivi, or D. oe Petrosi, of Italy* — Bapttatry at Pisa, in the Lombard style, 

38. Buono of llavenna. — Palaces and churches at liavenna ; tower of St Mark at Venice, 

which is 330 feet high, and 40 feet square, built 1148-54 ; the Castel del Uovo 
and the Castle Capuano, at Naples ; and palaxEo de’ Signori at Arezzo. 

39. Gruamons of Pistoia. — Part of churches of St. Andrea and of St. Giovanni at 


40. Alvar Garcla of Estella, in Spain. — The reputed designer of the cathedral at Afila 

del Rey, in Spain. 

41. SuGGER, of France. — Built parts of his abbey church of St. Denis, near Paris. 

42. Pjetko Cozzo of Limena in Italy. — Sala della Ragione at Padua, which is about 26 1 

feet lung, 88 feet wide, and 87 feet high inside. The roof was burnt in 1420, and 
restored by Rizzio and Piccino, of Venice; it was dismantled by a whirlwind in 
1756, and restored by B. Ferracina. 

43. WiLHELMus of Germany, — Campanile at Pisa, 178 feet high, with Bonano of Pisa. 

Tomaso, also of Pisa, completed it in the 14th century. 

44. WiLUAM of Sens. — Choir of Canterbury Cathedral, after the fire of 1174; completed 

by William the Englishman. 


Ceatnry. 

45. IsENBEKT of XAiNrTEs,in France. — Bridges at Xainctesand Rochelle. Recommended 

by King John to the citizens of London as a proper person to finish London Bridge, 
begun by Peter of Colechurch, in 1176. 

46. Heivas oe Berham or Derh am, canon of Salisbury, of England. — Overseer for 

twenty years of the works at Salisbury Cathedral, from its foundation. He was 
succeeded by a certain Robert. He may be the same person who is called Elyas 
the Engineer, in records of the reigns of Kings Richard 1. and John, relating to 
the repair of the king s houses at Westminster. 

47. Edward Fitz-Ooo of England. — Supposed master of the works at Westminster Abbey 

Cht.rch for King Henry 111. 

48. Robert de Luzarches of France. — Cathedral of Amiens; continued by Thomas le 

CoRMOMT, and finished by his son Regnault, as stated in the labyrinth in the nave. 

49. Estienne de Bohnueill of Paris. — Church of tl.e Trinity at Upsala, in Sweden, 

built after the model of Notre Dame at Paris, with ten companions and as many 
pupils. 

50. Wilari de Honecokt of France. — Author of a vellum sketch book, preserved at 

Paris; published by Ijissus and Darcel in 1858, and translated by Professor 
Willis 1859. Church of St. Elizabeth at Cassovia, now Kaschau, in Hungary ; and 
of StYvcd de Bruine; and one at Cambray. 

51. Pierre DE Corbie of France. — Many churches in Picardy, and perhaps the aptidal 

chapels at Rheims Cathedral. 

52. jAcoro or Lapo of Florence (there were st *eral other artists of this name). — Church 

de’ Monaci Cassinensi (afterwards the Ves^oYodo, and now tbe cathedral ) at Arezzo, 
continued by Margaritooe. Tbe piers of the ponte della Carrsja at Florence. 

53. Jean de Chelles of France. — Gabled fronts of the transept and first chapels of the 

choir at the cathedral of Notre Dame at Paris. 

54. Pierre or Montereau or de Movtreuil, in France. — The fiist Sainte Chapelle at 

Vincennes ; the refectory, dormitory, chapter-house, and chapel of tbe Virgin in 
the monastery of St. Germain des Prds. near Paris t the Sainte Chapelle at Paris, 
and other churches. 

55. Hues Liisrqiers of Rheims, in France.— -Church of St Nicaiaeat Ehaimarnow de- 

stroyed. He was succeeded by Robert de Coocv. It is one of the early iqjecimens 
of pure Gothic in France. 

56. Sak dojfSALvo of Portugal — A bridge and a obur^ at Amaiwita* 

57. Sah Pictao Gobsalyo of Tui, in Portugal.— Smie bri4s« ot 

58. 8 am LoMMMto of Portugid.-Stoiie bridge at Cam. 



AND THEIR PRINCIPAL WORKR 




AFTER CHRIST* 


59. Jacopo of GernumF. — Remodelling (he buildings of the monsstery of St. Francisco 
at Assisi ; the Palazzo del Barjello ; and the facade of the arcbbUhop’s palace, 
both at Florence. 

GO. Nicola of Pisa. — Monastery and church of the Dominicans at Bologna ; church of 
San Mitheli ; some palaces ; and the octagonal campanile of the Augustins at 
Pisa; church del Sati Antonio at Padua; church of Santa Maria at Orvie:o ; 
church de* Fratri Minor! at Venice ; abbey in the plains of Tagliacozzo, near 
Naples, as a memorial of the victory by Charles I. over Conrad ; design for the 
church of San Giovanni at Siena, and for the church and mona 8 tei 7 della Santis- 
sima Trinita at Florence; Dominican monastery at Arezzo, carried out by Mag- 
lione, his scholar. Repairs and alterations to the duomo at Volterra, and the 
Dominican monastery at Viterbo. 

61. IIsNai DE Naebokne of France. — Cathedral at Gerona, in Spain, which city he 

undertook to visit six times a year. 

62. Jacobus de Favariis of Narbonne, in France. — Succeeded him at Gerona. 

63. Fuccio or Fucius of Italy .-^Perhaps restored the church of Santa Maria sul* Amo at 

Florence. The gate and towers near the river Voltumo at Capua. Finished the 
Castel Capuano, now the Vicaria, and Castello dell* Uovo, at Naples, commenced 
by Buono. 

64. Ferrante Maglione of Pisa. — Cathedral and church of San Lorenro at NapleC. 

Palazzo Vecchio and many churches at Naples, in conjunction with Giovanni 
Benincasa. Dominican monastery at Arezzo, from the designs of Nicolo da 
Pi*.a» 

65. Masuccio of Naples. — Completed the Castel Nuovo, and the church of Santa Maria 

della Nuova ; designed the churches of San Domenico Maggiore and San Giovanni 
Maggiore ; restored the cathedral of San Gennaro ; designed tlie Palazzo Sant* 
Angelo and Palazzo Colombrano ; all at Naples. 

66. Giovanni da Pisa, in Italy (son of Nicola da Pisa). — Campo Santo or public cemetery, 

and the tribune of the Duomo, at Pisa; Castel Nuovo, and the church of Santa Maria 
della Nuovo at Naples ; facade of the cathedral at Siena ; many buildings at 
Arezzo and other towns in Italy. He was the first architect in the modern style 
of fortification. 

67. Erwin von Steinbach, in Germany. — The portail of the cathedral at Strasbourg, 

from 1277 till his death in 1318. His son continued the work. 

68. Stifano Masuccio of Naples. — Church of Santa Chiara at Naples. The lower part 

of the campanile is attributed to him or to his pupil Giacomo de Sanctis. 

69. Pedro Perez of Spain. — Commenced the cathedral at Toledo. 

Eft til. OeatuiT. 

70. Arnolfo di Cambio or Arnolfo di Lafo of Florence.— Restoration of ilie potite di 

Trinitd ; the churcii of Santa Croce ; the walls of the city, with the towers ; tlie 
Ipggia of the Or San Michele ; the principal chapel of the Badia, enlarging the 
church and the campanile ; Palazio della Signori, now Pallaszo Veccnio ; design, 
model, and foundation of the cathedral of Sta Maria del Fiore, with the Loggia and 
the Piazaa dei Priori ; all at Florence. 

71. Johannes de Midoeltok, of Durham. — As mason erected the lower part of the dor- 

mitory of the monastery ; completed by Peter Dryng in 1401. 

72. Andrea da Pisa in Italy. — Designed the Castello della Scarperia at Mu^llo, at the 

foot of the Apennines ; designed the church of San Giovanni at Pistoja ; fortified 
and enlarged the ducal Palazio Gualtieri at Florence. 

73. Agostino da Siena, or da Pisa, in Italy, and bis brother Anoslo da Pisa. — North 

and w*est facades of the cathedral at Siena, and two gates ; church and monas- 
tery of San Francisco r Palazzo de* Nove Magistrati ; grand fountain in the piatza 
opposite the Palatso ^lla Signoria ; hall of the council chamber, and Palazzo 
Publico $ church della Santa Maria in Piazza Monetti, all at Siena, and all built by 
him in conjunction with his brother; aho several works at Assisu Orvieto, and other 
towns, 

74. WiutAM Botden of England. — Chief architect (or master mason) for the chapel of 

the Virgin at St, Albans Abbey Church. 

75. (LtOmwft or stonemason) of Evesham, in England. — Chaptei^house, refiso 
Wiy, abbot's ball, and kitchen of the monastery at Evesham, 

76. Watvaa na WanroN of England. — Clerk of the works at Westminster, kept the roUa 

of eapenies of the ertciion of St. Stephen's Chapek 

77. Thomas CAiittiiaoai» in £ngland.«-Maslor mason/ 13d(Vat St Stephen's Ohspel» 

WestasinatSr. 



IIH 


LIST OF AUCHITECTS, 


AFTER CHRIST. 


78. Raimomd DU Tjemfle of France. — Great staircase at the Lduvrc at Paris. 

79. Richard de Farleioh of England. — Master mason at Bath and Reading ; at Salis- 

bury Cathedral he worked with Robert, the mason. (Sec No. 46). 

80. Nicolas BonaVbhtura of Paris. — Employed on cathedral at Milan 1388» followed 

by Jean Campomosia of Normandy, and by Jeah Mionot in 1399. 

81. Giacomo Lakfrani of Italy. — Church of Francesco at Imola ; churoli of San 

Antonio di Castello at Venice* and some tombs at Bologna. 

82. Jean Ratt or Raut of France. — Finished the church of Notre Dame at Paris. 

83. Hans Hilts, Hiltz, or Hbura, of Cologne. — Conducted the works after the death 

of the Steinbachs, at Strasburg Cathedral, to the four winding staircases up to the 
cupola. His son Hans completed the tower. 

84. JosT Dotzincer of Worms. — Succeeded Hilts; he made the font, repaired the choir 

and the vaulting. He had sufficient influence to cause, H52, the confederacy of 
the masons* lodges in Germany, and is considered by many as thus commencing 
the modem Freemasonry. 

85 Alfonso Doxinques of Lisbon. — Said to be the fllrst architect engaged on the monas- 
tery at Batallia in Portugal. 

86* David Hacket, or Aquete, or Ououet, of Ireland. — Commenced the chapel of the 
founder at the Batalha, in Portugal. 

87. William or WvKEif AM, bishop of Winchester, in England. — Supposed to have de- 

signed New College', Oiford, and the College at Winchester, both founded by him ; 
rebuilt or cased the nave of Winchester Cathedral ; and erected some portions of 
Windsor Castle. 

88. William de Wvnford, of England. — Master mason ; was employed by Wykeham on 

many of his buildings. 

89. Alan de Walsingham, sacrial^nd prior at Ely, in England. — The Lantern Tower 

and accessory portions, and 'l^lpitity Church, at Ely Cathedral. 

90. William Reade, bishop of Chichesler, of England. — First library at Merton College, 

Oxford ; Amberley Castle, Sussex ; an eminent mathematician. 

91. Andrea di Cione, c^ed Orcagna, of Florence, and hts brother Jacopo di Cionx. — 

Additions to the Gran-ducal palace, tite Loggia de* Lan^i, at Florence. His 
brother built the tower and gate of Sari Piero Gattolino at Florence. 

92. Gainsborough, or GAYNissuac, of Epgland. — Employed at Lincoln Cathedral, where 

bis gravestone still exists. 

92a. Henry Yevele or Zeneley, and SrsPHEN Lote, of Londpn. — Contracted for the 
stonewoik of the tomb of the first wife of Richard II. ; and devised the form and 
model for raising the walls of Westminster Hall, London. 

15th. Caatury. 

03. Filippo di Ser BauNELLEeco dei Lapi of Florence. — Dome of the cathedral of 
Santa Maria del Fiore at Florence. A council of artists fkom all parts was held 
in 1420, to advise on this scheme. The Palazzo Pitti, begun and half built by 
him, completed by Luca Fancelli ; great part of the church of San Spiritu ; chap- 
ter.bouse and a chapel to the church of Ste. Croce ; the church degl* Angeli, never 
completed ; the fortress of Milan, and several works about that city ; a model for 
the fortress of Pesaro ; the old and new citadels at Pisa ; some other works there, 
as well as at Trento, and in other parts of Italy ; and the drainage of the country 
round Mantua. He set the first example of a purer style in the architecture of Italy. 

94. Michelozzo Micuelczzi of Florence. —Palazzo di Medici, now Riccardi, the first 

building in Florence on modem rules ; Palauo Cafoggi^o, at Mugello; Domi- 
nican monastery and church of S. Marco; Noviziata ddU Santa Croce ; chgpel in 
the church dei Servi ; Villa Medicea di Careggi, now Orsi ; Pidazzo Tornabuoni, 
now Corst ; with several other buildinp at Florence. Library at the monastery uf 
the Black Benedictines at Venice ; Palazzo at Fiesolc ; aome buildings at Trento ; 
a beautiful fountain at Aasiai, the old citadel at Perugia ; alteretions to the palace 
at Milan presented by Francisco Sforza to Cosmo di Medici ; and otlter great 
works in various towns in Italy. 

95. Juan Alonso or Alfonso of Spain.— Directed the cooatnietion of the castle of 

Mouraon in the Alemtcjo ; and deigned the sanctuary church of the moniuitery at 
Guadalupe in Spain. 

96* GiuLiANo DA Maiano, near Fieaole. — Stiooeeded X4ipl th# Dtiomtl 9^ tlatmce ; 
PaUxBO del Pog^o Reale at Neplet, and many works In ^at besides 
fiatmtains. An edifice in the first Corttle in the Vatican bt l|o»oe | onhloa of S®*' 
Marco at Roine; and restored the clittrcb* Bofan to emit of 

Caati at l^eto^ completed by hU nephew BeneStlio da 





AND THEIR PRINCIPAL WORKS. 


1I3J 


AFTBa CHRIST. 


97. NoiiVom or Mokton, of England and warden).«^Restored St Marj RedcUini 

church, Bristol, after the fall of the spire in 1446. 

98. JoHw DaTELi. or Datell or DantLL, of England— Surveyor at the erection of All 

Souls' College, Oxford, of which he was a fellow. 

99. Roger Ketes, of England. — Fellow and warden of the college, succeeded to Drydl $ 

he had been master of the works of Eton college, Berkshire. 

ICX). William Horwod (freemason) of England — Nave, aisles, and tower of the Collegiate 
chapel at Fotheringay, Northamptonshire. 

101. Nicholas Cloos, or Close (aftenrards bishop of Lichfield) of England. — Supposed 

to have Resigned King's College chapel, Cambridge ; though, according to some, 
his father was the architect. 

102. Christodohlos. — Mosque of Mahommed II. on the site of the church of the Apostles 

with eight schools and eight hospitals, all at Constantinople. 

103. Baccio PiNTELU of Florence.— Church and monastery of l^nta Maria del Popolo; 

the celebrated Capella Sistina in the Vatican ; the hospital of Santo Spirito in 
Sassia ; Ponte SUto ; the church of San Sisto; the church of St Agostino ; the 
church of San Pietro in Vincola ; palace for the Cardinal del Rovere in Borgo 
Vecchio, all at Rome. Repaired the church and monastery of San Francesco at 
Assisi. The palace for the Duke Federigo Feltre at Urbino it attributed to 
him. He first set the example of grandeur in the architecture of chapels. 

104. Bartolomeo Suaroi, 11 Bramantino, of Italy. — Many works at Milan, and other 

parts of Italy. 

XQ5. Giovanni del Pozzo, of Cuenca, in Spain. — Dominican monastery, and a great 
bridge over the Huexar, near Cuenca. 

105. Andrea Ciccione of Naples — Monastery and church of Monte Oliveto, now San 

Carlo Borromeo; great portal of the church of San Lorenzo; church of Sta. 
Marta ; Palazzo of Bartolomeo Riccio, now Ercolense ; and several other con- 
vents and palaces, all in the city of Naples. 

107. Akistotile Albeeti or Ridolpo Fioravanti of Bologna. — Restored the tower of the 

church of S. Biagio, at Cento, to its perpendicular position; removed the Campanile 
of Santa Marta del Tempio, at Bologna, several feet ; rebuilt a bridge over the 
Danube in Hungary; built the Church of the Assumption at Moscow, in wl Ub 
city he is supposed to have built the Kremlin, and other works. 

108. Wiluam Orchveards of England. — Master mason of Magdalen College, Oxford. 

109. FaANCESCo Di Giorgio of Siena. — The ducal palace at Urbino, attributed also to 

Alberti, Luciano, and Pontelii. 

no. Tommaso Formentonb of Brescia. — Palazzo Municipale or Della Loggia, at Brescia, 
one of the four chief town<balls in Italy ; continued by Sansovino and completed 
by A. Palladio. 

111. Luciano di Martino or L. i>i Laukanna. — Palazzo for the Duke Federigo Feltre at 

Urbino, completed by Ponteili. 

112. Leone Battista Alberti of Florence. — Church of San Francisco at Rimini; churches 

of San Sebastiano and of San Andrea, at Mantua. The principal facade of Santa 
Maria Novella, at Florence, has been attributed to Alberti, but from the circum- 
stance of its being Gothic, it is more probably by Bettini ; the gate and Corinthian 
loggie are, however, fkom the designs of Alberti. Palazzo Rucellai ; and the 
choir and tribune of the church della Nunziata, both at Florence. At Rome he 
altered the papal palace for Pope Nicholas V., and repaired the aqueducts of the 
Aqua Vergtne, and decorated the fountain of Trevi, Many buildings in Italy are 
attributed to him, but are by his pupils. 

113. Jan Keldermans of Germany. — Completed the old Hotel de Villo at Louvain, now 

the council chamber. 

114. Mathisv de La yens of Louvain.— Hotel de Ville at Louvain ; choir of the church 

of Ste. Waltrude at Mons; Tabernacle, baptistry, and altar of the Vir^n in the 
church of S. Leonard at L^u; completed the church of SL Sulpice at Dieat, begun 
by R van Vorit, and erected the tower. 

lid Hamz Boebunger and Matthaeus BoEELiNOEa. — Commenoed the Frauenkirclie at 
Eadi^gen, near Stuttgart, continued by bis aon, who built the Ketherinenkirche 
and the Mtalkircbe. Employed on the cathedml at FrankIbit-eur-Matttc, and on 
that at Ulm. 

116, Ricmaeo BEAUCVAMFyldshop of Salisbury, in England. — Built the great haft, parlour, 
andehember oftbe palace at SalUbui^ ; appointed ueater tod aupervlaor oft^ works 
^ef St Oeei^a Chapdat Windaor Caitle (wtiare k^nm auceaeded by Sir Reqi- 
Bftat, #lio mm oomptroUar of the toyel worka ho Ktery VII.); and buUt e 
OlUMlIry 





LIST OF ARCHITECTS, 


AFTER CHRIST. 

117. John Kendalb of EngUnd. — Supervisor of the king's works throughout the realm. 
1 Edw. IV. 

116. John AsHPiBLOof England.— Master of the new works, 1473, at Bristol Cathedral . 
Prior John Marty n succeeded him. 

119. Donato La zzari, usually called Bramantz d'Urbino, from the town near his birth. 

place. — The octagonal church of Sta. Marla Incoronata at Lodi f two churches 
and a palace at Casale; church at Canobbio. At Milan, the church and sacristy 
of St. Satiro; chapel of the large lazaretto, and part of that building itself; tin 
monastery of San Ambrogio and its cloisters, and the cupola of the church of Sta. 
Maria della Grazie. Designed and commenced the building of St Peter's at 
Rome; many works in the Vatican, particularly the library and the Belvedere 
court, 8cc^ for Julius II. ; the circular Doric chapel in the convent of San Pietro 
Montorio ; the palaces of S. Giacomo Scossacavalli, afterwards Giraud and Tor- 
Ionia, del Duca de Sora, della Cancclleria (if not due to the brothers Giamberti 
Sangallo), delt* Nuovo dell' Imperiale ; the churches of SS. Euloy de' Orfani, 
Lorenzo, and Damaso ; cloisters of the monastery della Pace. &c., at Rcnne ; the 
Strada Julia in that city; ducal palace at Urbino; Palazzo Publico at Brescia; 
church of Sta. Maria del Monte, near Forli ; cathedrals at Citti di Gastello, 
Faenza, and Foligno ; fortress at Civjta Vecchia, and other engineering works at 
Milan ; marble exterior to the Santa Casa at Loreto; Villa Imperiale near Pesaro, 
chtirches of San Sepolcro and of Santa Maria della Campagna at Piacenza; 
^ church of the Madonna, outside Todi, in the f«>rm of a Greek cross, in imitation of 
his design for St Peter’s ; and many other works. 

120. Ventura Vitoni of Pistoja.— Church dell* Umiltu at Pistoja, after the design of 

Bramante, whose pupil he was. 

121. Martino Lombardo of Venice. — Scuola or confraternity di San Marco at Venice, and 

perhaps the church of S. Zaccaria in same city, but the Interior is considered 
earlier. Other palaces there are attributed to him. 

122. SmoNE Pollaiuolo, or II Cronaca, of Florence. — Facade and additions in the 

cortile to the Palazzo Strozzi. Iiegun by Majano ; convent of the Padra Serviti ; 
sacristy of Santo Spirito ; and the Council Hall, all at Flo^'ence ; church of San 
Francisco, at S. Miniato, near Florence. 

123. Novell© pa San Lugano of Naples. — Palace of Prince Robert Sanseverino, duke of 

Salerno, now a church ; and restored the church of San Domenico Maggiorc, 
both at Naples. 

124. Pietro Lombardo of Venice. — Tomb of Dante, the poet, and its chapel in the 

church of San Francisco; the two great columns in the piazza, at Ravenna ; clock 
tower to the church of San Marco ; Palazzo Lr<rcdano-Vendramin-Calergi ; church 
of Sta. Maria de' Miracoli ; works at the ducal palace ; besides many others at 
Venice ; a cloister in the monastery of Santa Giustina at Padua; the Cathedral at 
Cividal del Friuli. 

X6tli« Century. 

125. John Alcocb (bishop of Ely) of England. — Comptroller of the royal works, temp. 

Henry VII.; his chapel in Ely Cathedral ; supposed to have designed St Mary's, or 
the University Church, Cambridge; Collegiate Church of Saint Giles at Malvern. 

126. William Bolton, prior of St Bartholomew, Smithiicld, in London. — Master of the 

works at the chapel of King Henry VI I., at Westminster, and is supposed to haxc 
** designed it 

127. Gabriello d’Aonolo of Naples. — Church of S. Giuseppe; church of Santa Maria 

Egiziaca ; palace of Ferdinando Orsini, duke of Gravina, at Naples. 

128. Gian PaANcesco Mormanoo of Monnanno. — Church of San Serverino; Palazzo Filo- 

marini ; Palazzo Cantalupo ; the small church della Stella, at hit own expense ; all 
at Naples. 

129. John Cole of England. — Master mason of the spire at Louth churoh* Lincolnshire. 
ISO. John Hylmer and William Vertue of England. — Freemasons, erected the vaulting 

of the choir of St George's Chapel, Windsor. 

131. Giuliano Giamberti, call^ San Qallo, of Florence. —P^rt of the cloister of the 
monaMery of Santa Maddelena tne* Pazid at Florence ; cloister fbr the Fratri Ere* 
mitani di S. Agostino; the Poggio Imperiale; ftirtr^s near the Porto a Prato, 
and other works, at Florence ; a mi^pdflcent palace at Pogglo a Cgtiuio ^ 
renzo di Medici, with a hall 163 twtt by 6^ feet by 65 feet havhw a ceiling 
the widest then known ; repaired the cupola and roofkd the church della Madonna 
at Loreto ; restored the roof and decorations of the ceiling ofthe church df Santa 
Maria Majtgiore; restored the church dGell* Anima; Puitsiio EpedtOt 
Pietro in Vincold, and other works at Rome; church of MadohiHidclld Cdrceri 
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Prato; Palatso Rovere at Savona; an unfinished palace at Milan; fortress and 
Doric gate of San Marco at Lucca; works at Pisa ; fortifications at Ostia. 

133. Maetim Chambiches or Chambioes of Canibrai, in France. — Employed to construct 
the poitail of the cathedral at Trtryes. Directed with Jean Vast the* erection of 
the transepts to the cathedral at Beauvais, and was suci'eeded by M. La lye. 

133* PiKREE Gadter of Paris. --Probahly designed for Francis I. the Cl fiteau de Boulogne 
or Madrid, near Paris, now destroyed. 

154. Domenico Boccadoro, called Dominique de Cortone. — Remodelled the Hotel de 
Ville at Paris to an Italian de ign. 

135. Tut Lio Lombardo of Venice. --Assisted his father Pietro in the Cappella Maggiore 

in the Cathedral ut Treviso. At Venice, the palazzo Corner- Spinclli ; the church 
of Sta. Maria de* Miracoli, and several oilier buildings and fine tombs. Cathedral 
at Belluno. The transept, if not tlie whole of the church of the Madonna della 
Grasie at Treviso, completed with the help of his kinsmen Giul o and Sante. 

136. Lbokardo da Vinci, near Florence. — Aqueduct of the Adda and othir engineering 

works at Milan; various machines, plans, and works on architecture. 

137. Fra Giovanni Giocondo of Verona, railed Joconde in France. — *^Diviscur des 

batimena*’ ; bridge of Noire Dame at Paris; fortifications at Tresi*o; built the 
Fondaco de* Tede&chi, clcansii.g of the Lagunes, and made a design for the Ponte 
Rialto, all at Venice. After the death of Bramante, he was engaged with Raf* 
faele and G. da San Gallo in erecting St. Peter*8 at Rome. Several works al 
Verona are attributed to him. 

138. Hans Hoi.bein of Basle. — Gateyvay at Whitehall; ceiling of Chapel Royal at St. 

James's Palace; Wilton Hous , Wiltshire. Died 1543. 

139. Kombal'T Keloermans, of Malines. — Staircase to Hotel de Ville at Oudenaarden ; 

works to the lower portion of Hotel de Ville at Gand ; house for Grand Conseil 
at Malines ; and chapel of the palace of the dukes of Brabant at Bruxelles. 

140. Ludovico BfcHKTTA of Brescia (?). — Fa 9 ade of the church of Santa Maria dei Mira- 

coli at Brescia, in a florid cinquecetito arabesque style. 

141. RArrABtLO Sanzio of Urbino. — Continued the church of St. Peter at Rome, after 

the death of Bramante, his master in architecture ; engaged at the Palazzo Far- 
neee, and stabling near then to; repaired and altered the church of Santa Maria in 
Navicilla ; Palazzo Caffarelli, now Stoppani ; (he gardens of the Vatican ; the 
fa 9 ade of the church of San Lorenzo, and of the Palazzo Uggociioni, now Pan- 
dolfini, all at Florence. 

142. John or Padua in Italy. — ** Deviser of buildings ** to Kings Henry VIIL and 

Edward VI. o^ England. No work is known to I e by him ; and Somerset House, 
assigned to him, is also attributed to J. Thorpe (175), and J. Sbute (200^ 

143. Hpctor Ashedey of England. — Master mason ana supervisor hk the erection of 

Ilunsdon House, Hertfordshire. 

144. Roger Amice of England. — Surveyor to King Edward VI, ; Almea Knight’s 

lodgings at Windsor Castle. 

145. Andrea Contucci of Monte Sansavino, in Italy. — The cappella del Sagramento in 

the church of Santo Spirito at Florence ; paJazzo della Canonica. and fortifications 
at Loreto ; church della Nunziata at Arezzo; chapel for the monks o'' St. Agostini), 
and his own house at Sansavino ; buildings at Venice ; and a palace at Evora, with 
some other buildings in Portugal. 

146. Bartolommco Buono of Bergamo, in Italy. — Three chapels in the church ff S. 

Uocco ; bell chamber, attic and spire to the Campanile of San Marco; andsiwric- 
tended the works at the Proourazie Vecchie, all at Venice, 

147. Guouelmo ox Bergamo, called II Bergamasoo, of Italy, — Cappella Emtliaiia, near 

the Camaldolese in the island of Murano; palaizo di Calmerlen^hl, near the 
ponte Rialto at Venice ; palace at Portanuaro, at Friuli ; porta dt Santo Tom 
maso at Treviso ; porta del Portello at Padua. 

148. Giovanni dx Ololsaqo of Biscay, in Spain — Cathedral of Hnesca, in Anagon. 

149. PEoao OB Gumibl of Alcala, in Spain. — Monastery of Sta. Enmyta at Saragossa | 

college of S. lldefonso at Alcala de Henares; snd church of oS. Jiisto y Putor. 
15a JuAH Campbro of Spain. — Church end convent pf Sw, Francis at Tomlaguna, in 
Spain ; commenced the cathedral at SarhimancaK ntkdp^ pil de Hontanon ; and 
the aqueduct. Removed a cloister at Segpup tct the ime of the new ratb^rali 
and heightened the tower of the momejMnrjrfujOf St. Marta del Pan4|> in that 
city, ).// ^ , 

15L Antonio Qumnm (oa San Gax,lo) pf H^tVftnof^Ptur^cs of the Madonna at 
Monieliaaoone; the Cettonied. with a double loggia) fertifieations at Civita Ve^ 
oliia^ CIvHfi Ca^latm, |lonte(Uaeon^Perugia» end many other atroxtg pieces tn 
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Italy. Altered the tomb of Hadrian St Rome to its present form as the castle of 
S. Angelo, and its fortifications* 

152. AjfTONio PiccoNi (da Saw GALiiO)of Mugello, near Florence.— Completed the church 

of Sta, Maria di Loreto, near Trajan's column at Rome ; the cupola Is by O. del 
Huca. Palazzetto of the Counts of Parma, near the gate of Venice, and other palaces 
in Rome and repaired some rooms in the Vatican. Palazso at Gradoli, and restored 
the fortress of Capo di Monte near thereto. Made a design for the fortress at 
Caprarola* Palaces for Bart» Ferratinoi, and Cardinal di Santa Prassedia; 
ihurch fur Cardinal Alborense ; continued the erection of Sf. Peter's on a new plan, 
afier the death of hia uncle Giuliano da San Gallo; church of the Florentines 
and of Santa Maria di Monferrato, all at Rome. Fortifications at Civita Veccitia, 
Parma, Ancona, Piacenza, Perugia, end Florence. Church of the Madonoa at 
Loreto, nearly rebuilt. At Castro he built the fortress, Palazzo rOsteria, and the 
Mint. At Rome, triumphal arch of wood at the palace of S. Marco for the entry 
of Charles V. $ the bastions to the walls and the gate of Santo Spirito; the Cap- 
ella Paolina ; the staircase at the Sistine Chapel, and the Palazzo Farnese near 
the Campo di Fiore, are among hfs numerous works. 

153. Baldassaei Pzanzzi of Volterra. — Plan and model of the cathedral at (^arpi; de- 

sifsns for the facade of San Petronio, and for the gate of San Michele in Bosco at 
Bologna; fortifications at Siena. At Rome, the little palace for Agostino Chigi, 
now called the Farnesina. in the Lnngara ; palazzo Massimi, near the church of 
San Pantaleo ; villa di Papa Giulio III. ; cortile of the palazzo d'Altemps. 
casino at the palazzo Chigi ; tomb of Pope Hadrian IV. in the church dell’ 
Anima ; palazzo Spioosa, now the hospital degli Eretici oonvertiti ; and assisted in 
the erection of St. Peter’s. 

154. Marco di Pino of Siena. — Modernised the church della Trinitd di Palazzo, and built 

the church and convent of Gesb Vecchio at Naples. 

155. Pietro Berretini, or Pietro da CoRTOiMi^w^Porl.co of the church of Sta. Maria 

della Pace at Rome ; made a design tif flit facade of the Louvre ; palazzo Sac- 
chetti at Ostia; several chapels; the fhyade of the church of Sta. Maria in 
Via Lata, and the church of SS. Maria Martina and Luca Evangelista, his 
masterpieces ; and the cupola and other parts of the church of San Ambrogio and 
Carlo in the Corso. 


, Andrea Briosco, or Riccio, of Padua. — Church of Sta. Giustina, and loggia and 
a council house in the Piazza degli Signori, at Padua. 

, (ftuvANNi Meruano of No'ajn Italy. — At Naples, Strada di Toledo; churriiea of S. 
Giorgio de* Genovesi and of S. Giacomo degli SpagniioH ; palazzo of the Principe 
di Swevero, and palazro of the Duca della Torre ; the Castel Capuano, altered to a 
*^cour^^|iw ; a fountain at the extremity of the Mole ; and triumphal arches at 
Napflrw the entrance of Charles V. 

FaRniNANOo Manlio of Naples. — Third cortile to the palaazo Reale; church and 
hospital delia Nunsiata Strada di Porta Nolana, and di Capua, with other streets 

A and palaceaat Naples ; a bridge at Capua. 

^AM Gii. DE Hontanon of Rasines, in Spain . — ** Maestro principal ” at the cathedral 
Salamanca, erected from the deigns of A. Rodrigues and A. de Egas. 

Ronap Gii. i>b HowTAiioif of Spaia — Continued the cathedrals of Salamanca and 
<K Segovia; works Seville; church at Valladolid; rebuilt the dome of the 
wKfcdrsfljf Seville ; dnS commenced the oathedial ft Segovu. 

BaccM Tlotwee , — Several triumpbal wc^m for the visit of Leo 

I rles V., at Florence. Campfmbaor San Miniito in MotOf was 
at of ^ntp Spirilo oommencod, by him ; designed the eptablature 
id boitom of the cupola of Sta. Maria dd Fiores the mat altar 
ch wi|f bulU by hb son Givuano; patasso for GiamnuTBanolini 
Ila Santo Trinitd, and the palace^ alt at Florence. 

FAtcoirkTio of Verooa.--iLoggia of two storeys at the mUsso 
,inusio haUi commenced the church of Sta. Maria drib Gteide ; 
the peleiao del Cepttmiio; gates of ^ Gioveoni, and of Savon- 
im ; palaaso Savorgnano at Usqpo in Friuli. 

Spain. — Bridge of Almaifa, over the Tagii% having brh 
gmpd, the other 1 19 foet 

IwAs ns Lsiva of Spain. — Worked fosi op waa e on s u Hed upyn 
Toledo, SalanumeetPlascncta, Segovia, and Seville. Arohlfpieeopal 
de Henaroa Wkh lam de Vega rebuilt and enletwvd the nalam 
With Vi^ang^dnsig^t^ 
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Ilieronymite church and monastery of S. Miguel de loa Re}ea at Valcnoia» aRd 
commencea the cloister of it ; and other works. 

6*5. Diaoo SiLox of Toledo. — Cathedral and Alcazar at Granada ; church a&d convent ol 
S. Jerome in the same city. 

S6. Gieolamo GfKQA of Urbino. — Repaired the ducal palace at Urhlno { built another 
on the Monte Imperialoy near Pesaro ; church of San Giovanni Battista at Fesaroi 
facade of the catliedral, and restored the bisliop’s palace at Mantua ; convent de* 
Zoocolanti at Monte Baroccio ; and the church of St. Maria delle Grazle, and the 
episcopal palace, at Sinigaglia. His son Bartolomeo assisted bias* aud olio prac- 
tised at Petaro, Urbino. and other places. 

1^7. Michzle Sah MtCHEit of Verona. —Cathedral at Monteflascone ; church of S. Do- 
menico at Orvieto ; fortresses in the Venetian territory, in Corfu, Lombardy, and 
the ecclesiastical states, as at Legnani, Orzi Nuovo, and CasteUo; palazto di 
Cknossa, dell*Gran Guardta on the Bra; Pellegrini de* Verzi ; the prefeoturate and 
facade of the palazzo Bevilacqua ; chapel Guareschi in the church of S. Bernardino; 
design for the campanile of the Duomo ; churches bt Santa Maria in OrganO de* 
Monaci, di Monte Oliveto, di S. Giorgio, and della Madonna della Carapaf^ ; 
gates Nnox'a, del Pallio, di S. Zenone. del palazzo Pretoi io, and del palazzo Pre- 
fettizlo, all at Verona ; as well as fortifications of the same city, where triangular 
bastions w^re first introduced, that of della Madelicna being erected in 1527. 

'.68. puiLiSEE* BE L'Orme of France — Commenced the Tuilcries; built the ch&teaux of 
St. Maur, Anet, Meudon, and many othersb Wrote on architectute. 

169. Galeazzo Albssx of Perugia in Italy. — Directed the works at the monastery of 

S. Pietro; entrance gateway of the fortress and tl»e governor's ref ideooe ; chapel 
del Sacramento in the cathedral, and the front of the church of' Sta. Maria del 
Popolo, and several palazzi, all at Perugia. Works at the arsenal and the haven 
and mole at Genoa, where he executed the public granaries ; loggia dei Banchi with 
a large hall; Palazzo Heale; cupola, cho'r, and other works of the duomo of 
S. Lorenzo ; the church of Sta. Maria di Carignano ; the Stradi nuova and 
niiovissima, with most of the palazzi in them, and other^ palaces iR 4he Borgo di 
S. Pier d’ Arena. At Bologna, at Milan, and other cities, be designed many 
palaces and churches ; later he made a design for the church del Oesb at Rome, 
and for the Escurial in Spain. 

170. Sante Lombaedo of Venice. — Assisted father GiuUo in the Scuola di S Rocca ; 

palaszi Trevisani and Gradenigo; the church of S. Georgio de* Greci with Chiona} 
all at Venice. 

171. Michel Aokolo Buoitaeroti Simone of Florence. — Chapel and cupola of the new 

sacristy to the church of San Lorenzo ; part of the fo^e of tbe church ; library 
of the Medici, geocrally called the lAuirentian Library ; all at Piorence, Church 
of San Giovanni, which he did nut finisli; Fortifications at Florence, and at Monte 
San Miniato. Monument of Julius II. in the church of San Pietro in VincoU ; 
the Campidoglio, with the palazzo de* Consen'atoij, tlic buiikiing in the centre, and 
the flight of steps; the celebrated*cornice and other portions to tlie palazzo Farnese ; 
and seveial gRtes, particularly tbe Porta del Popolo and tbe Porta Pia, a\\ at Home. 
Piaos* for many other palaces, ehurebva, and chapeli. He was cmpl^red on St 
Peter's, after tbe death of Ant Picconi da San Qallo, tnaking many alterations in 
tbe design, and giving the model for tbe great dome, which wnt^lbllowed out, 
eEcq>t aa to the lantfttL 

I7R Giacomo Barozzj, of V|groIa in Italy. — Various building at Bolnpia ; Farnese 
ludace; church of S. Agootiiio; palazzo di S. Giorgio dCi Seotti, all at Ptl>eeiiza» 
Received ftie charge of tbe^Acqua Veigine at Borne, and the works ilt the Vigna 
of Pope Julius IIL (pt bis villa)* and other bt^Idingf for bi» bis family. 
Constructed tbe eidebrated palace at Caprsrola, near Vt^rbo, ^ Cardinal 
Aletsaodio Farnese. Bocume erehiteet to S. Feter*a after the iCatb of ipuCiMitoti, 
when be desigoed the Istml cupolas ; sod msny other works io^^hil eity«jbclu« 
ditigliieehttrebdelGeshttptotheeoroiee. Tbe Wfteklpib oTSt^klim dq^ 
Ai^eB St Assisi Coosttlled on the designs for tbe EseHw >0 aMnNide 

one wbicb ww highly approved. 

173. GfOLfo Pimof Beniet called OiDUO Romavo — v^t|u Jpadanm 

Son l^atio f elmvch della Madonna del Orto ; PolOtw fMevd ilia Strada di 
BOoehl; Pabstti Cend oulla Piazsa 8 Euotaebio, and oltoBtiMiigaJa UonM. 
XbefidebiaiedFalaEiodtd T^al Mantua; palace at Matfnirnelo near that eRjr; 
nictfeinaMtlieltaa^ naloeea, tbe DuounA ba&diilM 

and ^ 

^Imkasl or Ma8siii^.|. or 
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the ‘building of Christchurch College, Oxford ; and chief cleik of accounts for al 
the buildings of Henry VIII. within twenty miles of London. 

John Thospe of England. — A long libt of his supposed works will be found in Booi 
I., England. 

Heneicx of Flanders. — Foreman at the first Royal Exchange, London, erected fo 
Sir T. Gresham, who bargained for the whole mould and substance of his work 
manship in Flanders.** 

> t)AMiAN FoaMEKT or MoRf.ANEs, of V^alencia, in Spain. — Facade of the church o 
Sta Engrayia, at Saragossa. 

. Martin db Gainza of Navarre, in Spain. — Carried out works at the Cathedral a 
Seville, and made the design for the capilla real attached to it, and finished by F. Ruiz 

Alonso Be rruguete, of Paredes de Nava, in Spain. — Has given his name to tha 
phase of the Renaissance style, which was the fashion of the sixteenth century ii 
Spain, also called the Platercsque btyle ; but it is unknown what works be designei 
other than shrines, altar-pieces, and tomba. 

Juan Sanchez of Spain.— Maestro mayor** of the works of the city of Seville, is sup 
posed to have designed the Casa del Ayuntamiento in it. 

Pedro ni Valdbvira of Spain. — Chapel of S. Salvador, at Ubeda ; palace in the 
same place ; hospital and chapel of S. Jago at Baeza. 

Pedro Ezgusrra of OJebar, in Spain.— Works at the cathedral at Plasencia; churcii 
of S. Mateo at Caceres; that at Robledillo; and commenced that at Malpartida. 

. Ferdinando Ruiz of Cordova, in Spain. — Continued the capilla real, and heightened 
the Torre della Giralda of the cathedral, at Seville. 

. Pedro Machuca of Spain. — Uoyal Palace of the Alhambra at Granada. Succeeded 
by his son Luis. 

, Antonio Fiorentino of Dello Cava near Florence. — Church of Santa Catterina a 


Formcllo at Naples. 

186. Jacopo Tatti, called Sansovino, of Florence. — Commenced the cliuich of 8. Mar- 

cello, and built that of S. Giovanni de* Fiorentini ; Loggia on the Via Flaminia, 
close to the Porto del Popolo ; Palazzo Gaddi, now del Nicolini, at Rome, 
Church of San Francesco della Vigna, finished by Palladio ; continued the Scuola 
begun by M. Lombardo; the Zecca or mint ; Palazzo Comari on the Grand 
Canal; and other public buildings ; besides repairing many domes of the churches r.f 
San Fantino, of San Martino, of the Incurables, and of San Geminiano; all at Venice. 

187. Theodore Haveus or Heave, of Cleves.— Caius Court of Caius College, Cambridge, 

with its gateways. 

188. Dominoo Teotocopuli of Greece. — College of the Donna Maria d*Arnign]ia at 

Madrid ; church and convent of Dominican nuns ; also of the Ayuntamiento at 
Toledo i church and convent of the Bernardine nuns at Silos. 

189. JEi. Padre BartolomA Bustamxntb of Spain. — Gave the plans for the Jesuits* 

college at Gadiz, Caravaca, Segura, Trigueros, and Murcia; and hospital of San 
Juan Bautista, near Toledo. 


190. Juan Bautista de Toledo in Spain. — Designed the Esourial completed by Juan de 

Herrera ; assisted in planning the Strsda di Toledo at Naples ; church of San 
Giacomo degli Spagnuoli in the same city ; and palace at Posilippo. 

191. Juan db Hbreera, cf Mobellsn, m Spain. — Continued the Escuriid after the death 

of his master, Juan Bautista; bridge of Sego\ia at Madrid; palace at Araiduez ; 
south f.i^e of the palace at Toledo ; cathedral at Valladolid ; exchange at Se- 
ville, He was consulted on de«gns for many works in Spain arid PortugaL 
1 93. Pierre Lescot of I'aris. — Fontaine des Innocents in the Rue St, Denis, at Parisi 
carved by Jean Gougeon. His design for tlie court of the old Louvre was prelbrred 
by S. S^lio to Due of hu own. He exd|hted tbe part showing a Corinthian 
order with a C^m^mte one over it 

1 93. Sebastiano Sbhuo or Bologna.— Employed by Francis T. of France at Fontoine- 
hleau and at the Louvre. Was the first to publish the Ancient Edifices of Italy 
and wrote a treatise on architecture 


194. Jean Camuche of Paris.— The sslle do Centaure, and the lower storry of tlie petite 
galerie at tbe Louvre. Master of the Masons at the hdtel de ville at Paris. 

J95. Bartolommeo Ammanato, of Florence, in Italy.— PsloBzi RuecUsi and Maltoi at 
Rome ; ponte deUa I'rioiti; eantmaed the Puasso Pitii; chjmh of San Giovanni* 
at bis own eEpense; all at Florences and mai|jr works at PSsa, Liioa% *Bd ot her 
ctiSes. 

I9d. Nicolo A^te or Nicoloda Modena.— O ld didtean of Mendon ; tomhof Ftaoeia l.« 
at S. Denis, both usually attrihnled to de VOrmo ; and decorated the bPifftawnte of 
the palaet of Foniainebkaa. 
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197. Akbria Palladio* of Vicetica» in Italy. — Arcades to the Sala della Ragione; erected 

the Olympic Theatre after the ancient ty|>e, and many other edifices; with the 
Palaszi Tiene, Chiericati» and Valmarana, all at Vicenza ; Villa Capri ntv^r that 
city, and numerous ether buildings in neighbouring toirns. The church 11 lie- 
dentore and other works at Venice. Published a treatise on architecture, and a 
book on the ancient ruins. 

198. BaaNARDo Txuantc Buontaiknti of Florence. — Villa of Marignolla, now Capponi ; 

the casino behind San Marco; the corridor half a mile lung extending to the 
palazzo Pitti ; palazzo for the Acciajuoli, now the Corsini ; a facade to the Stroui 
palace, and to the palazzo Ricardi ; the fa 9 ade of the churcli della Santissima 
Trinitii, all at Florence ; the loggia de* Banchi. ducal palace, and fA^ade of the 
church of San Spirito at Pisa ; the palazzo at Siena ; and works in other parts 
of Italy. 

(99. Domekico Fontana, of Como, in Italy. — Raised, transported, and fixed, the four 
great obelisks in Rome, with many improvements there ; the Doric arcade and 
loggia to the front of the church of S. Giovanni Laterano; a palazzo on one side of 
it for the use of the Popes; enlarged the papal palace; built the palazzo Mattel, 
now Albani; the library at the Vatican and other works there ; and restored tlie 
columns of Antonine and Trajan. The Royal palace and other works at Naples. 

200. John Shute of England. — A painter and architect, temp. Queen Elizabeth. Wrote 

the first work on architecture in England. 

201. Henrt Hawthorne, of England. — Surveyor of the works to Queen £lizal>eth ; de* 

signed the gallery now part of the library at Windsor Castle, “ a fine specimen of 
Anglo- Italian architecture.** 

►02, Sir Thomas Tresham of England.— Livetlen House, Northamptonshire ; Rushton 
Lodge and the triangular lodge, in the same county. Also given to J . Thorpe (175). 
i^OS. Robert and H. Smithson of England. — WolUlon, Nottinghamshire. 

204. Louis de Foix of France. — New mouth to the river Adour; Tour de Cordouan, the 

lighthouse at the moutli of the Gironde, near Bordeaux. 

205. Jean Baptiste ANnaouBt nu Ceeceao of Orleans, in France.— Pont Neuf at 

Paris; h6tels de Sully, de Mayenne,and des Fermes or hotel Sequier Made more 
drawings for monastic buildings, churches, dec., than any architect in Frwice during 
half a century. Rebuilt church of Notre Dame at Clery ; and S. Etienne du 
Mont at Pans. ^ • 

206. Jacques Androuet du Cerceau of France. — Finished the works at the Louvre 

next the river for King Henry I V. There were four architects of the name of du 
CkrcMu^ and their works are not wvll separated. Wrote on architecture. 

207. ViNCENSO ScAMozzi of Viccnza.— “AddUicms to the library of S. Mark at Venice; 

finished the Olympic theatre by Palladio at Vicenza ; theatre at SabionetU ; and 
other buildings. Wrote on architecture. 

208. Jacques de Brosse of Paris. — Palais du Luxemburg at Paris and other works, 

chfiteau de Monceaux, near Menux ; chateau of Colomier, near Paris ; fayade^ of 
the church of SS. Geroni* and Protais; and the great hall of the Palais de Justice, 
both at Paris. ^ . 

209. Carlo Maderno, of Bissone, Largo di Como. — Altered Michael Angelo*s design 

for 8. PeteP*a at Rome, from a Greek to a Latin cross; began the palace of 
Urban Vlll., and many churches and palaces. 


OeatwT* 

210. JoHH Warreii of England — Tower of St. Mary*s Church, Cambridge, designed by 

John Alcoce. 

211. Imoo Jones of London.— Banqueting House, Whitehall, being part of his design ft»r 

a noble Palace; Chapel, Lincoln’s Inn; Surgeons* Hall ; arcade to Covent Garden 
and the Church ; the grand portico to old S. PauTs Cathedral; and many other 
important works. 

212 Gumiattista ALBom of Ferrara. —Fortreta at Feriura; many theatres and oth-r 
publie buildioga at Manteu, Mcdena, and Venice ; and the great tbeatm st 
PSnna. 

2 a. Praaat lx Mon of Franen.— Grand bdudde Luyitea; hdtel ladgleand Beauvilliera ; 
finished the Church Of the Val de Griee $ aH at Piria. . « . 

Thibaot Mxtbeau of Dreus»lo France.— Commenced the FOrteS. Antoine at Paris ; 
and the salle des Aniiquca at the l^ouvre. Louis Metesau, the son, is supposed 
to have dircetcdtbe eanftmeikm of the first half of the great gallery of the Louvre, 
aa fite na Ibe^rd wkitet. 

215. FajlMfkseo BoaaoHixi of Blaiino, in Italy.— Worked at the 'PAiakto Barbcrtnii 
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church and monastery of S. Carlo alle quattro Fontane ; oomjileted the oollegio 
della Sapiensa, with its church ; additions to the oratorio di S. Felipe Novi in 
Vallicellfl, and to the churcii of Sta. Agnese in the piazza Navona; several other 
churches and chapels ; reht tred the interior of the baptistr|r^ of Constantine ; and 
many othef works; all at Rome. 

216. ALEssANoao Aloaht)! of Bologna, in' Italy. — Villa Pamfili, called Belrespiro ; 

fa 9 ade of Church of S. Ignazics at Rome. 

217. Giovanni Lorenzo Bernini of Naples. — The piazza, colonnade, and staircase, and 

other works at S. Piter’s, with its Baldachir.o; grand fountain in the Piazza Na- 
vona, and others; the great pulazzo di Monte Citorio; several large chapels; all at 
Rome. Cathedral at Terni ; porta Nuuva at Ravenna ; villa Rospigliosi at Pis- 
toja. Visited France and made a design for the completion of the Loip||re. The 
front, if not all the o\al church of S. Andrea al Noviziato dei PP. Gesuiti on the 
Quirinal, considered by Bernini himself as his masterpiece. 

218. Bernard Jansen of England. — Built Audley End, Essex; the greater part of 

Nortimmpton, afterwards Northumberland, House, London ; also Charlton House, 
Wiltshire, and Lulworth Castle, Dorsetshire; all for 'J'hom.is Howard, earl of 
Suffolk. 

219. Augustin Bernardino of Spain. — Collegiate Churcli of San Nicolas at Alicante in 

Spain: he was succeeded by Martin db Meta; it is considered a fine work in 
design and detail. 

220. PiRRo or PvRRHo LiooRioof Naples. — Additional buildings at the Vatican ; the casino 

in the wood of the Belvedere, now villa Pia ; palazzo Lanceoletti, at Rome. 
Additions to the villa d’Este at Tivoli; published AntichiUl di Romu. 

221. Giovanni da Ponte of Venice. — Restored the public edifices of the Rialto, &c. ; 

rebuilt the college at the ducal palace ; great Council Hall ; storehouse of the 
arvcnal ; bridge of the Rialto ; the prisons adjoining the Doge’s pa’ace, and the 
Bridge of Sighs; nil at Venice. 

222. FKAN 901 S Mansart of Paris. — Portail of the Church of the Feuillans, rue St. 

llonor 6 , now destroyed, at Paris. West front in the entrance court of the Chateau 
at Blois; church and nunnery of the Val-do-Giace. continued from nine feet by 
Le Mercier ; chateau des Maisons sur Seine for the President Ren^ de Longuei); 
gallery for antiquities, and stabling for Cardinal de Mazarin; many chateaux, in- 
cluding that of Dw* Fresne, near Meaux ; the portail of the church of tlie Minims 
in the PlAce lioyal at Paris ; with many other works. 

228. Ci.AUDE Perraui.t of Paris. — Fa 9 ade of the Louvre; the Observator> ; triumphal 
arch now I lMilip yed ; chapel of Notre Dame in the church of the Petits P^res, all 
at Paris at Sceaux. Translated Vitruvius. 

221. FRAN 901 S Blondel of Rihemont, in Frauoe.-f<:|’art of bridge over the Charente at 

Saintes ; Gate of St. Denis at Pari^; repaired and decorated the gate of St. 
Antoine, and rebuilt that of St. Bernard. Published a Cours d’ Architecture, 

225. Antoine lb Pautre of France. — Wings of iho chateau at St. Cloud. Church of the 

nunnery of Port Royal ; and H 6 tel 8 de Gevres and de Beauvais, all at Paris. Pub- 
lished his designs and fine plates for decorations. 

226. Jacques lb Mbrciee of Pointoise, in France. — Pulled down the Keep of the old 

louvre and enlarged the court, with other works. The centre of the |>resent 
west fh^ade of the Tuilertos. The palace, and the Sorbonne, for Cardinal Riche- 
lieu, and hU chateau in Poitou ; complett^ the church of the P^res de TOratoire, 
rue S. Honor 6 , begun by C. Meteiau ; continued the church of the abbaye de 
Val of Grace, ^gan by F. Mansart ; church of S. Roch, completed by ^ de 
Cotte ; all at Paris ; many other works tliere and elsewhere. 

227. Thomas Holt of York, in England.— -Bodleian Library; Wadliam College; the 

large quadrangle of the Public Schools; garden quadrangle of Merton 
and other wor^ ; all at Oxford. 

228. — Marsh, or March, of Lincolnshire, in EnglanA — Additional buHdiogt at Bdls* 

over eastfe, in Nottinghamshire, sometimee attributed to J. Simthson ; and both 
names are given to Nottingham Castle. 

222. Sir CuRisrorHxa Wajav. of Knoyle, in Enriand. —After the fire of London 

1666, he presented e plan for rchuUding the utj. The Cathedral of 8L Paul 
began and completed by him 1675-nia The ^nreliea of St. Audt^, ifolhoni ; 
St. Bride, Fleeustrcet; Christ Church, Newgate-etreet; St* BunatanV in the £ait; 
St. Jamea, Westminster; St Lawrence^ Jewry ; St Bfary Aldermary, Bow-lene; 
St Mieliael, ComhlB ; and St Stephen, Walbr^ ; all masterly vorka, anumg m 
large numbw of other churchce. CSollei^ of Phyei^iiB, Warwick<-laiMi | 'L e e tMte 
H^tieal Oxford; Chelsea CoUige; Bfaiihorough Houas; part of itanqpte*. 
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Court Psiaco ; the colonnades and other portions of Greenwich Hospital ; library tf 
'J>inity College, Cambridge ; the Monument of London ; repairs at Westminstei 
Abbey ; and many other buildings. 

0. Robert Hooek of England. — Old Bethleliera Hospital in Moorliclds ; Aske*s Alms- 
houses at Hoxton ; Duke of Montague’s house in Bloomsbury, but being burnt 
was rebuilt by P. Puget. He ^ave a plan fur rebuilding the City of Loudon after 
the Fire of 1666, and was appointed one of the surveyors fur laying out the laud. 

H. Henry Aldrich of Westminster, in England. — Three sides of the quadrangle of 
Christ’s Church, called Peck water-square ; chapel of Trinity College ; and Church 
of All Saints, all at Oxford. Published Elementa Architectura Civilis. 

12. Jules Hardouin Mansart of Marly, in France. — Dome of the Hotel des Invalides; 
Galerie du Palais Royal ; the Place Louis le Grand, and that des Victoires ; 
Royal Chateau dc Clagny; additions to the Royal ChMeau at Versailles; chateau 
de Marly ; staircase and other works at S. Cloud ; Maison Iloyale de S. Cyr ; 
new chateau at Meudon ; decoration of the choir of Notre Dame at Paris ; altera- 
tions at Chambord ; and many other works. 

12A.CAaLo Fontana of Bruciato, near Como. — Completed with Bernini the cliurchci 
built by C. Rainaldi in the Piazza del Pupolo at Rome; several chapels; aque- 
duct and supply of water to the Vatican, &c., with some of the fountains ; Palazii 
Grimani and Bigaezini, now Torlonia; all at Rome. Completion of the cathcdrnl 
at Bergamo ; designs for college and church of the Jesuits near Azpeitia in Spain. 
Baptistry chapel at S. Peter’s at Rome ; entrance, campanile, and cortile to the 
palazEo della Camera Apostolica; and many other works, in which be was assisted 
by his son, two nephews, and several pupils. He published several works. 

33. Juan Bautista Monecho of Spain. — Archiepiscopal palace at Alcala, finislied by J. 

Gomel de Mora. 

34. Clement Metezau of Dreux, in France. — Made des'gns for the Luxembourg; 

commenced the church of the Peres de I’Oratoire ; h6iel de Chevreuse ; the famous 
d)keat La Rochelle; Chdteau Neuf at S, Germain en Laye, and some others. 
South transept of church at Dreux. 

35. John Abel of England. — Market bouses of Brecon, Hereford, Weobley with its 

schoolhouse, Kin^on, and Leominster; the timber work of the church at Abbey- 
dore, Herefordshire; appointed ’’carpenter” to King Charles 1. 

(36, Kicodemus Valenti nsom Tessin of Stial',und — Crown architect of Sweden. Palace 
at Drottningshulm, coinpUted by his son ; the Royal villa of Stromsholm ; and 
the mausoleum of Charles Gustav us. 

IStli. Centnry’. 

137. NiconiMUs Tessin (Count) of Nykoping. — Royal palace at Stockholm after the fire 
of 1697 : laid out the grounds at Drottnlngsholro and at Ulriksdal ; cathedral at 
Calmar; design fur rebuilding palace at Copenhagen, curtailed after his death, 
1728. 

HNlii Johann Bj^rnhaed Fischers of Prague, called von Erlach, and his son Joseph 
Emanuel Fischers, baron von EriacK — Designed the hunting-seat at Schdn- 
brunn, and additions at the palace ; winter palace now the mint ; and palace in the 
S. Ulrich Vorstadt, at Vienna, llie palace in the old town at Prague ; church of 
the Virgin at Salzbuiig ; church of S. Carolus Borromccus at Vienna ; and many 
other buildings. His son assisted him in most of them, besides the Hof Bibliothek 
at Vienna ; the Reichs Kanzlel In the Burg plats ; the Reit Scbule; and the front 
of the stables ftvr 400 horses. 

839. Fturro Itaea, or Ju vara, of Messina. — R<^al palace in the environs of Messina; 
church of the Carmelites in the Piaosa di Sen Carlo ; ebureb of the Virgin on 
the Monte di Superga ; church of the Virgine del Carmine ; and an interior stair- 
ease at the palace ; i3l at Turin. Design for the monastery and paltto at Mofra in 

• Portugal ; finished cupola of Sant’ Andrea at Mantua ; polosso Birago dl Borghe 
at Turin, and a number of oilier works. ^ 

940. Sta John VAHaauuH of Eogland.— Blenheim in OsfordsMre ; Cestle Howard, York- 
abire$ Eertlmry, Dorset; Kifig*s Weston, near Bristed ; Cloreodon Printing 
Office at Oofiwd; the Opm Hoitw of the time ; pert ef Greenwich Hospital, and 
afisw other buildinga. 

94L CoLm Campbbli. of Scotland. — The front greet gale end street well of Burlington 
House, PSeeedtIly; Rolli House, Clianorry'-leiie, London; Houghton Hall, Nor- 
Iblk, finislied by T. Eipky ; Goodwood, near Chiebeeter; and part of Greenwieh 
Koai^al I Woaetaad Houae^ £«es ; Bferewortb Costlcp near Maidstone. Com* 
nUer ef the VHrmpim MriUnmiems, 3 irole; 
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JIlX Robert de Cotte of Paris. — Continued Mansart's wuiks at the dome of the 
^ Jnvalides; tlie chapel at Versailles, and the house at Trianon . Decorations at Notre 
Dame; new huiidings at St. Denis; many hotels. Designs fot foreign princes. 
24X Nicholas Hawksmoke of East Drayton, in England. —Assisted his master, Sir C. 
Wren, in mary of his works. The churches of St. George, Bloomsbury; St 
Anne, Liinehouse; St George-in*the-E »st; St Mary Woolnoth ; and Christ 
Church, SpitalHelds ; part of Greenwich Hospital, &c. Assisted Sir J. Vanbrugh 
at Castle Howard, and at Blenheim. 

244. Jean Baptiste Alexandke le Bloni) of France. — L’Hotel de Clermont or de 

Sessac, at Paris. Employed in Russia by Peter the Great, on his residences at 
Peterhof and at Strehlna. P.irt of the archbishop's palace at Auch. Edited the 
second and improved edition of D'Aviler's ** Cours ;** and published works on 
architecture. 

245. Alessanu^io GALiLEr of Italy. — Fa 9 ade of the church of S Gio\anni de* Fiorentini. 

and of that of S. Giovanni Laterano, with the splendid capella Corsini therein ; at 
Rome. 

216. Jacques GABRisr. of Paris. — Buildings at Bordeaux, Rennes, Paris, Ac. Completed 
the Pont Royal at Paris, under F. Uomain; Episcopal palace at Blois; designs 
fur the new street fa^des at Rennes, and the places Louis XIV. and X V. ; bridge 
over the Loire at Blois, and many other bridges. I’he place at Nantes ; town 
hall, chapel, and Hall of States at Dijon; portails of the cathedral at La Rochelle, 
and at Orleans; and commenced the great sewer at Paris, finished i>y his son. 

247. John James of Greenwich, in England. — St. George’s Church, Hanover>square ; 
mansion for Sir Gregory Page, Bart., at Blueklieath ; employed at Greenwich 
Hospital, St. Paul’s Cathedral, and Westminster Abbey. 

243. Giacomo Leoni of Venice. — Dover House, Old Burlington-street; Bramham>park, 
near Leeds ; Moor-park, near Rickmnnsworth ; Lathom House, l^mcashire ; 
Lyme Hall, rear Manchester; Bold Hall, near Warrington ; and other country 
seats in England. Publisited a translation of Palladio's Architecture. 

249. Germain DE Boffkan’h of Nantes, in France. — Much employed in Paris and Ger- 

many ; rebuilt the Palais du Petit Bourbon; built three houses for himself, whicli 
he sold to noblemvn; restored the Arsenal, and the Grand Chambre of the Palais 
de Justice; restored vaulting of the transept, and other works at Notre Dame; 
many building> in the provinces, in Germany ; and in Lorraine, as the h6tel de 
Craon at Nancy, the chateau at Luneville, and the chateau called the Pa'ais de la 
Malgrange, near Nancy, one of his best woiks ; scveial bridges; the chapel and 
main buildings of the H6pital des Enfans Trouv6s; new buildings for the hospitals 
de Bicetre, of the Salpetriere, and at Cipion ; and the chateau de Bossette, near 
Melun. He publish^ a Livre d* Architecture, 

250. Michel n'lxNAHD of Nismes. — Reconstructed the premiere abbey of St. Blaise of the 

Benedictine order, in the Black Forest; H6tel Sek ingen at Freihourg, in Bresgau; 
Palace of Clemensburg at Trdves; H6tel de Miroir at Strasburg. 

251. James Gibbs of Aberdeen, in Scotland. — Bartholomew Hospital, Smithfield ; Rad- 

cUflTe Library at Oxford; St. Mary’s, or the New Church in the Strand; that of 
St. Mariin’s.in-tlie-Fields ; the Fellows* BuildingN Library, and Senate House 
of King’s College at Cambridge; Canons, Middlesex, for Duke of Chandos; 
circular colonnade at Burlington House, Piccadilly; and a number of other 
edifices. Published his “ Designs, Ac.** 

252. William Adam of Maryburgh, in Scotland. — Deugned upwards of thirty reudences; 

town house at Dundee ; three hospitals at Edinburgh; bbrary and university at 
Glaag:;w; church at Hamilton; Hoptone House; Castle Kenmure, and Fleurs 
Castle, all in Scotland. He was assisted by his son John, wbo completed Fort 
George, and designed Dumfries House, Douglas Ca<«t1e, Ac. Robert, James, and 
William were other sons, and architects of repute. Published VitruotuM SeoticuM. 

253. WiLU AM Kent of Rotlier bam, in England. — Additions at Kensington Palace; laid 

out Hyde-park ; royal residence at Kew ; modernised Rainham House, Norfedk ; 
several Imu^es in Ixmdon ; Library in the Green-park for Queen Caroline ; 
Devonshire House, Piccadilly; range of buildings in MacglWi^M^teet, Westminster, 
now the Law Courts ; and tlie Horse Guards, St. He published 

Inigo Jones’s designs. ’ 

254. Thomas ^flev qf EqgUnd. — Houghton Hall, NorfoUj ff^mSliifty . WhitehaU. 

253 CHAaLBs'LABiLTi of Vevsy, in Switxerland.— Westminster Bridge, London; pulled 

down 1861. 

256. pEaitiNANno Galli Bibiena of Bologna. — Celebrated for theatrical dcooraiions and 
painted architecture. Theatre of Fsmia. Published VArekiUctMTe &c.« 
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1711. Great hull ur tlieatre at Prague far Charlea VI. His threie stms, Giu«i*p))et 
Alessandro, and Antonio, practised as architects. 

857^ GiusErra Gali i Bibiena of Parma. — An amphitheatre at Prague for 8,CX)3 persons. 
Some large buildings in Silesia ; wotks at Dresden and Berlin. 

858. ALESsANnao Gali.i Bibiena of Parma. '-Great theatre, and the church of tlie^ 

Jesuits at Mannheim. 

859. Antonio Galli Bibiena of Parma. — Theatrical decorations ; various works in Italy, 

Vienna, and in Hungaiy. Published ** Varie Opere.** Theatres at Pistoja, Siena, 
I'reviso, Paviu, and Bologna. Enlarged tliat of La Pergola at Florence. 

260. Francesco Galli Bibiena of Italy, brother of Ferdinando. — Theatrical decorations; 

riding school, &c , at Mantua ; theatres at Vienna, Nancy, Verona, and Rome. 

261 Giambattista Sapchetti of Turin — Uo>al Palace, Madrid. 

262. John Wood of Bath.— Large improvements at Bath — the Crescent, Circus, Queen 

Square, Ac. ; Prior Paik fjr Mr. Allen; Buckland Paik for Sir John Throc'k- 
roorton ; Exchange at Bristol. 

263. Jean Nicholas Servandoni of France.— Facade of the church of St. Sulpice at 

Paris; stairi.R:,c of the H 6 tel du Cardinal Auvergne; round ehapel of M. de Live; 
Rotunda with twelve Corinthian columns, for Marshal de Richelieu ; parish church 
of Coulanges in Boutgogne ; and many other works, besides theatres and theatrical 
decorations, and designs for foreign princes. 

264. George Dance, sen., of London — Mansion House; the churches of St. Luke's, Old 

Street; St. Lconurd's, Shoreditch; and St. Botolpb, Aldgate ; all in London. 

265 Luigi Vanvitelli of Italy, — Palace at Caserta, near Naples. 

266 . Jacques FRAN 901 S BLONoFLof Rouen, in France — Opened the first private academy 

qf architecture; design for the Imperial Academy at Moscow; street and square 
opposite the cathedral at Uoucn ; other works botli there and at Strasbourg; im- 
provements at tlie city of Metz, including the round church ol the Royal Abbey of 
St. Louis, the Episcopal Palace, facade of the building occupied by the Parliament, 
the Hotel de Ville, Corps de Garde, Ac. Improvements of the city of Cambray ; 
and many country houses in France and Germany, and in Flanders. Published 
“ Architecture Fran^oise" and a “Cour^ d Anlutecture.** 

267. John Brettinouam of England. — Finished Hulkham Hall, Norfolk ; Norfolk 

House, St. James’s Square. 

268. Robert Furze Buettinghau of England. — Erected the gaols at Reading, Hert- 

ford, Poole, Downpatrick, and Northampton; Winchester House, St. James’s 
Square; No. 9, Berkeley Square ; Maidenhead Biidge; and made many alterations 
at noblemen’s mansions in the country. 

269. Ferdinando Fuov of Florence. — Completed the Fubbrica della Consulla on the 

Quirinal ; the gre^t addition to the wing of the Pontifical PalaO# fArslhe corner of 
the Via delle Quattro Fontane; church of Sta. Maria dell* Otsmne; completed 
the Palazzo Petroni and the Palazzo Corsini; all at Home. Church and nunnery of 
Sta. Caterina della Ruota at Aquila; restored the church of Sta, Maria Maggiore; 
enlarged the hospital of Sto. Spirito in Sassia ; and other works at Rome. The 
great hospital and the public cemetery, tiie Palazzo Giordani, and the very large 
Palazzo Caramanica; commenced the Granili, to contain a granary, artillery arsenal, 
and stor«>house ; and other works at Naples. 

270. M. Aug. Simonetii of Italy.— Mnseo Pio Clementino in the Vatican at Rome. 

271. Jacques Ange Gabkiel of France.^Continued Ins father’s works. The j^'ole Mili- 

taire and Champ de Mars ; and Garde Meuhie, all at Paris ; theatre at Vernillet \ 
cliAteauat Compiegne ; additions to that at Choisy; and north and west faqades to 
the court of the Louvre. 

278. Jean Rooolpue Perronet of France. — Director of the bridges and roads of France ; 
bridge of Neuilly, and many others. 

STS. Jacques GKauAiM Soufflot ot Irancy, near Atixerre, in France. — Hospital, Exchange, 
Concert* room, and Theatre, all at L 3 on 8 ; facade, nave, and towers df tlie ebureh of 
St. Genevieve, at Paris. 

874. Sir Willum Chambers of Ripoo, in England. — 'Visited China, and published 

works on Cfrilaese architecture and Oriental gardening. Pagoda and other build- 
ings at Kew j vilis at Boebarapton for Earl of Besborough ; Duddingston, near 
Edinbtiigh, IW Lord Abercom; and mansions for other noblemen Casino near 
Dublin for Ldrd Charlemont ; Somerset House, in the Strand, Ldbdon. Pub^ 
lished ^ The Decorative Fart of Civil Ardiitecture.” 

875. Robert Adam of Kirkaldie, in Scotland « — Screen at the Admiralty in London; 

Kedlcstone for Lord Searadale; Register Office at Edtnburgli; Infiruiiiry at Glas* 
gf>ir; tbe Edinburgh .University ; Luton Honte; Lansdowne Houses Berkeley 
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Square ; Adelphi Terrace, Portland Place, and other housea in London; Ken Wood 
House, Highgate ; entrence screen at Sion House, Middlesex. His brother James 
assisted in most of the later works. Published ** 'file Ruinsat Spalatro,” and ^ Works 
in Architecture.** 

SiK IloHEKT Tayloe of LoiidoH. — Parts of Bank of England now taken down ; villa 
at iiiohmond for Sir Cliarles Asgill : Duke of Grafton’s bouse, Piccadilly; 
mansion for Lord Howe in Hertfordshire ; Stone Buildings, Lincoln’s Inn; Ely 
House, Dover Street; Lord Grimstone’b at Gorhambury ; and many others, which 
are engiaved in his ‘‘ Designs.” 

f77. Jamfs Pains of London. — Mansion House at Doncaster; Wardour Castle; and 
Worksop Manor House. Designs published. 

27d Victor Louis of Paris — Designed a palace at Warsaw ; employed at Nancy and 
Lnneville; church at Besan^on, and at Dunkirk: theatre at Bordeaux for 
4,000 persons (published) ; Galleries at the Palais Royal, and the Th44tre dcs 
Vari^i^s, introducing framing in iron ; botli at Paris; the H6tel de la Prefecture, 
the Bamiue, and Maison Fonfr^de at Bordeaux. 

279 Jacques Dbnu Antoine of Paris. — H6tel des Monnaies; new buildings at the 
Palais de Justice ; Greek portico to the Hospice de la Charitd, all at Paris; Mint 
at Berne, and other works. 

S80. Claude Nicolas Leduux of Dormans, in France. — H6tels d^Hallerille, d'Uaes, of 
the Prince de Montmorency, de Montesquieu, de Th^lusson, and de Guimard ; 
five blocks or maisons Holstein, and many maisons, all at Paris ; theatre ^at 
Marseilles; Chateau Benouville in Normandy, and other works, which with many 
designs are given in Krafil’s Remtil, and in his own fine publication. 

‘ISl Henry Holland of London. — Carlton House for the Prince Regent; Claremont 
fur Lord Clive. Large additional^ Trentham, Staffordshire, iSloane Street and 
Hans Place, Chelsea; portico Whitehall ; improvements at Woburn Abbey, 
Bedfordshire; the Albany in |M|badiliy, and additions to the Assembly Rooms 
at Glasgow ; Old Drury Lanef^ieatrc, &c. 

282 Joseph Bonomi of Rome. — Dale Park, Sussex; Gallery for the Townley collection 
in Lanrashirc ; Church at Packington, Warwickshire, solidly vaulted throughout ; 
additions at Langley Hall, Kent; Eastwell House, Kent; Mausoleum at Blick- 
ling Park, Norfolk; Longford Hall, Shropshire; additions to Lamhton Hall, 
Durham, fbr Earl of Durham; and an Italian mansion at Roseneath, Dumbar- 
tonshire, his most celebrated work; the portico, projecting for carriages to set down 
under it, remarkable for having a oential column. 

983 Jacques Guillaume i.e Guano of Paris. — Theatre Feydeau; Halle au Drap; 
roof to Halle au BI4 (burnt) at Paris; and other works. 

S84 Karl GottHAaD Langhans of Landshiit, in Silesia. — Government House, Theatre, 
Excliange, Cbutcli, and many Houses, all at Breslau; Great Poor House at 
Kreuxburg; the Brandenburger-Thor ; tower of St. Mary’s Church, Hercules 
Bridge, National Theatre, Palace of Prince Wilhelm, all at Berlin; ^e Palace 
Theatre at Charbttenbiirg. 

285 Robert Mylmb of Scotland. — Blackfklars Bridge, pulled down 1864; Inverary 
Castle, &c. 

986. Jacques Gondoin of S. Ouen sur Seine, in France. — Ecole de M^dectne, Paris, and 
published a description of it. The Coloniie de la Grande Arm6e was ercct^ in 
conjunction with Lsr^i, 

287. Hbinuicu Karl von Fischer of Mannheim, in Germany. — Theatre, Infirmary, 
Hall of Antiquities at the Academy, and several mannons, all at Munich. Opera 
House at Vienna 

268. George Dance, Jun. of Lundon. — ^Neefgate Prison; St Luke^s Hospital; Colhige 
of Surgeons, Lincoln’s Inn Fields, all in X«ondon; and many countiy xnantioos. 

289. Ja^bs GANnoif of London. —Custom House, &c. t Exchange; Four Courts, 

I in Dublin. Published with WooUe, Fiirepiiis Bateanicifs. Designs for Exchange 
at Dublin ; and for St Luke’s Lunatic Asylum, London. New l^ks, Stores, and 
Custdm House ; EUtst Pbrtico, Ac., to Houses of Fsrlianient, now the Bank ; the 
Four ( Law) Courts ; Screen Arcade and Wing^ with additions to Hoose of 
Commons, Carlisle Bridge; and Inns of Court} all at DubUa; Court House 
and Gaol at Waterford. 

990. Aia John Soane of London. — Bank of England ; Board of l^de; State Pape? 
Ofiloe ; Entrance to House of Lords; and many works tn London, besidea his 
otTto houst in lineolo’s Inn Fields, now his Muaenim Published ^ D^iois,*’ jka, 

99L CuAaLss Paacixm of Paris, — Restorations, &e. at the Louvre and TuiMes; ciuipella 
Etpiatoire. Published ^ Rccu^ de Ddeprattont^** and otharlMMihaoC arti|wiciit» 

' with Pierre FriD 9 ois Leonard Fontaine. 
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292. Dokkhico Marumi of Brescia. — Several apartments in the Plalace at W<«rsaw; and 

villas near that city. 

293. JoHH Kendall of Exeter, in England. — ‘‘Mason and Architect** to the new works 

at Exeter Cathedral, 1805-30. 

294. Thomas Cooley of England.— Royal Exchange; Chapel in Pheenix Park; Hiber.- 

nian Marine Schools; Newgate Prison; the western wing of the Four (Law) 
Courts ; all at Dublin. 

295. James Essex of England. — The earliest In modem times who, practi.sed solely 

medieeval art ; restoration of Ely and other cathedrals ; alterations at various 
colleges at Cambridge and Oxford. 

296. T. Thomond of France. — The great Theatre, and the Exchange, at St. Petersburg. 

297. James Wyayf of England. — The Pantheon Ao&embly Rooms; Palace ot Kew; 

Fonthill Abbey ; Doddington Hall ; Ashridge House ; and many restorations. 
29S. Johann Aman of St Blasien, in Baden. — Building for the reception of the Mueller 
Collection ; interior of the Chapel of the Palace, a Theatre, Kobe Markt, 
Dorothea- Hof, a new Court Theatre, all at Vienna. New Theatre at Pesth; 
repairs to the Cathedral at Vienna; restorations, &c., at the Palace of Schon- 
brunn, with the Conservatories. 

299. John Carr of Horbury. called Carr of York.— Kirby Hall near York, and the 

Race Stand; Harewoud House near Leeds for Earl of Harewood ; Tshley House, 
Cheshire, for Lord de Tabley ; Lytham Hail near Preston ; Constable Burton 
near Hull; Thoresby Lodge, Notts, for Duke of Kingston; east front of Went- 
worth Castle for Earl of Strafford ; Aston Hall, Rotherham; Basildon Park, 
Berkshire ; Town Hall, Newark ; Court House at York ; County Lunatic 
Asylum; Crescent and perhaps the Stabling at Buxton Baths; Mausoleum at 
Wentworth ; and many other buildings snd houses. 

300. Don Josef Maktjn de Aldehuela of Manzaneda in Valencia. — Cliurch and 

College of the Jesuits at Teruel ; completed Church of San Filipe Neri at Cuenca; 
with other Churches, ^c., in that city ; Aqueduct, G miles long, to Malaga ; great 
Bridge at Honda oxer the Tajo, and water supply. Went to Granada to design 
the Palace for Charli’S V. 

301. Giusepfe PiERMAKiNi iif Foligno. — As pupil of Vanvitelli he assisted in the Fa'aco 

at Caserta ; and in the alterations at the Palazzo Imperiale at Milan, which latter 
work was trans'errtd to him; and in which city he designed the Teatro “La 
Scala;*' Monte di Piet 4 ; Teatro della Canobbiana; Porta Oricntale ; the extensive 
f.i^ade of the Palazzo Belgioioso; several pala>zi, with many extensive im* 
provements. 

Century. 

302. Vincenzo Brenna of Russia. — Carried out Bazhenov's design for the Palace of st. 

Michael, now the Schcol for Engineer Officers; Obelisk of black granite ; the 
Exercising House, 540 fl. by 120 fl., at St. Petersburg. Designs publishe 1. 

303. Henry William Iswood of England. — St. Pancras New Church ; St. Martin's 

Chapel ; Regent Square Chapel ; Somers Town Chapel ; all in London. Published 
“The Ercchthieon at Athens.’* 

304. Jean Nicolas Louis Durand of France. — Published “Recueil et Parallele dcs 

Edifices," and other works 

305. Augustus Pugin of England, —Published “Specimens of Gothic Architecture,** 

“Examples of Gothic Architecture^** “Antiquities of Normandy,'* and other 
works. 

306. John Nash of England. — Brighton Pavilion; Haymarket Theatre; Buckingham 
' Palace; Regent’s Park, and its terraces of dwellings; Regent Street and the 

Quadrant; many residences, Ac. 

307. Sia Jeffry WYaTViLts of England. — Extensively rebuilding and altering Windsor 

Castle. 

308. Wii.UAM WiLKiHs of England. — St. George's Hospital; Londxm University; 

National Gallery; Universiiy Club House: in London. Downing College, 
Cambridge. Published a translation of part of “ Vitiruvlua.** 

509. Bynzamiv Hehrt Latrobe of Fulnec near Leeds, in Bhigland.— S^eral mansions 
iu Surrey and Sussex, Ac. Vitited America, where be rendered the James river 
navigable; Water Supply at Philadelphia; apd pank of Pennsylvania; cirni- 
pleted tbe exterior of the north wii^ of the Capitol at Waslungton, added cone- 
aponding wing, &c, ; designed the central portio^ and the Hall of Representatives; 
at this building CKARLxa Bulfinch su c ceeded him, and erected the Rotunda, &c. 
Water Supply to ^ew Oiieaua; Exchange and Catl»edi«l At Baliimoref Bank of 
United Sutes'at Rilladelpfita. 
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810. Thomas Harrison of Richmond, Yorkshire. —Bridge over the river Lune at Li&. 
cMSter I rebuilding of the Castle there rsr Gaul ; new County and Crown Courts; 
Bridge over the Derwent at Derby, and others; Prison, County Courts, Armoury, 
&c., at Chester, wholly of stone; Broom Hal), Fifeshtre, for Eirl of Elgin; 
Atlienasum, Lyceum, and Library of the Literary Society, at I.iverpool ; Theatre 
Athenaeum, and Exchange, at Manchester ; Grosvenor Bridge at Chehter over the 
river Dee, 200 feet span; and many other works. Designed a Palace for Count 
Michael Woronzow, to l>e built in the Ukraine on the Dnieper. 

Sll. 1 l Marchesk Luigi Caonola of Milan. — Porta del Sempione or Arco della Pace; 
Porta di Ticino ; Cat>ino dc* Nobili ; all at Milan. Many magniBcent projects ; 
and the Palazzo for himself at Inverigo, with a central salone of 45 fl. diameter. 

812. Stefano and Luigi Gasse of Naples. — Observatorv ; additions to Villa Ileale; 

Reale EdiBzio di San Giacomo, or Palazzi de* Ministeri ; and the Dogana; all at 
Naples. 

813. Thomas Rickman of England. — New Court of St. John’s College, Cambridge; 

restoration of the Bishop of Carlisle’s Palace, Cumberland; upwards of twenty - 
five churches in the Midland Counties; several private dwellings. Publislied 
Attempt to Discriminate the Styles of Architecture in England.” 

SI 4. Carl Friedrich von Schinkel of Prussia. — Hauptwache, Theatre, and Museum ; ^ 
Werder-Kirche (Gothic) ; Bauschulc, and Observatory, all at Berlin; Theatre 
at Hamburg; Schloss Krzoscowice, Charlottenhof, and the Nicolai- Kircbe at 
Potsdam. Published his designs, many of which were not executed. 

315. Joseph Michael Gandy of England. — Phoenix and Pelican Assurance Offices; 
additions to the prisons at Lancaster ; buildings at Liverpool. Published ” Designs ” 
for rural buildings. Better known for his artistic conceptions of architectural 
restorations. 

816. Friedrich von Gartner of Bavaria. — Fa 5 ade of the Porcelain Establishment; 
Ludwigs- Kirche, Bibliothek, and Record Office ; and many other buildings at 
Munich. The Befreiungsballe at Kehlheim; Pompeian House at Aschaffenburg, 
&c. Published his designs. 

317. Sir Richard Morrison and Wii.liam Vitruvius Morrison of Dublin. — Altera- 
tions of cathedral at Cashel; County Court House, Clonmel; Shelton Abbey; 
Kilruddery Hall; Ballyfin; Court House, Carlow; Longford Castle; &c. 

818. Harvey Lonsdale Elmes cf England. — Collegiate Institution; St. George’s Hall; 
at Liverpool. 

319. Peter John Gandy- Dekrjno of England. — Associated with Wilkins in the Club 
House, and University. St. Mark’s Church, North Aiidley Street; and Exeter 
Hall, at London. Published **Pompeiana” with Sir W. Gell, and many Classic 
Antiquities for the Society of Dilettanti. 

520. Jacob Gay of France. — Extensive fortified warehouse for grain at Novogeorgievsk, 

near Warsaw, and the Greek cbuich of the Alexandrian colony. 

521. Augustus Welby Northmore Pugin of England. — His residences at Salisbury, 

and at Ramsgate with a chapel adjoining. No less than thirty- six Roman 
Catholic churches, including the cathedral of St. George, Southwark, and those 
at Killarney and Enniscorthy; the church at Cheadle; and extensive alterations 
at Alton Towers. Published “ Contrasts,” “ True Principles, &c.,^ ” Designs for 
Metal and Timber,” Ac. 

822. Pietro Aioner of Gallizia, in Austria. — Churches of St. Alexander, and of St 

Andrew; Observatory, said to be the finest in Europe; Guard House, Govern- 
ment Palace, completion of the Mint, University Library, Radzivill Palace and 
great Bazaar, all at Warsaw. Catliedral at Szuwalkacb in Lithuania ; and other 
works. 

823. William Porden of England. — Stables at the Pavilion at Brighton, with the Riding 

Hou-es, Ac. Eaton Hall, Cheshire^ for the Marquiv of Westminster, Ac. 

324. John Haviland of Taunton, in England. — Pittsburgh Penitentiary; Eastern Peni- 
tentiary at Clierry Hill; Hall of Justice, New York; NavU Asylum, Norfolk; 
New Jersey State Penitentiary, and many otiicrs, with gaols, asylums, and county 
halls, all in the United States. 

895. Guillaume Abel Blouet of Psssy, in France. -^<}onip1efted the Arc de Fil&oUe ; 
works at the palace at Fontainebleau. Published ** Expedition Sc&enttflf ue de 
Morea;** supplement to Rondelet^ **L*Art de B&tir;’' and revteed the tenth 
edition ef that work. ‘ 

896* Iamm GiLLssriE-GRAHAMorOr^i1,ln Seodasd—Cttldeet Castle, Perth^rS; Ron 
Priory, Dumbarton^ire ; Dutiee Cestle, Berwiekthire ; and many eouBti y resi« 
deuces i VieUHria or Assembly Hall, at* Edinburgh ; chapels there and at' OUwgow. 
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$R7* WiM.iAii Henry PLAYfxtH of ScotUnd. — St. 8(eplu*n*8 Church; Royal Institution; 
National Gallery; Donaldson’s Hospital; Frua Church College; Surgeons’ Hail; 
all at Edinburgh. 

SIRS. John Britton of England — Published the “Cathedral Antiqoltias *' 14 volumes; 
•* Arcliitectural Antiquities,” 5 vols.; ‘'Edifices of London,” 2 vols. ; and many 
others. Began the restoration of Redelifle Church, Bristol. 

S29. Luioi Canina of Rome. — Published many works on the History of, and Discoveries 
connected with, Classic Architecture. 

330. Loins Tullius Joachik Visconti of France. — Completed the Palace of the Louvre ; 
Monument of Moliere in the Rue Richelieu ; Fountain on site of the old Opera 
House, Place Louvois ; Fountain in Place St. Sulpice ; fii^e of the angle of 
two streets in the Rue Ncuve des Petits Champs ; tomb of the Emperor Napo* 
Icon 1. at the Invalides all at Paris. 

391. Thomas Hamilton of Scotland. — The High Schools; College of Physicians; and 
some churches ; Pavilion for the Grey Festival, 1834 ; all at Edinburgh. Monu* 
ment to Burns, near Ayr. 

332. Alphonse Rig arc de Montferrand of France. — Column to the Emperor Alet* 

ander; and Church of St. Isanc, at St. Petersburg. Both published. 

333, Sir Charles Barry of London. — The Travellers’ Club House (published); the 

Reform Club House ; Bridgewater House ; the Houses of Parliament ; Privy 
Council Office; laid out Trafalgar Square ; three churches at Ball’s Pond, 
Cloudesley Square, and Holloway; all in London. The Grammar School at Bir- 
mingiiam. Clifden House, near Reading. Trentham Hall, Derbyshire. St. 
Peter’s Church at Brighton. A church, the Athenaeum, and the Royal Institu- 
tion, at Manchester. 

S3d, Ernst Friedrich Zwirner of Prussia. — Restoration of Cologne Cathedral. Church 
at Remageu. 

335, David Hamilton of Glasgow. — Hutcheson’s Hospital ; Nelson Monument; Royal 

Exchange; Western Club House, and otlur buildings, all at Glasgow. Castle 
Toward; Dunlop House; Airth or Kier Castle; Hamilton Palace ; and Lennox 
Castle, all in Scotland. 

336. Robert Mills of Charleston. South Carolina. The Congregational Church at 

Charleston, with a dome 90 feet diam. inside, the first in that country. Several 
edifices at Philadelphia, including the Bank (the first building in the Gothic style), 
and the timber bridge over the Schuylkill, about 340 feet span. The Court 
House and other buildings at Richmond ; Monument to Washington at Balti- 
more, and two churches there; Lunatic Asylum at Columbia; Penitentiary at 
New Orleans; and buildings at Charleston. The Bunker Hill monument. Many 
works for the Government at Washington. He largely introduced a fire-proof 
system into the construction of his buildings. 

837. Leo von Klbkze of Prussia, — The Glyptothek, and other public and private works 
at Munich. The Walhalla, near Ratlsbon. Buildings at St. Petersburg. De- 
signs published. 

833. James Bunstone Bonnino of England.— City of London School. Higbgate and 
Nunhead Cemeteries ; Bethnal Green Workhouse ; Freemason’s Orphan Schools 
Brixton; the Coal Exchange; City Prison, Holloway; Billing^ate Market; 
Metropolitan Cattle Market, Islington ; Alterations in Newgate Prison ; Pauper 
Liiratic Asylum at Stone ; with many improvements in the City of London. 

389. Lunwio Forster of Austria. — Published the AUgtmxiw Bauzeitung^ 38 volumes 
(to 1873). Buildings in Vienna. 

340. Charles Rosekt Cockerell of London. — Philosophic Institution at Bristid. 
Hmnover Cha|el, Regent Street. St. David’s College, Lam) eter. National 
Monument, Calton Mill, Edinburgh. Universtty Library and Museum, Cam- 
bridge. Westminster Life Office, Strand. Dividend Pay Office, and the Private 
Drawing Office, in the Bank of England ; and Branch Banks at Manchester, Bristol, 
add Liverpool. Sun Fire Assurance Office. Taylor end Randolph Galleries 
end Library at Oxford. Liverpool and London Insurance Buildings at Liverpool. 
Completion of the Fitxwilliam Museum at* Cambridge, commented by G. Basevi; 
and of St. George’s Hail at Liverpool, commenced by H. L. Elmes, 

841. JoREfif Gwiw of London.— Compiler of the ^ Enoydop^dia of Arobitccture,’* 
and writer of many other works. 

342, tfftat Canoni^a of Milan.— Anfiteatro Diurno for 30,000 spertatora, for Napoleon 

1. ; Teiitro Carosno, and Fk&do ; the interior of Pklano Orrino, and Casa 
Canontea, all at Milan, Theatres at Brescia, lifoirtiia, and Parma. 

343, Loots vo« ZAvnt ol-Wftrtemburg^The WtlheKni tmr Stuttgardt, in a Moorish 
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«tyle; design for a large village and iu buildings in Hungary; published ** Tlie 
Antiquities of Sicily ** with J. 1. Hittorff. 

944. Sir JosErn Paetpn of Milton Bryant, Bedfordshire. — The Conservatory for tlie 
Victoria Regia at Chatsworth, and other buildings there. The suggestion for the 
building of the Industry of All Nations 1851. Village of Edensor near Chats- 
worth ; Mentmore for Baron Mayer A. de Rothschild. Mansion at Ferridres in 
France for Baron James de Rothschild. Alterations at Lisraore Castle, Ireland, 
for Duke of Devonshire. Laid out Parks at Liverpool, Birkenhead, Glasgow, 
and elsewhere. 

943 , Carr. Frincis Fowke of Belfast, in Ireland. — Raglan Barracks, Devonport. Addi- 
tions to South Kensington Museum ; Picture Galleries for the Sheepshanks, 
Vernon, and Turner collections therein. Industrial Museum, Edinburgh. New 
buildings for South Kensington Museum. National Gallery, Dublin. Design 
for Gardens, Conservatory, and south arcades, Royal Horticultural Gardens ; the 
building for 1862 Exhibition, and entrances to the Gardens. Dedgn for Natural 
History Museum. Original design for the Royal Albert Hall. 

546. Jacques Iqkace Hittorff of Cologne. — Practised at Paris, where, with I^ecointe, he 
conducted several funeral pomps, and many festivities; reconstructed the 
interior of the Salle Favart, and rebuilt the Theatre of the Ambigu Comique. 
Published with Zanth, ** Architecture Moderne de la Sicile,*’ and ** Architecture 
Antique de la Sicile; ’* and with Olivier, an edition of the ** Inedi^ed Antiquities 
of Athens.** Designed the circular Panorama in the Champs Mys^es; Grand 
Cirque Olympique ; Cirque on the Boulevard des Filles du Cdvaire ; assisted in 
raihing the Olielisk of Luxor, and designed its pedestal ; and the Fountains in 
the Place de la Concorde : with Lepbre, the basilican church of St. Vincent de 
Paul : Mairie on the Place du Panthdon; another, with a suite of buildings close 
to the Church of S. Germain TAuxerrois; laid out part of th;e Bois de Bou- 
logne; designed the circular edihees in the Place de TArc de TEtoile; and Ter- 
minus of the Great Northern Railway of France. 

347. Sir Robert Suirke of London. — Large additions at the Royal Mint, London; 

Covent Garden Theatre ; General Post Office ; Penitentiary, Millbank ; British 
Museum up to 1847; King*6 College, Tx>ndon; Central Portion, alterations, Ac., 
at the Custom House; Restoration of York Minster, 1828; Belgrave Chapel, 
and many churches; Wellington Testimonial, Dublin; Courts of Justice at six 
cities, and other similar buildings. Lewther Castle, Cumberland, for Earl of 
Lonsdale ; Eastnor Castle, Ledbury, Herefordshire, for Earl Somers ; Drayton 
Manor, for Sir Robert Peel; and many other mansions, and additions to them ; 
Union, Carlton, and Junior United Service Clubs; several of the interiors of the 
Dining Halls to the Inns of Court; Serjeants* Inn; Approaches to London 
, Bridge. 

348. Philip Hardwick of London. — House and Warehouses at St. Katlierine*B Docks; 

New Hall of the Goldsmiths* Company ; Entrance portico, the large hall, and 
hotels, at the Railway Station, Euston Square; New Hall and Library for Society 
of Lincoln’s Inn ; all at London. 

,349. Charles Tsxxek of Versailles, in France. — Restored Arch at Rheitns. Published 
** Description de TAsie Mineuie,** and ** L’Arm6nie, la Perse, et la Mdsopotamie.** 
Sent to Algeria, he measured all the Roman works in lliat country. Published 
Byzantine Architecture,** and ** Principal Ruins of Asia Minor,** both with 
R. P. PuUan. 

850. Sill James Pennkthorhe of Worcester. — Assisted Mr. J. Nash in carrying out in 
London, the improvements in the Strand ; Carlton House Terrace ; St. James’s 
Park ; various impiovements in the streets of the Metropolis, for the Govern- 
ment. Tlie St. James’s Bazaar; St. J ulian’s, Sevenoaks, for C. J. Herries; Dil- 
lington House, llminster, for Mr. J. L. Lee ; Switbland Hall for Mr. Butler 
Danvers; Christ Church, Albany Street; and Trinity Church, Gray’s Inn Road. 
Formed and laid out Victoria and Battersea Parks, and Kensington Palace Gar> 
dens. Museum of Economic Geology, Piccadilly. General Record Office, 
Chancery I.ane. State Ball Room, Sufiper Room, and Galleries, at Buckingham 
Palace. Additions to Somerset House, fronting Lancaster Place. Alterations at 
the National Gallery; and at Marlhmugh Hoase for the Prince of Wales* 
University of London, Burlington Gardens; and many other works fi»f the Govero- 

I » ment. 

jSSI, Sta X^oMAs DEAKXof tMonkstewii,neer Dublin. — Banks^wiih other ktiHdings, and 
the Court itouse with a h^ie fiortico, at Cork. ; Queen’s Cqllflge» G«rk ( Lunatic 
Asyluol Hi KUbiriiey $ addUiioii to Tri^ty College, Dubliii, in the Veuetiaft^ylf I 
Jdiiseom at Oxford with bis son Tliomas and Mr. Woodward, 
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2^2, Edward Walters of LoEdon. — Many large warehouses in the Renaissance style at 
Manchester ; and numerous houses m the suburbs ; Free Trade Hall ; Manchester 
and Salford Bank; stations on the Midland Railway; church in Cavendish 
Street; Fire Insurance OflBce, King Street; WarringtoU Public Hall, &c.; aU 
at Manchester. Died January 22, 1872, aged 63. 

853. Sir William Titb of Londoa.— Restored, with David I<aing, the church of St, 

Dunstan*s-m-the-East. Designed the Scotch Church, Regent ‘Square; tlie Royal 
Exchange; London and Westminster Bank, Lothbury, with 0. R. Cockerell, 
R.A. ; several railway stations ; all in London. The termini and most of the 
stations on the Caledonian and Scottish Central Railways ; and on the line from 
Havre to Paris Memorial Church, Gerrard’s Cross. Largely employed in the 
valuation, purchase, and ssAe of the land required for the extensive railway and 
improvement works of his time. Died April 20, 1873, aged 75. 

854. Ow^ JoNBS of London.— Designed St. James’s Hall and its decoration ; the decora* 

tion of the Hall of the Fishmongers’ Company ; that of Fonthill House, near 
Salisbury, for Mr. Alfred Morrison, and of his residence in Carlton House 
Terrace ; of Preston Hall, for Mr. Henry Brassey ; of the Exhibition of Industry 
of All Nations, 1851 ; and of the Crjetnl Palace, Sydenham. Designed furniture, 
&c. Published ** Plans, &c., with Details, of the Alhambra,” in cx)lour8, fol. 
1836-45; “Designs for Mosaic and Tesselated Pavements,” 4to. 1842; “An 
Apology for the Colouring of the Greek Court at the Crystal Palace,” 8vo. 1864,; 
“The Grammar of Ornament,” 100 plates, fol. 1856; 112 plates, 1866. Many 
other works on colour and ornament. Died May 1 (?), 1874, aged 66. 

355. Alexandto Thomson of Balfron, Scotland, called “ Greek Thomson,” after the style 

to which the bent of his studies entitled him. — Designed the Caledonian Road 
United Presbyterian Church ; the St. Vincent Street U.P. Church ; and Queen’s 
Park U.P. Church ; the Egyptian Hall, Union Street ; two buildings on north side 
of Sauchiehall Street; all at Qlatgow. Died March, 22, 1876, aged nearly 68. 

356. PiBRBB FnaNpois Hbnri Labroxjstb of Paris.— With Visconti, superintended the 

decorations for the funeral ceremony consecrating the return of the remains of 
the Emperor Napoleon I. to Paris. Opened an atelier. Designed the Library of 
Ste. Genevieve ; the enlargement of the National Library, with new reading room, 
&c. Appointed general inspector of diocesan edifices. Died June 24, 1875, 
aged 74. 

357. David Bbtcb ^ of IMinbuigh. — Designed many public offices, banks, &c., in 

Edinburgh, in various styles; as Fettcs College; the Sheriffs’ Court; Edinburgh 
Royal Infirmary ; Lanark Infirmary; several churches in Edinburgh, Dalkeith, 
Dundee, Falkland, St. Mungo’s, &c. In a long list of mansions, and of additions 
and alterations, are mentioned Panmure, for Karl of Dalbousie ; Kinnaird Castle, 
for Earl of Southesk ; Langton, for Marquis of Breadalbane ; and the mausoleum 
for the Duke of Hamilton. Died May f, 1876, aged 73. 

358. Raphael Brandon of London. — With his brother Arthur, who died December 1847, 

published “ Parish Churches,” sixty- three in number, 8vo. 1848. Then “ Analysis 
of Gothic Architecture,” seven hundred examples, 4to. 1849; “Open Timber 
Roofs of the Middle Ages,” thirty-five examples, 4to. 1849. Designed the church 
in Gordon Squa^ for me members of the Catholic Apostolic Church, in conjunc- 
tion with Mr. Ritchie. Church in Great Windmill Street, Haymarket; and one 
at Knightsbridne. Died October, 1877. 

959. SrDNET Smirks of London.— With his brother Sir Robert, designed the Oxford aii4 
Cambridge Club, Pall Mall. He restored the Temple Church, and published an 
account of it, 1845. A block of buildings in the Temple ; the Conservative Club, 
St. James’s Street ; Carlton Clubhouse, Pall Mall ; the circular Reading Room, 
and other parts, at the British Museum ; the Exhibition Rpoms frr tbe J^yal 
Academy of Arts, Burlington House. Died December’ |L|^77, aged 77, 

360. Sir Matthew Diobt Wyatt of Devises,— Travelled 'two yeewh and on his 

returned published “The Geometric Mosaics of the Mic^eAges,*^ fbl. 1849. 
Reported, 1849, on the Industrial Exposition at Paris. Published “Ipdustri^ 
Arts of the Nineteenth Century,” fol. 3853 ; “Metal Work and its Artistic 
Design,” fbl. 1852. As supenntendent of the Pino Arts department at the 
erection of the Crystal Bdace, he, with Owen Jones, designed several of the 
Courts, and wrote tbe descriptimis. He designed the Court and interior 
finjuihings of the new India Omce, Whitehall ; Add^nbroke’s Hospital, Camr 
bridge: ths Royal Indian Civil Engineering College at Cooper’s HiU; restored 
the haU of Clarq College, Cambridge; desigaed ttho Ch^imean Memorial Arch 
al Cha^m, fbr tbe Royal Engineers, &e.; ms rndnskn |br Louis Hn^h* Ksq.. 




XIST OF AEOHITEOTB, 


UA 

▲FTBtt CHRIST. 


at Fossingworth, Sussex; the red brick house for Lodj Marian Alford at 
Kensington Glore. He published hts ** Lectures’* as Slade Professor in 1870. 
Died May 21^^877, aged 57. 

16 1 . Sir Gh bos Gilbert Scott of Gawcott, near Buckingham.— ’W’. B. Moflfatt was partnei 
for some jears ; they designed, 1841, the Martyrs’ Memorial at Oxford ; St. Giles’s 
Church, Camberwell; and the In&nt Orphan Asylum, Wanstead. He designed 
the St Nicholas Church at Hamburg ; Cathedral at St John’s, Newfoundland ; 
1864, the Parish Church of Doncaster, Yorkshire; from 1849, as architect to 
the dean and chapter of Westminster, he continued the sestorations of the 
church, and restored the chapter-house. Designed the Foreign Office, including 
the exterior of the India Office, Whitehall ; the Memorial to the Pribce Conife]^ 
Hyde Park ; and the new Cathedred at Edinburgh. Restored portions of neart^ 
every cathedral in England, and some in Wales ; Tewkesbury Abbey choir, &C., 
and St. Alban’s Abbey. Designed the Albert Memorial Chnpel, at Windsor ; 
St. Mary Abbott’s Church, Kensington ; chapel of St. John’s College, Cambridge ; 
Glasgow University Buildings ; Leeds Infirmary ; Preston Town Hall ; houses in 
the Broad Sanctuary, Westminster ; and very numerous new churches ; also 
numerous rebuildings and restorations. He wrote “ Gleanings from Westminster 
Abbey,” 1861 ; “Remarks on Secular and Domestic Architecture,” 1867 ; “Lec- 
tures on the Rise and Development of Mediaeval ArchitectuTe,” 2 vols., 1879; 
and many papers and essays. Died March 27, 1877, aged 67. 

S62. Edward Blorb of Derby. — Designed, 1816, Abbotsford, for Sir Walter Scott ; was 
employed for many years in making drawings for antiquarian and other publica- 
tions; and published “The Monumental Remains of Noble and Eminent 
Persons,” 1824-26; and was among the first to stimulate the revival of Gothic 
architecture. Restorations at Peterborough, Glasgow, Ely, and Winchester 
Cathedrals ; Merton College Chapel, Oxford ; B-irfreston Church, Kent ; Thorney 
Church, Cambridgeshire ; Ramsey, Huntingdonshire ; and several others. Rebuilt 
the residence, restored the hall and chapel of Lambeth Palace. Designed the PalaCd 
of Aloupka, in the Crimea, for Prince Woronzow ; Worsley Hall, Lancashire ; 
Haveringland Hall, Norfolk ; Cranford Hall, Dorset ; and others. Made exten- 
sive alterations at Wadham and St. John’s Colleges, Oxford; and at WindeCr 
Castle. Designed the new front, &c., to Buckingham Palace; and works of 
restoration^^^At Westminster Abbey for several years. Died September 4, 
1879, aged^^MO. 

863. JosKTH I^nfl^^Vof Paris. — Designed, 1833-40, the Colonne de Juillet; and 
after 1840, u^^uildings of the Palais de Justice, including the new Salle des 
Pas Perdue, all at Paris. In 1869 he received the Grand Prix of 100,000 francs 
decreed every five years by Napoleon IIL Died January, 1879. 

361. Gottfried Semper of Altona, in Denmark. — Designed, 1834, the Court Theatre, 
and the Synagogue, at Dresden; and 1847, began the new Museum. He retired 
to Paris, and then to London, where, 1853, he designed the Wellington funeral 
car. After some years he went to Zurich as Professor of Architecture ; designed 
the large Polytechnic School; the town hall; the railway station. The re- 
building of the Court Theatre, at Dresden, was carried out by his son Manfred. 
Design^ the Exchange ; new Museum ; additions to the Imperial residence ; and, 
witii von Hasenauer, the Imperial Court Theatre; all at Vienna. Died at Roma 
May 16, 1879, aged 76. 

366. Eugene EMMANtrsL Violli’T-lb-Dcc of Paris.— In 1840 he was nominated, with 
Lassus, in the restoration of the Ste. Chapelle, at Paris. He restored the Abbey 
Church of V^selay ; the churches of St. Pierre, Montr4ale ; the H6tel de Villa, at 
Narbonne ; the church at Poissy, of St. Nazare in Carcassonne, and at Semur. 
With Lassus, 1846, the restoreftion of Notre Dame, at Paris ; works at the Abbey 
of St. Denis ; 1849, commenced the restoration of the fortifleations at Carcassonne ; 
at Ihe Cathedral at Amiens, and the Syndical Hall at Sens ; Notre Dame, at 
Ch&lons-suivMame ; the Cathedral at Laon; ^e Chateau de Pierrefonds. 
Designed the Protestant Cathedral at Lausanne; and the Chateau d’Eu, for the 
Comte de Paris. Besides the important “ Dictionnaire Ruisoun^ de 1’ Architec- 
ture Francaise,” 1863-68, he puMished ** Essai sur rArchiteeture Militaire,” 
1854; “Dictionnaire du Mobilier Franqais,” 1855; “ Entretieni sur TArchitec- 
ture,” 1858-68 ; and others, pied September 17» 1879, aged 65. 

|66. Edward Mxddieton Barrt of London. — Designed, 1857» St. Saviouris 

Haverstock Hill ; the schools in Endell Street, for St. Giles’s-in-the-Fietdsi 1857t 
Corent Garden Theatre, for 11^. Gye, with the Flora} Hall adjoiniiA was 
appointed, 1860, to complete tilie new Palacie at Westminster, alter the death af 
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Sir 0, Barry. Designed the Halifax Town Hall ; new Opera-honee at Malta ; the 
staircase to the Royal Academy rooms at Burlington House ; the new chambers, 

“ Temple Gardens the Cannon Street and the Charing Oi^s Hotels, with the 
Queen Eleanor Cross ; the Hospital for Children, Great Ormond Street ; the 
Birmingham and Midland Institvte. Rebuilt Crewe Hall, Cheshire ; designed the 
decoration of St. Stephen’s Chapel, Westminster; and the additional galleries 
to the National Gallery of Pictures. Died January 27, 1880, aged 49. 

867. Jeajt Pibbbb Clutsbnaab of Li^e.— Des^ned the Marchi de la Madeleiao; tJie 

H6tel du Conservatoire ; and the Galeries St. Hubert, all at Bruxelles. He pub- 
lished **B&timents des Stations, dBc.,” 4to., '1862; “Maisons de Compagne, 
ChAteaux, &c.,” 4to., 1862, Died Januai*y (?), 1880, aged 69. 

868. JoHANK Hbineich Strack of Biickebarg, in Holstein.~As a student of Schinkers ’ 

he assisted in designs for the then Crown Prince, afterwards Frederick William IV,, 
at the new Palace at Berlin ; 1828, in the erection of the Palace of Prince Carl, 
and the Palace of Prince Albrecht. He completed the Palace of Babelsberg, 
near Potsdam, as well as the present Imperial Palace. At Berlin, he designed 
the Palais Raezynski, 1843; the churches of St. Peter and St. Andrew; the 
National Gallery, 1866-76 ; the Column of Victory in the Thiergarton, 
1871-76; and the Villa Borsig. He published several works, including his 
discovery, 1862, of the Theatre of Dionysius st Athens. He was lecturer at the 
Academies, and also “ haumeister” from 1838 to the Emperor of Germany. Died 
June 13, 1880, aged 75. 

869. Benjamin Fkrrky of Christchurch, Hampshire. — Laid out the estate of Sir Geo. 

Gervis, and designed the Bath Hotel, with several rows of villas, at Bournemouth. 
Restored the nave and transepts and the Lady Chapel of Wells Cathedral ; and 
the Bishop’s palace and chapel. Designed the Church of St. James, at Morpeth; 
of St. Stephen, Rochester Row, Westminster ; the town halls at Dorchester and 
Luton ; the church at Buckland St. Mary ; Wyunstay, for Sir W. W. Wynn ; 
Bulstr^e, for Duke of Somerset ; mansion for the Duke of Connaught at Bagshot 
P.irk, &c. His invention of stamping plaster was carried out at Macclean Church, 
near Ampthill; at All Saints’, Biackheath ; at Streatham Parish Church, and 
other churches. Died August 22, 1880, aged 70. 

370. Thomas Henry Wyatt of Laugblin House, Roscommon.— He practised in Iiondon 
in partnership with David Brandon from 1838 to March 17i 1851, and designed 
the Assize Courts at Winchester, Devizes, Usk, Brecon, and Cambridge. Among 
numerous hospitals, &c., those at Malta ; for Norfolk and Norwich; Wiltshire 
Lunatic Asylum ; and the Buckingham Lunatic Asylum ; the Exchange Buildings 
at Liverpool ; the cavalry barracks at Knigbtebridge, London ; railway station 
at Florence ; Adelphi Theatre, London ; St. Aldan's College, Birkenhead ; Oatlaud 
Park Hotel, Surrey ; mansion in Park Lane, for Sir Dudley Majoribanks ; with 
many others ; and alterations. Among the numerous new churches, in Wiltshire, 
that of Wilton, near Salisbury ; memorial church to George Herbert at Bemerton, 
&c. ; in Dorsetshire, in London, in Cambridgeshire, &c. ; the Garrison Church at 
Woolwich ; also the earlier restorations at Llandaff Cathedral, and at Wimborna 
Minster. Died August 5, 1880, aged 73. 

871. William Burges of London. — Gained, in conjunction with Mr. Clutton, the first 
premium for Lille Cathedral ; was occupied in the decoration of th^ Chapter 
House at Salisbury ; also the first premium for the Memorial Church at Con- 
stantinople ; designed Brisbane Cathedral, and the Cathedral at Cork ; restoratipHS 
at Waltham Abbey ; at Cardiff Castle, for the Marquis of Bute ; docoratiSH of 
chapel of Worcester College, Oxford ; desigued the Art School at Bombay ; 
made designs for Hartford College, United States ; carried out bis own house in 
Melbury Road, Kensington ; designed Worcester College Hall ; and new churches 
at Studley and Skelton, near Ripon* Died April 20, 1881, aged 53. 

372. Decimus Burton of London. — Designed, 1824-26, the Colosseum, Regent’s Park, 
and the Hyde Park improvements, including the Ionic fn^ade and' the triumphal 
arch ; the Calverley Park estate at Tunbridge Wells, for Mr. John Ward ; Grove 
House, Regent’s Park ; Royal Naval Club, and the Athemeum Club, Pall Mall ; 
Holfoxd House, St. Dunstan’s Villa, and St. John’s Lodge, Regent’s Park ; Worth 
Park, Sussex; Stapleton Palace, near Bristol; the new town, church, hotel, 
lighthouse, Ac., at Fleetwood ; the Union Club, United 86!hrice Clnb, and Junior 
United Service Club, London; palm house, winter gardetit Ac., at Kew; and 
nnmetone private houses. Died December^i. 1881, aged 8U 

871* Aittbeoky Salvin of Snnderland Bridge, — Deaigned Mamhead, near Exeter; 

Morhy Hall; restored the hall at Brancepeth Cluitles designed Methlev Hall) 
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Parham Court, and many others ; Peckforton C<uitl« ; Tostored tho BoAuchamp 
Tower and Traitors’ Gate at the Tower of London ; also Carnarvon Castle, with 
numerous others; the Curfew Tower and other works at Windsor; Alnwick 
Castle, Northumberland. Designed Keele Hall, Staffordshire ; Thoresby Hall, 
Nottinghamshire. Restored Petwortb House ; Birdsall House ; Femhurst Church, 
Sussex ; Kilndown Church ; the Church of the Holy Sepulchre, Cambridge, &c. ; 
and Dunster Castle. Died December 17, 1881, ag^ 82. 

874. Gbokqb Edmuwd Stbbbt of Woodford, Essex.—Designed Hadley Church, Essex ; 

others at Constantinople, Rome, Genoa, Lausanne, Vevay, Htirren, and Paris ; 
All Saints’ Church, parsonage, and schools, at Boyne Hill, Berkshire ; Church of 
St. James the Less, Garden Street, Westminster; St. Peter’s Church, Boi^te- 
mouth ; and the nave to Bristol Cathedral. Restored south transept and* e 
Teredos at York Minster. Designed the Courts of Justice, London ; the churches 
of 8t. Margaret at Liverpool ; All Saints at Clifton ; St. Mary Ms^alene at 
Paddington ; St, Saviour at Eastbourne ; St. John at Torquay ; St. Philip and St. 
James at Oxford ; the Theological College at Cuddesdon ; Dulecht House and 
Chapel. Restored Christ Church Cathedral. Dublin. He published “ Brick and 
Marble Architecture in Italy,” 8vo., 1866 ; “ Gothic Architecture in Spain,” 8vo , 
1866 ; and wrote numerous pa^rs and lectures. Died Dec. 18, 1681, aged 67* 

875. CoNTB CoMMKNDATORB ViROUTio vBSPiONANi of Rome. — Architect to the Church of 

St. Peter’s at Rome. Died Deceniber 3, 1882. 

876. Davtd Rhind of London. — At Edinburgh, designed the Commercial Bank Buildings ; 

Life Association of Scotland ; Normal School, Chambers Street ; Stewart’s 
Hospital ; addition to the Assembly Hull on C.-istle Hill ; and the Commercial 
Bank, Glasgow. Died April 26, 1883. 

877. SiGNoa Emilio de Fabris of Florence. —Designed the new facade to the Cathedral 

of Santa Maria, at Florence, ordered 1869. Died (on the eve of the day ap- 
pointed for uncovering this great work) June 28, 1883. 

378. Heinrich Freiherr yon Fkhstel of Vienna. — At Vienna, the Votivkirche ; the 
new University ; the Palace of tho Grand Duke Charles Ludwig Victor ; and 
several other works therein. Died July 16, 1883, aged 66. 

879. Jean Baptiste Cickron Lesueur of Clairefontaine, neor Rambouillet, France, — 
Designed the Parifeh Church at Vincennes ; Conservatoire deMusiqueat Geneva ; 
at Paris, a great number of princely mansions; 1840, extension and completion 
of the H6tel de Ville (burnt 1871), &c. Published, with F. Callet, “ Edifices Pub- 
liques, &c., de Turin et do Milan,” 1866 ; “ Vues Choisies des Monuments Antiques 
de Horn®,” 1827; “ Chronologie des Rois d’Egypte,” 4to., 1848; “ Histoire et 
Th^orie de 1’ Architecture,” 1879. Died December 26 (?), 1883, aged 89. 

280. Theodore Ballu of Paris— At Paris, he completed the Church of St. Clotilde (by 
Gan); carried out the reconstruction of the H6tel de Ville after 1873 ; deaigned 
the churches of La Trinity and St. Ambroise ; restored the ancient Tower cf St. 
Jacques de la Boucherie ; and the ancient Church of St, Germain TAuxerrois. 
Died May 23, 1886, aged 68. 

Thomas Lbterton Donaldson of London. — Designed the Church of the Holy 
Trinity, South Kensin^n ; the town mansion of Mr. H. T. Hope, in Piccadilly, 
with M. Dusillion of Paris ; mansion for Mr. H. Hippisley at Lambourn, Berk- 
shire ; University Hall, Gordon Square ; the library and laboratory at University 
College, Gower $treet ; Gordon Street Church; Scotch Church, Woolwich ; and 
Scottish Corporation Hall, Crane Court, Fleet Street. He published Examples 
of Doorways from Ancient and Modem Buildings in Italy and Sicily,” 4to., 
1833-36 ; “ Lime, Mortar, Stucco, &c.,” 4to , 1840 ; “ Architectura Numismatica," 
4to., 1859; read a vast number of papers at the Royal Institute of British 
Architects, of which he was the first secretary, and one of the chief founders in 
1886 ; and was for many years Professor of Architecture at University College. 
Died August 1, 1885, aged 90. 

882, Theodore Labroustk of raris. — Designed the Mai son Municipale de Sant4, Fau- 
bourg St. Denis. Died November 28, 1886, aged 86. 

AS8, Ja|kb8 Fbrgusson of London. — Designed the picture gallery for Miss North’s 
paintings in Kew Gardens, illustrating his theory of lighting temples. Pub- 
lished R^-cut Ten^les of India,” IM6 ; “ True Principles of Beauty iu Art,” 
1849 ; ** Picturesque itlustrations of Ancient Architecture of Hindoftan,” 1847 ; 

Handbook of Architecture,” 2 vols. 1866 ; ** Modem Styles,” 1862; “History of 
Architecture,” 2 vols. 1866; “History of Indian and EHStern Arohiteetore,’* 
1876 1 “ Topography of Jerusalem,” 1847 ; “Falacas of Nineveh rad PHrseiKdtf 
gn t u m d,* 1861; “Mausoleum of Halicarnassus,” 1862; “Rudo 8^6 Hotu- 
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xnests ” 1873 ; ** Tree and Serpent Worahip/* 1873 ; ** Tomplei of the Jews,” 1878 ; 

Cava Temples of India,** 1880, with Mr. James Burgees; The “ Parthenon, 
an Essay on Lighting Temples,” 1885 ; and many lectnres and papers. Died 
January 9, 1886, aged 78. 

884. Hkkrt Hobson Richardson of Louisiana, U.S.A. — Educated at Harvard University, 
he proceeded, 1869, to Paris, where ho studied ; settled at New York for three 
years, and then at jSoston, where he designed Trinity Church and two others ; 
1878, Sever Hall, and 1881, Austin (Law School) Hall, both for* Harvard Uni- 
versity ; the New York State Capitol at Albany from 1868, at an estimated cost 
of four million dollars, but will probably cost double that amount; in 1878» 
Messrs. Eidlitz, Richardson, and Olmsted were appointed joint architects, but to 
Richardson is due, after 1876, the south side, with a central staircase seventy 
feet square, and the Senate chamber, opened March 1881. He also designed, 
1384, the County Buildings and the Jail at Alleghany, Pennsylvania ; 1886, the 
i?i«ld Building or Store at Chicago, 326 feet long; the Cincinnati Chamber of 
Commerce, Ohio ; with several libraries, dwelling-houses (including his own), 
zviilway stations, &c. He exercised great influence upon the architectural art 
his country. Died April 27, 1886, aged 48. 

386. R. KvEtB Penson of Oswestry. — He held several appointments in Carmarthenshire 
and Cardiganshire, and designed a large number of churches, residences, schools, 
bridges, and other works, especially St. Mark’s Church, Wrexham ; and Dynevor 
Castle, Llandilo, for Lord Dynevor ; with numerous restorations of churohes, &c. 
Died May 22, 1886, aged 70. 

386. John Prichard of LlandaflT. — Wa/3 a pupil of A. W. Pugin, and held the position of 

diocesan architect for nearly forty years. Superintended the restoration of many 
churches, as well as that of the cathedral in conjunction with Mr. J. P. Seddoh, 
the general restoration with Mr. T. H. Wyatt, and subsequently by himself. He 
remodelled, about 1865, Eatington Hall, Warwickshire ; and designed the mauso- 
leum of the Bute family at Cardiff Castle. Died Oct., 1886, ag& C8. 

387. Gkobob VuLiUMY of London. — A pupil of Sir C. Barry ; travelled much abroad, 

returned in 1843. Succeeded Mr. Marrable at the Metropolitan Board of Works 
as superintending architect in 1861, and for whom he designed the group of 
buildings on the south side of Queen Victoria Street, near Bucklersbury ; addi- 
tional story, &c., to the oflEices of the Board ; several of the Fire Brigade stations, 
&CC. Amongst his private works are the French Protestant Church, Bloomsbury; 
church, &c., at Queenhithe ; the memorial tower to the Earl of Ellesmere ; 
Dyfiiyn in Merionethshire ; the restoration of the north transept of Rochester 
CathMral; All Saints’ Church, Ennismore Gardens; the pedestal and sphinxes 
for the Cleopatra’s Needle, &c. Died November 12, 1886, aged 69. 

388. Gxorob Goldxb of York, — He was pupil, and then partner with Messrs. Hadfield 

and Weightman of Sheffield. He removed to London, and designed the ChurcJi 
of St. Wilfrid, at York ; the Pro-Cathedrals at Kensington, at Durban in Natal, 
and at Middlesborough ; the Cathedral at Sligo ; the Church of St. John of Jeru- 
salem, in Great Ormond Street ; Upsali Castle, and Weston Manor in the Isle of 
Wight; and many Roman Catholic churches, &c. Died March 1, 1887, aged 69. 

889. Victor Marie Charles Ruprich-Robert of Paris. — He designed the Ch^ch of 
Flers ; the restoration of the OhAleau d’Amboise; the Church of Ste. Trinity at 
Caen ; the Church of Ouistreham in the Calvados diocese. Besides Flore Monu- 
mentale,” 1 866, and the monograph on the Church and Monastery of Val d6Gr4ce, 
1876, he had nearly completed a great work on “Norman Architecture in 
Normandy and England.” Died May 7, 1887, aged 67. 

390. Sir Horace Jonbs of London. — Ooromeucing practice in 1846, he designed the 
British and Irish Magnetic Telegraph Company’s offices, Threadneedle Street ; 
the Sovereign Assurance office, Piccadilly ; Royal Surrey Music Hall ; Cardiff 
Town Hall ; Caversbam Park, and other buildings, warehouses, residences, Ac. ; 
and was surveyor to several estates. In February 1864 he was appointed archi- 
tect to the Corporation of the City of London, which office he held for twenty- 
three years, for whom he designed, 1868, the Central Meat Market ; 1876, tho 
Poultry and Provision Market ; 1883, the Fruit Market; 1871, the Forei^ Cattle 
Market at Deptford ; 1877, the reconstruction and enlargement of BUTlngsgate 
Market ; and 1882, the rebuilding of Leadenhall Market, with lar^ additions, 
&C., to ^6 Islington Cattle Market. He also completed, 1864, the City Lunatic 
Asvlum at Dartford ; designed, 1864, the new roof and other works to the Guild- 
hali; 1872, the libiRry and museum, and 1884, the new council chamber. 
Several stations for the City police ; artisans* dwalH^ in Farringdon Road ; 
bsscule bndge over the river Thames beyond the Tower, oommenceid 1886, with 
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J. W. BaiTy as engineer ; the Guildhall School of Music ; and the Temple Bar 
Memorial, are among his later designs. In 1882-83 he was President of the 
Royal Institute of British Architects. Died May 21, 1887, aged 68. 

391. Daniel Ramek of France. — Much occupied for the Monuments Historiques” of 

France. Restored the Palais de Justice at Beauvais; the Church of St. Vulfran 
at Abbeville, Notre Dame de Noyon, the Church of St. Riquier, that at Senlis, 
and many others. He published ** Histoire G4n6rale de TArchitecture/* 8vo., 
1843 ; 2nd edit 1862 ; and many others named in the list of publications in this 
Encyclopcedia. Died September, 1887, aged 81. 

392. Edward I’Anson of London. — President of the Royal Institute of British Archi. 

tects at the time of his death, January 30, 1888, aged 76. 

393. George Godwin of London. — Edited *'The Builder” from 1845 (vol. iii.), for 

nearly forty years, retiring in October 1883. — Died January 27, 1888, aged 73. 

394. Sir James Allanson Picton of Literpool, — where he designed Fenwick Cham- 

bers, Tower Buildings, Corn Exchange, Brown’s Buildings, the Picton Reading 
Room, and other edifices. Author of a large number of publications, Including 
Memorials of Liverpool,” 2 vols., 1875. Died July 15, 1889, aged 84. 

395. John Turtle Wood of London, — “ whose antiquarian researches at Ephesus won 

for him an European reputation, and whose valuable services, unaided at 6rst, 
rescued from oblivion the site and remains of the famous Temple of Diana,” in 
May 1869. In 1853 he was appointed architect to tlie Smyrna and Aidin 
Railway ; commenced the tirst excavations at Ephesus in May 1863 ; and for the 
Temple in 1867. The pit dug out was 500 feet long, 300 feet wide, and 22 feet 
deep, and was abandoned in the spring of 1874. The 8nti()uities found by Wood 
are now in the British Museum. In 1877 he published ** Discoveries at 
Ephesus.” Died March 25, 1890, aged 69. 

396. Freiherr Fhieorich von Schmidt, of Vienna. — Studied at Stuttgart; 1843 went 

to Cologne and was employed as journeyman at the restoration of the cathedral ; 
1848 became master mason; passed 1856 as “ Baumeister” at Berlin ; gained 
third prize for the Vienna Votive Church; and first prize for the Berlin Town 
Hall. In 1857 was professor of architecture at Milan Academy, and charged with 
the restoration of the church of St. Ambrogio. 1859 became professor of Fine 
Arts at Vienna ; where he designed the La/arist Church ; also the Parish Church 
at Fimfhaus, and Church at Graz. In 1862 appointed architect at the restoration 
of St. Stephen’s Cathedral, at Vienna; where he designed the Town Hall, his 
masterpiece, the Sulinhaus (on site of the Ringtheater), and the Academic 
Gymnasium. He was ennobled September 12, 1883 ; and died January 23, 1891, 
aged 66. 

S97. John Gibson, of London.^Pupil of, and assistant to Sir C. Barry, R.A., in the 
Houses of Parliament. Commenced practice in 1844, and designed Bloomsbury 
Baptist Chapel ; the Imperial Assurance Office, Tbreadneedle Street ; National 
Provincial Bank of England in Tbreadneedle Street, and its branches at New- 
castle; in Piccadilly; at Middlesborough ; at Stockton on-Tees ; and at Sunder- 
land : Dobroyd Castk, Todmordeu ; Nutfield Priory, Surrey ; Town Hall at Toa- 
morden ; the buiHUngs for the Society for Promoting Christian Knowledge, in 
Northumberland Avenue; Messrs. Child’s Banking House, Fleet Street; and 
many other woHm. Died December 23, 1892, aged 75. 
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Alcock, J., 125, 210 
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Aldrich, H., 231 
Aleotti, G. B., 212 
Alessi, G., 169 
Algardi, A., 216 
Aloisiuft, 16 
Alonso, J. de, 96 
Alypiua, 12 
Aman, J., 298 
Amice, K., 144 
Ammanato, B., 1 95 
Andrea da Pisa, 72 

di Cione, 91 < 

A ndrouet du Cerceau, J . B,, 206 
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Angelo da Siena, 78 
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Ahtoine, J. D., 279 
Antoninus, 10 
Apollodorus, 7 
Aquete, D., 86 
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Arnold, 84 

Arnolfo di Cambio, 69 
Ashelev, H., 148 
Ashfield, J., 118 

Baccio d* A^olo, 161 
Baroszi da Vignola, 172 
Barry, Sir C., 888 
Batrachus, xxxy 


Bazhenov, V. I., 802 
Beauchamp, R., 116 
Bergamasco, II. 147 
Bergamo, B., H7 
Berham, H. de, 46 
Bernardino, A., 219 
Bernini, G. L., 217 
Berretini, P., 156 
Berretta, L., 140 
Berruguete, A., 179 
Bibiena, F. G., 266 

0. G., 267 

A. G., 258 

A. a, 259 

F. G., 260 

Blond, J. B. A.le, 244 
Blondel, F., 224 

J, F.,266 

Bbuet, G. A., 826 
Boccadoro, D., 134 
Boeblinger, IT. and M., 1 15 
BofFrand, G., 249 
Bolton. W., 126 
Bonano, 48 
Bonaventura, N,, 80 
Bonomi, J., 282 
Borromini, F., 216 
Boyden, \V., 74 
Bramante, 119 
Bramantino, 104 
Bray, Sir R., 116 
Brenna, V., 302 
Brettingbam, J., 267 

IL F., 268 

Briosco, A., 156 
Britton, J., 328 
Brosse, J. de, 208 
Brunellesco, 98 
Bulfinch, C., 809 
Banning, J. B., 838 
Buonarroti, M. A., 171 
Bnono, 88 

B., 146 

Buontalcnti, B., 198 
Bttskettts, 27 
BttStamente, B., 189 

Cagnola, L., 811 
Callias, xxii’ 


Callicrates, xiv 
Callimachus, xxvil 
Cambichc, J., 194 
CampbeU, C., 241 
Campero, J. dc, 150 
Canini^ L., 329 
Canonica, L., 842 
Canterbury, T. of, 77 
Carilepho ‘ 30 
Carr, J., 299 
Celer, 3 

Chambers, Sir W., 274 
Chambiches, M., 132 
Chelles, Jean de, 58 
Chersiphron, iv 
Chirosophus, vii 
Chri'ses, 18 
Ciccione, A., 106 
Cione, A. di, 91 
Cleodnmas, xxx 
Cloos or Clope, N., 101 
Cocceius Auctus, L., xli 
Cockerell. C. R., 810, 868 
Cole, J., 129 
Colechurcli, P. of, 46 
Contucci, A.. 146 
Cooley, T., 294 
Corbie, P. de, 61 
Cormont, T. de, 48 
^roebus, xix 
Cortone, D. de, 184 

P. da, 165 

Cossutius, xxxi 
^ito, R. de, 226, 242 
Coucy, R. de, 55 
Covarrubias, A. de, 164 
Cozzo, P., 42 
Cristodouloa, 102 
Cronaca, IL, 122 
Cteaiphon, iv 
Cyriades, 18 
Cyrus, xxxix 

Dance. G., 264 
^ Jtuut, G.» 288 
Daniel, 16 
Daphnii, r 
I Deane, T., 66t 
I Demetrius, iv 
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Dommguea A., 85 
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Dryell, J., 98 
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J., 200 

Durand, J. N. L., 804 

Eberliard, 24 
Eginhardus, 23 
Klmes, H. L., 318 
Elyas, 40 

Erlach, J. B. F. von, 238 
Ernulf, 33 

Erwin von Steinbach, 68 
Essex, J., 295 
Estienne de Bonneuill, 49 
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Artists, Ac. 8vo. 1844. The Geomet]^ and Optics of Ancient Architecture, illus- 
trated by examples from Thebes, Athens, and Borne. Folio. 1878. 
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Hugues d’Hancarville. 6 vols. Paris, 1787. 

Davis, N. Carthage and its Remains. 8vo. 1860. 

Dennis, J. The Cities and Cemeteries of Etruria. 2 vols. 8to. 1848. 
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text. 2 parts, folio. Madrid, 1869-86. 

Taylor. L Alhambra. 10 coloured plates, folio. Paris, 1853. 

C . Egypt, Holy Land, &c. 
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. ■' ■' Monuments divers recueillis en Egypte et en Nubie. Folio. Paris, 1872. 
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the Early Architecture of Ireland and Scotland. Folio. 1870. 

F, North and South Amebica. 

Bollaert, W. Antiquarian, &c., Researches in New Granada, Eqnador, Peru, and Chili, 
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Colling. J. K. Details of Gothic Architecture. 2 vols. 200 plates, 4to. 1851-56. 
Cotman, J. S. Architectural Antiquities of Norfolk. Folio, 60 plates. 1818. 

Architectural Antiquities of Normandy. 2 vols. folio. 1820-21. 
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Winkles, B. French Cathedrals. 4to. 1837. ' . 

Woillez, E. Arch5ologie des Monuments Religieux de I’Ancien Beauvoisis, depuis la 
V*j usque vers la fin du XII* Sifecle. Folio. Paris, 1842. 

Yriarte, C. Florence; Histoire, etc. Folio. Paris, 1868. Transl. by C. B. Pitman. 
Folio. 1882. Venise ; Histoire, etc. Folio. Paris, 1878. Transl. by F. J. Sitwell. 
4to. 1880. F. de Rimini, etc. 4to. Paris, 1883. 

Zanotto, F. H Palazzo Ducale di Venezia. New edition, 4to. Venezia, 1846-68. 
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Adam. W. Vitruvius Scoticus ; a Collection of Public and Private Buildings in Scotland. 

Folio, 160 plates. Edinburgh, 1720-40, and 1810. 

Adams, M. B. Artists’ Homes. Folio. 1883. 

Ashpitel, A., an4 Whichcord, J. Baths and Washhous“" “^’tion, 8vo. 1852. 
Baly, P. P. Baths and Washhouses. 4to. 1862. A^^ . 1853. 

Brace, H. G. Middle>class House Architecture. 8vo.*^^1881. 

6rettingham, M. Plans, &c., of Holkbam, in Norfolk. Folio. 1763. 

Burdett, H. C. Cottage Hospitals. 2nd edition, 8vo. 1880. . 
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Burn, R. S. Archit-ecture and Building ; a series of Working Drawings and Designs, 
with Essays by eminent Arcliitects. 65 plates, folio. Edinburgh, 1863-65. 

Campbell, C. Vitruvius Britannicus. 6 vols., the two last being a Continuation by 
Woolfe and Gandon. Folio. 1715, 1725, 1731, 1767^ 1771. 

Cape, G. A. Baths and Washhouses. 4to. 1864. 

Chambers, Sir W. Plans, Elevations, Sections, &c., of the Gardens and Buildings at 
Kew. Folio. 1767. 

Clarke, J. Schools and Schoolhouses. 27 plates, folio. 1852. 

Clayton, J. Parochial Churches of Sir C. Wren. 60 plates, folio. 1849-52. [1870. 

Cubitt, J. Church Design for Congregations; its Developments and Possibilities. 8vo. 

Downes, C., and Oowper, C. The whole Construction of the Building for the Great Ex- 
hibition of 1851. 4to. 1852. [8vo. 1860. 

Dwellings of the Labouring Classes ; their arrangement and construction ; by the Society. 

Eastlake, C. L. Hints on Household Taste in Furniture, &c. 8vo. 1872. 

Fletcher, B. Model Houses for the Industrial Classes. 2nd edition, 8vo. 1877 

Foulston, J. Public Buildings erected in the West of England. 4to. 1838. 

Fox, W. Baths and Washhouses. Folio. Liverpool. 1849. 

Fullarton, A. Grammar of House Planning. 4to. Edinburgh, 1864. 

Gibbs, J. Book of Architecture, containing St. Martin’s Church, &c. Folio. 1728. 

Designs for the Badclyffe Library at Oxford. Folio. 1747. 

Goldicutt, J. Heriot’s Hospital, Edinburgh, the Design of Inigo Jones. Folio. 1828. 

Hakewill, A. W. Thorpe Hall. 12 plates, folio. 1852. 

Hen n I eke. Bericht uber Schlachthauser und Viehmarkte. (Germany, England, nnd 
France.) Folio. Berlin, 1866. 

Hole, J. Homes of the Working Classes. 20 plates of the Model Villages of Akroydon, 
Copley, West Hill Park, Halifax, &c. 8vo. 1866. 

House Planning, Grammar of ; Hints on arranging and modifying Plans, &c. 12mo. 1864. 

Jebb, It. Report on the Construction and Ventilation of Pentonville Prison. 8vo. 1844. 

Jessop. Baths and Washhouses. 8vo. 1853. 

Jones, Inigo. Designs for Public and Private Buildings, by Kent. Folio. 1770. 

Kerr, R. An English Gentleman’s House; being Practical Hints for its Plan and 
Arrangement — containing descriptions of Houses adapted to various ranks and fortunes, 
from the Villa to the Palace, &c. 3rd edition, revised, 8vo. 1871. 

Laing, D. Plans of Buildings executed in various parts of England, including the 
Custom-House, Folio. 1818. 

Lassaulx, V. de, and Elliott, J. Street Architecture ; a series of Shop Fronts. 1855. 

Leeds, W. H. The Travellers’ Club-House, by C. Barry ; with Essay on Italian Archi- 
tecture. Folio. 1839. 

Lewis, J. Original Designs in Architecture, consisting of Plans, &c., of Public and Private 
Buildings in England and Ireland. 2 vols. folio, 61 plates. 1780-97. 

Libraries. Reports on Public Libraries. Folio. 1844. [8vo. 1878. 

Marshall, J. On a Circular System of Hospital Wards ; with Remarks by P. G. Smith. 

Mieklethwaite, J. T. Modern Parish Churches ; their Plan, Design, and Furniiure. 
8vo. 1874. 

Mitchell, R. Descriptions of Buildings erected in England and Scotland. Folio. 1801. 

Morris, F. 0. The Country Seats, &c., of Great Britain and Ireland. 6 vols. 4tu. 
1866-80. 

Mouat, F. J., and Snell, H. S. Hospital Construction and Management. 2 parts, 4to. 
1883-84. 

Keale, J. P. Views of the Seats of England, &c. Two series. 11 vols. 4to. 1818-29. 

Paine, J. Plans, Elevations, &c., of Noblemen’s and Gentlemen’s Houses in various 
Counties. Folio, 175 plates. 1783. 

Papworth, J. W. and W. Museums, Libraries, and Picture Galleries ; to which is ap- 
pended the Public Libraries Act, 1860, &c, 8vo. 1863. [1886. 

Potter, T. The Construction of Silos, and Compression of Green Crops for Silage. 8vo. 

Prisons. Report on Construction, &c., of Convict Prisons. 8vo. 1851. 

PuUan, R. P. The Architectural Designs of W. Burges. Folio. 1883 and 1887. The 
House of W. Burgee. Folio. 1886. 

Pyne, W. H. Royal Residences of Windsor Castle, St. James’s Palace, Carlton House, 
Kensington Palace, Hampton Court, Buckingham Palace, and Frogmore. 3 vols. 4to. 
100 coloured plates, 1819. 

lladclyffe, C. W. Blenheim Palace. Folio. 1842. 

Richardson, G. New Vitruvius Britannicus. 2 vols folio. 1802; 1808. 

Roberts, H. Dwellings for the Labouring Classes. Srd edition, 8vo. 1850. 

Description of H.R.H. Prince Albert’s Model Houses for Families. 8vo. 1851, 

Robins, £. C. Technical School and College Building. 65 plates, 4 to. 1887. 

Robinson, J. B. Shop Fronts of a plain and elaborate character, ito. Derby, 1870* 



1174 


PUBLICATIONS RELATINO 


Bobsoi}, E. R. School Architecture ; or, the Planning, Designing, and Furnishing of 
Schoolbouses. Sro. 1876. 2nd ^ition, 8vo. 1877. 

Snell, H. S. Charitable and Parochial Establishments. 4to. 1881. 

Circular Hospital Wards. Svo. 1885. 

and Smith, W. and J. Aberdeen Royal Infirmary. 4 to. 1887. 

Starforth, J. Designs for Villa Residences. 40 plates, 4to. Edinburgh, 1866. 

Des’gns for Villa Residences and Farm Architecture. 102 plates, 4to. Edin- 
burgh, 18b6. 

Stevenson, J. J. House Architecture. 2 vole. 8vo. 1880. 

Street, W. C. Steam Laundry Buildings and Machinery. 8vo. 1879. 

Taylor, A. T. The Towers and Steeples designed by Sir C. Wren. 8vo. 1881. 

Truefitt, Q-. Designs for Country Churches. 4to. 1860. 

Watts, W. Views of the Seats of the Nobility, &c., in England. 4to. 1779-90. 
Whittock, N. Shops Fronts of London ; their construction, decoration, &c. 4to. 1810. 
(See The Civil Engineer; The Builder ; The Building News; The Architect; and other 
Illustrated Journals in Class XXIII.) 

V. MODERN ARCHITECTURE.— R. Fbance and Belgium. 

Adam — , Leviel — , and Leblan. Recueil des Maisons modern es les plus remaniuables 
ex^cut^es a Paris. 66 plates, folio. Paris, 1858. 

Alhoy, M., et Lurine, L. Les Prisons de Paris. 8vo. Paris, 1 846. 

Armand, A. Plans, Coupes, et Elevations du Grand H6tel construit a Paris en 1861-2. 
Folio. Paris. 

Baltard, L. Paris et ses Monumens. Folio. Paris, 1803-5. [1864. 

Baltard, V., et Callet, F. Monographic des Halles Centrales do Paris. Folio. Paris, 
Barqui, F. L’ Architecture modertie en Franco. 120 plates. Folio. Paris, 1864-68. 
Baudot, A. de. ifiglises de Bourgs et Villages. 2 vols. 4to. Paris, 1867. 

Bcrty, A. La Renaissance Monumentale en France. Specimens de Composition et 
d’OrnementAtion Architectoniques ; Charles VIII k Louis XIV. 4to. Paris, 1861-62, 
Blandot, L. Maisons et feoles Communales de la Belgique. Folio. Paris, 1869. 
Blondel, J. B. Plan, Coupe, !]£l6vation et Details du nouveau March5 St. Germain. Folio, 
Paris, 1816. [Folio. Paris, 1814. 

Brogniart, A. T. Plans du Palais de la Bourse de Paris et du 0imeti6re Mont-Louis. 
Calliat, V. PjirallMe des Maisons de Paris, de 1860 a 1860. Folio. Paris, 1861-64. 

et lidiwux de Lincy. H6tol de Ville de Paris. 44 plates, folio. Paris, 1844. 

Decorations Interieures. New edition, 2 vols. folio. Paris, 1860. 

et Lance, A. Encycl,opedie d’Architecturo. 12 vol». 4to. Paris, 1861-62. 

Castermans, A. Parall61e des Maisons do Bruxelles, etc., constniites depuis 1830. Folio. 

Bruxelles, 1850-64. [Marseille, 1874. 

Coste, P. La Cath^drale de St. P^tersbourg. La future Cath5drale de Marseille. 8vo. 

Palais de la Bourse de Marseille. 8vo. Marseille, 1874. 

Daly, C. L’Architecture Priv5e au XIX® Si^cle; Maisons de Paris. 3 vols. folio. 
Paris, 1863-66. Second series, 3 vols. folio. Paris, 1872. Third series. See 
Decorations. Architecture Fun^raire ; Specimens de Tombeaux, Chapelles Fun6raires, 
MausoUes, Sarcophages, Stales, Croix, etc. Folio. Paris, 1871. 

Dardel, R. Monographie du Palais de Commerce 5difi6 a Lyon. Folio. Paris, 1868. 
D5daux. Chambre de Marie de MMici 8 au Palais du Luxembourg. Folio. Paris, 1838. 
Desjardins, J. Monographie de l’H6tel de Ville de Lyon. Folio. Paris, 1867. 

Gisors, A. de. Le Palais du Luxembourg. Jvo. Paris, 1847. 

Goetghobuer, J. P. Choix des Monuments, Edifices et Maisons les plus remarquables des 
Pays-Bas. 150 plates, folio. Ghent, 1827. [1868. 

Gourlier, C. Des Voies Publiques et des Habitations Particuli^res k Paris. 8vo. Paris, 
Grantham, R. B. G. Description of the Abattoirs of Paris. 8vo. 1860. 

Grim, A. Recueil de Maisons de Ville et de la Campagne. 4to. Paris, 1847-63. 

Her4, E. Plans, etc., de la Place Rm'alo de Nancy. 14 plates, folio. Paris, 1763. 
Isabey, L., et Leblanc, M. Villas, Maisons de Ville et de Campagne, comMsAes sur les 
motifs des Habitations de Paris Modeme, des XVP-XIX® Siicles. Folio. Paris, 
1864. [1821-28. 

Jolimont, F. G. T. de. Les Mausol^es Fran 9 ais dans Pire-la-Chaise. 4to, Paris, 
Krafft, J. C. Recueil de Architecture Civile, contenant les Plans, Coupes, et EUvations 
des Chateaux, Maisons de Campagne, et Habitations Rurales, etc. Folio, 121 plates. 
Paris, 1812. USOS. 

Legraud, J. G., et Landon, C. F. Description de Paris et de ses Edifices. 2 rols. Paris, 
Mariet^, P, J. L’Architecte Fran^ais, etc. Folio. Paris, 1727. Vol. 2. Paris, 1788. 

Continuation by Marot, J. Paris, 1727. [jPazi«7l8l2. 

Moisy, M. Fontaines de Paris, ancieones et nourellcs, par Dural. Polio, 69 platen, 
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Narjoux, F. Architecture Communale; Hdtels de Ville, Mairies, Maisona d’Ecole, 
Salles d’Asile, etc. 3 vols. 4to. Paris, 1870-81. 

Normand, A. L* Architecture des Nations Etrang&res, Exposition Unirerselle de Paris, 
1867. Folio. Paris, 1870. 

L. M. Monuments Fun^raires, choisia dans les Cimetiires de Paris et des Prin- 

cipales Villes de France. 3 parts, folio. Paris, 1832-36, (1847), and 1860. 

L., et La Croix. Paris Moderne ; ou Choix de Maisons. 3 vols. 480 plates, 4to. 

Paris, 1837-38-46. 

Paris. Les Eglises de Paris. 8vo. Paris, 1843. 

Maisons les plus remarquables de Paris construites pendant les trois derni^res 

ann4es. J'olio. Paris, 1870. 

Patte, P. Etudes d’Architecture. 4to. plates. Paris, 1766. 

Penot, A. Les Cit4s Ouvri6res de Mulhouse et du D^partement du Haut-Rhin. 8vo, 
Mulh., 1867. 

'Pfnor, R. Monographie du Palais de Fontainebleau. Folio. Paris, 1861 and 1866. 

Architecture, Decoration et Ameublement de repoqiie de Louis XVI. Folio. 

Paris, 1864. 

Raraee, D., et Roguot, F. Palais de Fontainebleau depuis les XVI* et XVII* Si6cles, 
Folio. Paris, 1869-Sl. [Folio. Paris, 1868. 

Roguet, F. Choix de Chateaux, Palais et Maisons de France du XV* au XVIII* Si^le. 

Rohault de Fleury, C., fils. Museum d’Histoire Naturelle k Paris. Folio. Paris, 1844. 

Rudd, J. B. Collection de Plans, etc., des Principaux Monuments de la Ville de Bruges 
depuis le XIV* jusqu’au XVII* Si^cle. 28 plates, folio. Bruges (1824). 

Sauvageot, C. Palais, Chateaux, Hotels et Maisons de France, du XV* au XVIII* 
Si^cle. 4 vols. plates, folio. Paris, 1867. [1874-76. 

Viollet-le-Duc, E. E., and Narjoux, F. Habitations Modernes. 2 vols. folio. Paris, 


V. HOBEBN ARCHITECT17BE.— C. Cermany, &c. 

Chateauneuf, A. de. Architectura Publica. 14 plates, folio. Berlin. 1860. 

Gartner, F. von. Sammlung der Entwiirfo ausgefuhrtor Gebiiude. 2 vols. folio. Munich, 
1844-47. 

Heideloff, C. A. von. Architectonische Entwiirfe und ausgefiihrto Bauten im Byzantin- 
ischen und Altdeutschen Styl. 2 vols plates, folio. Niirnberg, 1861. 

Hochstettor, J. Architectonische Ausfiihrungen. 6 parts, folio. [1866, 

Hoffmann, A. W. Chemical Laboratories in the Universities of Bonn and Berlin. 4to. 
Klenze, L. von. Anweisung zur Architectur des christlichen Cultus. 36 plates, folio. 
Miinchen, 1837. 

Sammlung architoctonischer Entwiirfe. 60 plates, folio. Miinchen, 1847. 

Knoblauch, G., and Hollin, F. Die neue Synagogue in Berlin. Folio. Berlin, 1867. 
Metzger, E. Formenlehre zur Rundbogen- Architectur, Folio. Miinchen, 1861. 

Moller, G. Entwiirfe ausgefiihrter und zur Ausfiihrung bestimmte Gebaude. 29 plates, 
folio. Darmstadt, 1826-31, 

Prussian Government, Vorlegeblatter fur Baumeister. 4to. and folio. Berlin, 1844. 
Raczynski, A, Histoire de I’Art Moderne en Allemagne. 3 vols. folio. Paris, 1836-41. 
Schinkel, C. von. Sammlung architectonischer Entwiirfe. Large folio. 174 plates. 
Berlin, 1819-48. 

Stieglitz, C. Plans et Dessins tir^s de la Belle Architecture (England and France). 113 
plates, folio. Liepzig and Moscow, 1801. 

Stiiler, A. Das neue Museum in Berlin. Folio. Potsdam, 1860. Das neue Univer- 
sitats-gebaudo zu Konigsberg. Folio. Berlin, 1866. Die burg Hohenzollern. 
Folio. Berlin, 1866. , 

Titz, E. Architectonische Mittheilungon aus der Neuzeit Berlins. 2 parts, folio. Berlin, 
Unger, J., and Voigt. Collection of Sketches of Private Houses and Municipal Buildings, 
principally executed at Munich. Folio. Munich, 1860. 


V. MODERN ABCHITECTDEE.-D. Spain, Italy, Russia, &c. 

Prado, J. d^ S. J. do. M!onumento sacro da Fabrica do Real Convento de Mafra. FoliSk 
Li8W,.1761. 

Haczyoskb A, Les Arts en Portugal. 8vo. Paris, 1846. 

► Dictionnaire Historico-Anistique de Portugal, pour faire suite k Touvrage ayact 
pour titre Les Arts en Portugal, 8vo. Paris, 1842. 

Vivian, ‘G. Sceneiy of Portnoi and Spain. 31 plates folio. 1839. 

-Sir' H. D. An Architect’s Note Book in Spain, principally illustrating 
Domestic Architecture of that Country. 4to. 1872. 
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Bonanni, P. P. TempM Vaticani Historia. Polio. Bomse, 1696. ^ [1808-16. 

Calderari, 0. Diaegni e Scritti d *Opere di Architettura. 90 platea, 2 vola. folio. Vicenza, 
Oallet, et Lesueur, J. B. C. Architecture Italienue; ou Palais, Maisons, et autres 
Edifices dTtalie. Folio. Paris, 1827. 

Cassina, F. Le Fabbriche piii cospicue di Milano. Folio. Milap, 1840-44. 

r Italia Monumentale ; Galleria delle principali Fabbriche Antiche e Mcderne 

d* Italia. 2Dd edition. Folio. Milan, 1870. 

Cicognara, L. Le Fabbriche pifi cospicue di Venezia, misurate, illustrate, ed intagliate. 
2 vols. large folio. Venezia, 1816. 

Clochar, P. Palais, Maisons, et Vues dTtalie. Folio, 102 plates, Paris,] 809. 

Costa, G. Delizie del Fiume Brenta, espresso ne’ Palazzi e Casini situate sopra le sue 
Sponde. Folio. Venezia, 1750. [Folio. Paris, 1768 

Dumont, G. M. (Euvres d’ Architecture ; contenant les Details de St. Pierre de Rome. 
Fontana, C. Templum Vaticanum, et ipsius Origo. Folio. Romse, 1694. 

Gauthier, M. P. Les plus beaux Edifices de la Ville de G6nes et de ses Environs, Folio. 
Paris, 1824-1830. 

Geymiiller, H. de. Les projets primitifs pour la Basilique de S. Pierre de Rome. 4to. 
and folio. Paris, 1875-80. 

Grand] ean de Montigny, A., et Famin, A. Architecture Toscano. Folio, 73 plates. Paris, 
1837. New editions, 1846; and 1876. 

Guarini, G. Architettura Civile. 2 vols. folio. Turin, 1737. 

Guarino, C. G. Disegni d’ Architettura. Folio. Turin, 1686. 

Gwilt, .T. Notices of the Buildings of Architects of Italy. 8vo. 1818. [1826-89. 

Hittorif, J., et Zanth, L. Architecture Moderne de la Sicilc. Imperial folio. Paris, 
Isabelle, C. E. Parallele des Salles Rondes de ITtalie. 2nd edition, folio. Paris, 1863. 
Landi, — . Raccolta di alcune Facciate di Palazzi e Cortili di Bologna. Folio. Bologihv. 
Letarouilly P. Edifices de Rome Moderne. 3 vols. folio, text 4to. Paris, 1829-66. 

Le Vatican et la Basilique de Saint Pierre de Rome. 3 vols. folio. Paris, 1882. 

Magrini, A. II Palazzo del Museo Civico in Vicenza. 4to. Vicenza, 1865. 

• Les BAtimens et Desseius receuillis et illustres, par Ottavio Bertotti Scamozzi. 

In French and Italian. 4 vols. folio. Vicenza, 1787. 

Palladio, A. L* Architettura di. Folio. Venezia, 1642. 

Parker, C. Villa Rustica ; selected from Buildings in the Vicinity of Rome and Florence, 
and arranged for Lodges, Dwellings, and Schools. 3 vols. 4to. 1849. 

Percier, 0 , et Fontaine, P. F. L. Choix des plus c415bres Maisons do Plabnnce de Rome 
ot de ses Environs. 76 plates, folio. Peris 1824. [Firenze, 1830. 

Pieraccini, F. La Piazza del Granduca di Firenze co’ suoi Monument!. Folio, plates. 
Price, L. Interiors and Exteriors in Venice. Folio. 1843. 

Konzani, F., 0 Luciolli, G. San Michele; Fabbriche Civile, Ecclesiastiche e Militari. 
147 plates, folio. Venezia, 1832. 

Rossi, G. J. Raccolta di Fontane nell’ almaCittil di Roma, Tivoli e Frascati. 4to. Rome. 
Rossini, L. Scenografia degl’ Interni dolle pifi belle Chiese e Basiliche antiche di Roma. 
Folio. Rome, 1849. 

I Monumenti piii interessanti di Roma dall’ X. Sec. sino al XVIII. Folio. 

Rome, 1818. 

Rupp, L. Chiese Principali d’ Europa (11 buildings). Folio. Milan, 1824. 

Sacchi, A. Architettura Practica — le Abitazioni. Folio. 1874. 

Sanmichele, M. Porte di CittA e Fortezze, Depositi Sepolcrali, ed altre principali Fab- 
briche pubbliche ed private, da F. Albertolli. Imperial folio. Milan, 1816. 

Su>8, F. T., et Haudebourt, L. P. Palais Massimi a Rome; Plans, Coupes, i^lAvations, 
Profiles, Vofites, Plafonds, etc. 43 plates. Paris, IS 18. 

Tosi, F. M., and Becchio, A. Altars, Tabernacles, and Sepulchral Monuments of the 
XIVth and XVth Centuries existing at Rome. Italian, French, and English text by 
Mrs. S. Bartlet. Folio. Ls^y, 1843. 

Valentini, A. Le Quattro principali Basiliche di Roma, 2 vols. folio. Rome, 1836-46. 
Yriarte, C. See IV. B. 

Coste, P. Monuments Modemes de Perse. Folio. Paris, 1866. 

Domidoff, A. de. Excursion Pittoresque et Archeologique en Russie, etc., en 1839. 

Folio. Paris. [1864. 

Kiprianoif, V. Histoire Pittoresque de TArchitectiire en Russie, etc. 8ro. Petersbiug, 
Quarenghi, G. Edifices construites k St. PAtersbourg. Folio. 6t. PAters., 1810. 

Fabbriche e Disegni. Folio. Milano, 1821. [1846-48. 

Bicard de Montfemnd, A. OathAdrale de St. Isaac k St. PAtersbourg. Folk). Paids, 
Kusca, L. Becueil des Dessin^ de difl^rens BAtimens construits k St PAtembonig, etc. 
180 plates, large folio. St. FetenAnll^, 1804-10. 

" i. 
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Denmark. Danmark Fremstillet i Billeder. 74 plates, folio. Kjobedhayen, 1860. 
Qraffenri^ uud Stiirler, M. von. Sehweizerische Archi^ktuh French and German text. 
2iid edition, folio. Berne, 1847. ‘ 

Hochstettor, J. Schweizerische Architectur in perspectivischen Ansiehten, etc. Folio. 

Carleruhe, 1868. ^ 

Tarin, A. et E. L* Architecture Pittoresque en Suisse, on Choix de Constructions Rus- 
tiques prises dans toutes les parties de la Suisse. 4to. 1860. 

Barnard, H. School Architecture, with Illustrations of the most approved Plans. 6th 
edition, 8vo. Hartford, TJ.S. 1854. 

Stricklani W. Public Works in the United States of America. 8vo. 1841. 


VI. THEATEES. 

Arnaldi, Conte E. Idea di un Teatro nelle principal! sue Parti simile a’ Teatri Antichi 
all’ Uso moderno accomodato. 4 to. Vicenza, 1762. 

Beccega, T. C. Sull’ Architettura Greco-Romano applicata alia Costruzione del Teatro 
moderno Italiano e suUe Macchine Teatrali. Folio. Venezia, 1817. 

Borgnis, J. A. Des Machines Imitatives et des Machines Th^&trales. 4to. 27 plates. 
Paris, 1820. 

Boullet. Essai sur I’Art de construire les Th^dtres, leurs Machines et leurs Mouvemeas, 
4to. plates. Paris, 1801. 

Cavos, A. Trait4 sur la Construction des Th^5.tres. 21 plates, 4to. Leipzig, 1849. 

Grand TheAtre do Moscou. 1860. 

Contant, C., et Filippi, J. de. Parall^le des Principaux ThAAtres Modernes de I’Europe, 
et des SystAmes de Machines ThAAtrales Fran^aises, Allemandes et Anglaises. 134 
plates, 2 vols. folio. Paris, 1840-42. 

Daly, C., et Davioud, G. ThAAtre Imperial du ChAtelet. ThAAtre Lyrique. Folio. 
Paris, 1871. 

Descrizione del Nuovo Sipario dell’ Imperiale Regio Teatro della Scala in Milano. Small 
folio. Milano, 1821. 

Donnet. A., et Kauffman, J. A. ^ Architectonographie des ThAAtres de Paris ; ou ParallAle 
Historiqueet Critique de ces Edifices, considAres sous le Rapport de TArchitecture et de 
la DAcorstion. 2 vols. 8vo., plates 4to. Paris, 1837. 

Dumont. ParallAle de Plans des Salles de Spectacle d’ltalie et de France, avec des 
DAtails de Machines ThAAtrales. Imperial folio, 61 plates. Paris, 1774. 

Fontanosi, C. F. Decorations for Theatres ; or, Designs for Scene Painters. F»^lio, 
24 plates. 1813. 

Galliari. DAcorations de ThAAtre. Folio, 24 plates. Milan. 

Gamier, C. Le Nouvel OpAra de Paris. Text 2 vols. folio. Paris, 1878-81. Plates 
6 vols. folio. Paris, 1875-80. 

Giorgi Felice. Descrizione Istorica del Teatro di Tor di Nino. 4to. 9 plates. Rome, 
1796. 

Gosset, A. Construction des ThAAtres. Folio. Paris, 1886. 

Kammerling, H. Das Victoria-Theater zu Berlin. Folio. Berlin, 1861. 

LachAz, T. Acoustique et Optique des Salles de RAunions Publiques, ThAAtres et Amphi- 
thAAtros, etc. 8vo. Pans, 1848. 

Landriani, P. Osservazioni sui Defetti prodotti nei Teatri dalla cattiva Costruzione del 
Palio ^nico, e su alcune inavvertenze nel dipingere le Decorazioni. 4to. 9 plates. 
Milano, 1815. 

Langhans, C. F. Das Victoria-Theater in Berlin. 4 plates, folio. Berlin. 

Louis, V. Salle de Spectacle de Bourdeaux. Atlas folio, 21 plates, containing plans of 
several other theatres. Paris, 1782. 

Magno, A. Monographie du ThAAtre du Vaudeville ArigA par la Ville de Paris sous la 
direction de. Folio. Paris, 1871. 

Morelli, C. Pianta e Spaccato del nuovo Teatro d’lmola. Folio, 19 plates. Roma, 1780, 

Patte, P. Essai sur I’Architecture ThAAtrale. 8vo. Paris, 1782. 

Saunders, G. Treatise on Theatres. 4to. 13 plates. 1700. Of little value. 

Schinkel, C. F. von. Theatre at Hambhrg. 6 plates, Berlin, 1828. 

Semper, G. Das konigliche Hoftheaterzu Dresden. Folio. Brunswick, 1849. 

Strack, J. H. Das altgriechische Theatergebaude, nach sammtlicheii bekannten Ueber- 
resten. Folio. Potedam, 1843. 

Titz, E, Das neue Victoria-Theater in Berlin. 24 plates, folio, 1861. 

Ware, S. Remarks on Theatres, and on the Propriety of Vaulting them with Brick and 
Stone. Bro. phtm 1809. 

Wyatt, B. On the Rebuilding of Drury Lmi^ TNlirfr. 4to. plates, 1812. 
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vn. BUBAL ABCHXTXCIUBS, GABBEBS, 8TABL1HO, Ac. 

Alphand, A. Les Promenades de Paris, Bois de Boulogne, et de Yincennes, etc. 2 rols. 

folio. Paris, 1874. [8vo. 1852. 

Andrews, G. H. Construction of Agricultural Buildings of every Description. 3 vols. 
Birch, J. Examples of Labourers* Cotteges. 8vo. Ih71. 

Blackburn e, £. L. Suburban and Hural Architecture; English and Foreign. 1865. 
Chateauneuf, A. de. Architectura Domestica. Folio. 1830-40. [1849. 

Dean, G. A. Construction of Farm Buildings and Labourers’ Cottages. 4to. Stratford, 

Series of Selected Designs for Country Residences, Lodges, &c., erected for 

the Prince Consort, Earl of Leicester, Ac. 4to. 1867. 

Denton, J. B, Farm Homesteads of England. 2nd edition, 75 plates, 8vo. 1865. 
Downing, A. J. Architecture of Country Houses; with Remarks on Furniture, &c., and 
Warming and Ventilating. New edition, 8vo. New York, 1862. [York, 1863. 

Architecture of Cottage Residences, with Additions, &c. New edition, 8vo. New 

Theory and Practice of Landscape Gardening ; with a view to the Improvement 

of Country Residences ; with Remarks on Rural ALrchitectnre. 4th edition, 8vo. New 
York, 1849. 

'Fawkes, F. A. Horticalt^^ Buildings. 8vo. 1881. 

Gray, W. J. Rural ArchSpture ; Plans, &c., of Farmhouses, Cottages, Schools, Gates, 
Railings, &c., with Specifications. 8vo. Edinburgh, 1853. [ton, 1849. 

Hartshorne, C. H. Labourers’ Cotttiges on Estates of Duke of Bedford. 8vo. Northamp- 
Hints on Ornamental Gardening; DesMs for Garden Buildings, &c. 8vo. 1823. 
Hughes, J. A. Garden Architecture and Landscape Gardening. 8vo. 1866. [ciety. 1867. 
Isaac, T. W. P. Essay on Labourers’ Cottages ; prefhiated by the Royal Agricultural So- 
Isabey, L., and Leblanc. Villas, Maisons de Ville et de Campagne, compos4es sur les 
motifs des habitations de Paris Modernes. Folio. Paris, 1864-67. 

Kemp, E. How to lay out a Garden : Plans, &c. New edition, 8vo. 1864. 

Kerr, R. A small Country House; the Planning of a Residence to cost from 2,000/. to 
Knightley, T. E. Stable Architecture. Folio 1862. [6,000/. 8vo. 1878. 

Kraffi;, J. C. Plans des plus beaux Jardins Pittoresques de France, d’Angleterre, et 
d’Allemagne, et des Edifices, Monumens, Fabriques, etc., qui concourent a lent Em- 
bellissement, dans tons les Genres d’ Architecture, 2 vols. oblong 4to. Paris, 1809. 

Recueil d’Architecture Civile, contenant les Plane, Coupes, et Elevations des 

Chateaux, Maisons de Campagne, et Habitations Rurales. Folio. Paris, 1809. 
Loudon, J. C. Encvclopsedia of Cottage, Farm, and Villa Architecture. 8vo. 1830. 

Encyclopaedia of Gardening, &c. New edition, 8vo. 1850. 

Macintosh, C. The Book of the Garden. 2 vols, 8vo. Edinburgh and London, 1852, 
Major, J. Theory and Prrtctice of Landscape Gardening. 4to. 1862, 

Menzies, W. Cottages for Rural Districts. 8vo. 1886. 

Miles, W. General Remarks on Stables and Examples of Stable-Fittings. 8vo. 1860, 
Morton, T.C. The Prince Consort’s Farms. 4to. 1863. 

Normand, C. Recueil vari4 de Plans et de Faqades, Motifs pour des Maisons de Ville et 
de Campagne. Folio, 53 plates. Paris, 1816. 

Papworth, J. B. Rural Residences : a Series of Designs for Cottages, Decorated Cottages, 
smaU Villas, &c. 8vo. 1832. [8vo. 1823. 

Hints on Ornamental Gardening; Designs for Garden Buildings, &c, 29 plates, 

Repton, H. Landscape Gardening, &c. The entire works, edited by J. C. Loudon. 

I^ew edition, 8vo. 1842. [bird. Srd edition, 8vo. 1863. 

RhAm, W. C. Dictionary of the Farm, with Supplement. Revised by W. and H. Rayn- 
Richardson, C. J. Englishman’s House, from a Cottage to a Mansion. 8vo. 1870. 
Robinson, P. F* Rural Architecture ; or, a Series of Designs for Ornamental Cottages. 
4to. 1823. Ornamental Villas. 4to. 1837. Village Architecture. 4to, 1837. 
Farm Buildings. 4to. 1887. 

Robinson, W. Parks, Promenades, and Gardens of Paris, described and considered in 
’ relation to wants of our own ci tips. 8vo. 1869. 

Robson, G. Modern Domestic Building Construction. Folio. 1876. 

Siebeck, R. Art of Landscape Gardening, represented in a Plan and elucidated by the 
Determining Motives. Translated by B. H. Westley. 6 plates, 4to. 1862. 

Picturesque Garden Plans. 24 coloured plates, folio. 1864^ 

Bmitb, 0. H. J. Parks and Pleasure Grounds ; Practical Notes on Country Residences, 
Villas, Ac. 12mo. 1862. 

Standisb, J., and Noble, C. Practical Hints on Planting Ornamental Trees. 8to. 1862. 
Btarforth, J. Architecture of the Farm ; being a Series of Designs for Farmhouses, 
Factors* Houses, Agricultural Labourers* Cottles, and Farmsteadings. 4to. 1868. , 
Stephens, H., and Burn, R. S. 3ock of Farm Buildings : their Arrangement and Con* 
siruction. 8vo. Edinburgh, 1861 ; and 1871. 
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Strickland, C. W. Cottage Construction and Design. 18 plates, 8ro. 1864. 

Tattersall, G. Sporting Architecture. 4to. 1842. 

Thomson, J. Retreats ; a Series of Designs. 4to. 1888. 

Vaux, 0. Villas and Cottages: a Series of Designs prepared for Execution in the 
United States. 8ro. New York and London, 1S67. 

Villa and Cottage Architecture. Published by Blackie. 4to. Edinburgh, 1869, 1880. 
Vincent, J. Country Cottages; Designs for Improved Dwellings for Agricultural 
Labourers. 20 plates, 2nd edition, 4to. 1860. [1846, 

Walter, *T. U., and Smith, J. J Cottage and Villa Architecture, 6cc. 4to. Philadelphia^ 
Weaver, H. Hints on Cottage Architecture; Designs for Labourers’ Cottages, singly, in 
pairs, and in groups. 2nd edition, folio. Bath, 1850. 

Hints on Villa Architecture ; Selection of Designs for Schools, Cottages, and 

Parsonage Houses. 10 plates, folio. 

Wickes, C. Handybook of Villa Architecture. 61 plates, 4to. 1887. 

Wilkinson, W. English Country Houses ; Practical Treatise on House Building. 4to. 
Oxford, 1870, 1875. 

VIU. HISTORY OF ARCHITECTUBF, THEORY, See. 

Barry, E. M. Lectures on Architectur^; with Memoir. 8vo. 1881. ^ 

Batissier, L. Histoire de I’Art Monumental dans I’Antiquiti et au Moyen Age, suivie 
d’un Trait5 sur la Peintuie sur Verre. 2nd edition, revised, 8vo. Paris, 1860. 
Charteau, L. Histoire et Caract5res de rArchiiecture en France depuis I’^poque Druidique 
jusqu’A nos jours. 8vo. Paris, 1864. 

Cousin, J. G5nie do I’Architecture. 4to. 60 plates. Paris. 

Donaldson, T. L. Architectural Maxims and Theorems. 8vo. 1847. 

Durand, J. N. L, Recueil et Parall5le des Edifices de tous Genres, anciens et modernes. 

Folio, 90 plates, and 8vo. text by Le Grand. Paris, 1801-9. [8vo. 1855-62. 

Fergusson, J. Handbook of Architecture ; a History and Description of all Styles. 3 vols. 

Historical Inquiry into the True Principles of Beauty in Art, 8vo. 1849. 

History of Architecture in All Countries, from the Earliest Times to the 

Present Day. 2vo1b. 8vo. 1862-67. Modern Architecture. 2nd edition, 8vo. 1874. 

Rude Stone Monuments in All Countries; their Age and Uses. 8vo. 1873. 

Freeman, E, A. History of Architecture. 8vo. 1849. 

Gailhabaud, J. Monuments anciens et modernes, consisting of plans, &c., of the most 
remarkable edifices in the world. Four series, 4to. Paris, 1842-62. 

L’Art dans ses Diverts Branches, ou I’Architecture, la Sculpture, &c., chez tous 

les Peuples et A toutes les Epoques Jusqu’en 1789. 4to. Paris, 1861. 

Garbett, K L. Treatise on the Principles of Design in Architecture. 12mo. 1860. 

Gwilt, J. Rudiments of Architecture, Practical and Theoretical. 8vo. 1826. 
Henszlmann, Dr. Theorie des Proportions appliqu^es dans I’Architecture depuis la XID 
Dynastie des Rois 5gyptiens jusqu’au XVD Si5cle. Folio, text 4to. Paris, 1860. 
Part 1 only. 

Hope, T. Historical Essay on Architecture. 3rd edition, 8vo. 1840. 

Isabelle, C. E. Les Edifices circulaires et les Domes. 77 plates, folio. Paris, 1843-55. 
Kugler, F. Denkmaler der Kunst ; by Voit, Guhl, and Caspar. Folio. Stuttgart, 1846. 

Handbuch der Kunstgeschichte. 8vo. Stuttgart, 1848. 

Geschichte der Baukunst. 3 vols. 8vo. Stuttgart, 1869. 

Law, H. Rudiments of Civil Engineering. 12mo. 1862. 

Lef5bre. Marvels of Architecture, translated by R. Donald. 8vo. 1870. 

Le Grand, J. G. Essai sur I’Histoire G^nirale de I’Architecture 8vo. Paris, 1819. 

This is the text to Durand’s “ Parall^le.” 

Lesueur, J. B. Histoire et Th5opie de TArchitecture. 8vo. Paris, 1879. 

Lloyd, W. W. General Theory of Proportion in Architectural Design. 4to. 1863. 
Liibke, W, Geschichte der Architectur. 2nd edition, 8vo. Cologne, 1858. Translated 
by F. E. Bunnett. 2 vols. 8vo. 1868. 

Montfau 9 on, B. de. L’ Antiquity Expliqoee et Represented en Figures. 6 vols. folio. 

Supplement, 6 vols. folio, 964 plates. Paris, 1729-33. 

Nicholson, P. Principles of Architecture. 3 vols. 8vo. 1836. 

Otte, H. Handbuch der Kirchlichen Kunst: Archaologie des Deutschen Mittelnlters. 

8vo. Leipzig, 1864. n846. 

Oudin, J. Manuel d’Archeolf^gie Religieuse, Civile et Militaire. 2nd edition, &vo, Paris, 
Paley, F. A. Manual of Gothic Architecture. 8vo. 1846. 

Patte, P, Memoires d’Architecture. 4to. Paris, 1769. 

Petit, J, L. Remark# on Architectural Character. Folio^ Oxford, 1846. 

Pods, G. A. History of Ecclesiastical Architecture in England. 8vo. 1848. [1862. 

" .I - Churches, their Structure, Arrangement, and Decoratiofn. 8rd edition, 18mOi 
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Pugin, A. W. N. The True Principles of Pointed or Christian AircMt^U|:'e. 4to, 1841. 

Contrasts ; or, a Parallel between the Edifices of the XlVth andXVth Centuries 

and the Present Day. 13 plates, new edition, 4to. 1841. [Paris, 1870-72. 

Bam4e, D. Manuel ae THistoire 04n4rale de 1* Architecture. 2nd edition, 2 vols. 12m0. 
.. Histoire de TArchitecture en France depuis les Remains juequ’au XVI* Si^cle. 

12mo. Paris and Leipzig, 1846. [York, 1887. 

Reber, F. von. History of Ancient Art : and History of Mediaeval Art. 8vo. Neyv 
Reynaud, L. Traits de 1’ Architecture, nontenant des Notions G^nerales sur les Principes 
de la Construction et sui^ I’Histoire de I’Art. 82 plates, folio. Paris, 1860. 

Rickman, T. Attempt to Discriminate the Styles of English Architecture. 6th edition, 
with additions by J. H. Parker. 8vo. Oxford, 1862. 7th edition, 1881. The 4th 
edition of 1885 contains the Topographical List of Buildings. 

Royal Institute of British Architects. Transactions. 2 parts, 4to. 18 "^7 and 1842. 

Sessional Papers. 31 vols. 4to. 1663-84. New series, 4to. 3 vols. 1886-87* 
Ruskin, J. Seven Lamps of Architecture. 8vo. 1849. 

Scott, L. The Renaissance of Art in Italy. 4to. 1883. [1869. 

Scott, Sir G. G. Remarks on Secular and Domestic Architecture. 2nd edition, 8vo. 

Lectures on the Rise and Development of Mediaeval Architecture. 2 vols. 8vo. 

1879. m . . 

Seroux, D’Agincourt. Histoire de I’Art par les Monumens. 6 vols. folio. Paris, 1823. 
Smith, T. R. Gothic and Renaissance. 8vo. 1884. 

and Slater, J. Classic and Early Christian. 8vo. 1882. 

Viollet-le-Duc, E. E. Entretiens sur I’Architecture. 2 vols. 8vo. Paris, 1863-72. 
Plates, folio. 1864. Translated by B. Bucknall. 8vo. 1877. 

Compositions et Dessins. Folio. 1881-84. 

— Habitations of Man in all Ages. Transl. 8vo. 1 876. 

Histoire d’un H6tel de Ville et d’une CathMrale. 8vo. Paris, 1882. [1886. 

White, W. H. The Past, Present, and Future of the Architectural Profession. 12mo. 

Architecture and Public Buildings ; their Relation to School, Academy, and 

State, in Paris and London. 8vo. 1884. [Munich, 1827-31. 

Wiebeking, C. F. von. Architecture Civile. Text, 7 vols. 4to., and plates folio, 
Winckelman, J. J. Remarques sur TArchitecture des Anciens. 8vo. Paris, 1783. 

- — de r Art chez les Anciens. 8 vols. 4to. Paris, 1790. 

Monumenti Antichi Inediti, 2 vols. folio, 184 plates. Napoli, 1820. 

Woods, J. Letters of an Architect. 2 vols. 4to, 1828. 


IX. ELXXEKTABT WORKS, ORDERS, DETAILS, XODIDINOS. 

Alberti, Leo Eapt. Libri de Re .^dificatoria. Folio, Ist edition. Florence, 1485. 
Numerous later editions. 

. ■ Translated into English by G. Leoni. Folio. 1726-56. 

Androuet du Cerceau, J. Livre d’Architecture. Folio, 60 plates. Paris, 1662, 
Antoine,!. TraitA d’Architecture. 4to plates. Treves, 1768. 

Aviler, 0. A. d’. Cours d’Architecture. 4to. Paris, 1760. 

Barozzi da Vignola, G. (Euvres complfetea. Folio. Paris, 1823. 

Ordini d’ Architettura Civile. 4to. 44 plates. Milano, 1814. 

Blondel. J. F. Cours d’Architecture. 9 vols. 8vo. 300 plates. Paris, 1771-1777. 

Bullet, P. Architecture Pratique. 8vo. Paris, 1774. Edited by Mazois. Paris, 1824. 
Chambers, Sir William, The Decorative Part of Civil Architecture; with Essay on 
Grecian Architecture, and other Additions, by J. Gwilt. 2 vols. imp. 8vo. 66 plates. 1823. 

Treatise on the Decorative Part of Civil Architecture ; with Essay on Grecian 

Architecture, by J. B. Pup worth. The original plates. Folio. 1826. 

Clerc, S, Le. Treatise on Architecture, translated by Chambers. 3 vols. 8vo. 1732. 
Detournelle, A. Projets d’Architecture. Folio, 60 or 120 plates. Paris, 1806-6. 
Durand, J. N. L. Le 9 on 8 d’Architecture. 2 tom. 4to plates. Paris, 1819. 

Partie Graphique des Cours d’Architecture. 4to. 84 plates. Paris, 1821. 

Evelyn, J. Parallel of Ancient and Modem Architecture ; translated from R. Freart. 
Folio. 1680. Folio. 1723. 

Folibien, M. Principes de rArchitectore, de la Sculpture, et de la Peinture. 4 to, plates. 

Paris, 1697. [8vo. 1861. 

Freeman, E. A. Essay on the Origin and Development of Window Tracery ;n England. 
Gallaccini, T. Trattato sopra gli Errori d^li A^hitetti. Folio. Venezia, 1767. 
Goldmann, N., Architecture of, W L. C. Sturm. German text. Folio, Augsburg, 1716-62. 
Hofibtadt, F. Gothisches A-B>C Buch, Text 8vo. ; 43 plates, folio* Frankfurt^ 1843-46» 
1845-64. Translated into French. Folio. Paris, 185L [1662* 

Kinross, J. Details from Italian Buildings, chiefiy Renaissance, Folio. Edinoni^gh,, 



TO AUCHITEOTURE. 


118 J 


Leeds, W, H. Rudimentary Treatise on the Orders of Architecture. l2mo. 1849. 

L’EveilU, 0. J. Considerations sur les Frontons. 4to. Paris, 1824. 

J/Orme, P. d<». (Euvres d’Architeeture. Folio, 2 roLs. in 1. Paris, 1626; Rouen, 1648 
The Treatise on Architecture, in 9 books, was first published in Paris, 1567. The tenth 
book, on Carpentry, entitled, “ Nouvelles Inventions pour bien B&tir et k petit Frais,’* 
folio, Paris, 1561-68, and 1676. [edition, 4to. Edinburgh, 1846. 

Mahan, D. H. Elementary Course of Civil Engineering. Edited by P. Barlow. Now 

Mandar. C. F. Allude d’ Architecture Civile ; ou Plans, Elevations, Coupes, et Details 
necestMires pour eiever, distribuer, et decorer uneMaison et ses Dependances. Imperial 
folio, 122 plates. Paris, 1830. 

Manetti, G. A. Studio degli Ordini d* Architettura. Folio, 25 plates. Firenze, 1808. 

Mauch, J. M. von. Neue systematische Darstellung der Architektonischen O^nungen 
der Griechen, Eomer und neuem Baumeister. 100 plates, 4to. Potsdam, 1850. 

Nicholson, P. Principles of Architecture. 3 vols. 8vo. 1796-8. 1886. 

Normand, C. Nouveau Paralieie des Ordres d’Architecture des Grecs, des Remains ek 
des Auteurs Modernes. Folio, 63 plates. Paris, 1819. Translated by A. Pugin. 1829. 

Palladio, A. See Class II. 

Perrault, C. Ordonnance des Cinq Espices de Colonnes. Folio. Paris, 1683. 

Robson, E. R. School Architecture ; being Practical Remarks on the Planning, Design- 
ing, Building, and Furnishing School Houses. 8vo. 1874. 

Scamozzi, V. L’ Idea dell’ Architettura Universale. 2 vols. folio. Venetia, 1615. 

Serlio, S. Architettura. 4to. Venetia, 1667. Later editions. 

Serrure, E. Cours Classique d’Architecture. Folio. Gand, 1874. [2 vols. 8vo 1849. 

Sharpe, E. Treatise on the Rise and Progress of Decorated Window Tracery in England. 

The Seven Periods of English Architecture defined and illustrated. 8vo. 1861. 

The Mouldings of the Six Periods of Gothic Architecture from the Conquest to 

the Reformation. 4to. 1871. 

Shuto, John. The First and Chief Groundes of Architecture. Folio. 1663. 

Thiollet, F. Le 9 ons d Architecture, Th4orique et Pratique, comprenant I’Histoire des 
Ordres, etc. 6 vols. 4to. Paris, 1843. 

Trimen, A. One Thousand authenticated Mouldings of Mediaeval Architecture, from the 
best examples. 53 plates, 8vo. 1863. 

Visentini, A. Osservazioni sopra gli Errori degli Architetti ; contin. al Trattato di T. 
G^Uaccini. Folio. Venezia, 1771. 

Vitruvius. De Architectura, cum notis Variorum, a J. de liaet. Folio. Amst. 1649. 

Architettura di, tradotta ed comontata da B. Galiani. Folio. Siena, 1790. 

Trad, et coment. da Barbaro. Folio, woodcuts. Venezia, 1666. 

Architecture of; by Poleni and Stratico. 8 parts in 4 vols. 4to. Utini, 1825-30. 

by A. Marinio. 4 vols. folio. Rome, 1836. [3 vols. 4to. Paris, 1837. 

by Perrault. Folio. Paris, 1684. Augment^e par E. Tardieu et A. Coussin. 

— Traduction Nouvelle, par Maufras. 2 vols. 8vo. Paris, 1847. 

Translated by J. Gwilt. Imperial 8vo. J 826. 

Wiebeking, C. F. Architecture Civile, Tb5orique, et Pratique ; I’Histoire descriptive des 

' ^^difices anciens et modernes les plus remarquables. 7 vols. 4to.; 260 plates, folio. 
Munich, 1823. 


X. KATEBIAIS. 

Austin, J. G. Preparation, &c., and Application of Limes and Cements, &c. 12mo. 1862. 
Bale, M. P. Wood- working Machinery ; Saw Mills ; Stone-working Machinery. 8vo. 
1886. 

Blagrove, G, H. Marble Decoration, and the Terminology of British and Poreign Marbles. 

8vo. 1888. . [1867. 

Burnell, G. R. Limes, Cements, Mortars, Concretes, Masticks, and Plastering. 12mo. 
Burnham, S. M. History and Uses of Limestones and Marbles. 8vo. Boston, U.S.A., 1883. 
Brun, F. M. le. Sur I’emploi du B6ton. 4to. Paris, 1843. 

Coignet, F. B5ton Agglom6r5 pour Fortifications, Fonts, etc. 8vo. Paris, 1862. 

Davis, C. T. Practical Treatise on the Manufacture of Bricks, Tiles, and Terra- 
cotta, &c. 8vo. Philadelphia, 1884. [Process. Svo. 1868. 

Day, St. J. V. Manufacture of Malleable Iron, with special reference to the Richardson 
Dobson, E. Treatise on the Manufacture of Bricks and Tiles. 12mo. 1860, 

Drake, C. Building in Concrete. Svo. 1874. 

Faija, H. Portland Cement for Users. Svo. 1881. [edition, Svo. 1869. 

Fairbaim, W. Iron; its History, Properties, and Processes of Manufacture. 3rd 
Farraday, M. Prevention of Dry Rot in Timber. Svo. 1886. 

Fkehat, £., Barrault, A., and Petiet, J. Traits de la Fabrication du Fer et de la 
Fonte, etc. 8 vole. 4to. and folio. Li^ge, 1852. 
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Gilmow. Practical Treatise on Limes, Hydraulic Cements, and Mortars. 8m Nem^ 

Godwin, G. Nature and Properties of Concrete. 4to. 1836. [York, 1868. 

Hodgkinson, E. Experimental Researches on the Strength and other Properties of 
Cast Iron, &c. 8vo. 1840. 

Holtzapffel, C. Descriptive Catalogue of the Woods commonly employed for the 
Mechanical and Ornamental Arts. 8vo. 1843. 

Hull, E. Treatise on Building and Ornamental Stones of Great Britain and Foreign 
Countries. 8vo. 1872. 

Hutchinson, J. New Experiments in Buildii^ Materials, in reference to their Conduct 
ing Power, Dryness, and Resistance to the Progress of Fire. 8vo. 1843. 

Hyatt, T. Experiments with Portland Cement Concrete, combined with Iron, as a 
Building Material. 4to. 1877. 

Keily, J, Expansion of Structures by Heat. 8vo. 1887. 

Kir^dy, D. Experimental Inquiry into the Tensile, Strength, &c,, of Wrought Iron 
and Steel. New edition, 8 vo. Glasgow, 1863. 

Results of an Eareerimental Inquiry into the Mechanical Properties of Steel. 

Laslett, T. Timber and Timber Trees. 8vo. 1875. [4to. 1873. 

Lee, A. Marble and Marble Workers. 8vo, 1888. 

Lingard, J. Inquiry into the Nature and Construction of Timber, including the Causes , 
of Dry Rot. 2nd edition, 8vo. 1842. 

Lockwood, H. Concreting and Asphalting. 4to. Manchester, 1886. 

Metropolitan Board of Works. Regulations for the Construction of Concrete Buildings 
under the Metropolitan Building Act, J 856. Folio. 1882. 

Mushet, D. Papers on Iron and Steel, Practical and Experimental. 8vo. 1840. 

Papworth, J. Essay on the Causes of Dry Rot in Buildings. 4to. 1803. 

Pasley, C. W. On Limes, Calcareous Cements, Mortars, Stuccoes, Concrete, and Puzzuo- 
lanas, &c. 8vo. 1838. 2nd edition, Part I. only. 1847. [Enlarged, 1875. 

Percy, J. Metallurgy; or, the Art of Kxtraeting Metals from their Ores. 8vo. 1859-61, 

Potter, T. Concrete; its use in Building. 8ro, (1877). 

Reid, H. Practical Treatise on Concrete, and how to make it ; with Observations on the 
uses of Limes, Cements, and Mortars. I2mo. 1869. 

— The Science and Art of the Manufacture of Portland Cement, with some 

Constructive Appliances. 8vo. 1877. [8vo. 1857. 

Rogers, S. B. Treatise on Iron Metallurgy, up to the manufacture of Puddled Bars. 

Smith, C. H. Lithology; or Observations on Stone used for Building. 4to. 1846. 

Stone. Report and Investigation into the Qualifications and Fitness of Stone for Building 
Purposes, particularly for the New Houses of Parliament. New edition, 4to. 1846. 

— . Geological Survey of Great Britain. Mineral Statistics of Great Britain, &c. 
By R. Hunt. Part II. for 1868. 8vo. 1860. 

Timber and Timber Duties Commissioners’ Report. Folio. 1835. 

Treussart, Gen., petot, M., and Courtois, M. Essays on Hydraulic and Common 
Mortars, and on Lime Burning. Translated by J. G. Totten. 8vo. New York, 1842. 

Truran, W. The Iron Manufacture of Great Britain. Revised edition, 4to. 1862. 

United States. Report on the Building Stones of that country. 4to. New York, 1883. 

Unwin, W. 0. Rate of Hardening of Cement and Cement Mortars. 8vo, 1886. 

Testing of Portland Cements. 12mo. Manchester, 1886. 

— - Testing of Materials of Construction. 8vo. 1888. 

Vicat, L. J. Recherches exp^rimentales sur les Chanx de Construction, les Batons, et 
Mortiers ordinaires. 8vo. Paris, 1819. Transl. by J. T. Smith, 8vo. 1837. 

Whichcord, J. Kentish Ragstone as a Building Material. 8vo. 1846. 


XI. STATICS, STRAIN, STRENGTH, MECHANICS, TABLES, Ac. 

Adamson. D. The Mechanical and other Properties of Iron and Mild Steel. 8vo. (1878.) 
Adcock, H. Engineer's Pocket Book. 8vo. 1862, &c. 

Anderson,!. Strength of Materials and Structures. 6th edition, 12mo. 1880. 12mo. 

Baker, B. On the Strength of Beams, Columns, and Arches. 8vo. 1870. [1887* 

Baker, T. Principles and Practice of Statics, and Dynamics. 12mo. 1861. 

Barlow, P. Treatise on the Strength of Timber, Cast Iron, Malleable Iron, and other 
Materials, &c. New edition. Edited by J. F, Heather. 8vo. 1861. 

Bturdmore, N. Hydraulic Tables. 2nd edition, 12mo. 

Bourdais, J. Trkit6 Pratique de la Resistance des Materiaux appliques 4 la Construction 
des Ponts, des B^timens, etc. Svo. Paris, 1859. [1851. 

Bow, K. H. Treatise on Bracing, with its Application to Bridges, dec. 8vo. Edinburgh, 
Box, T; Practical Treatise on the Strength of Materials, including their Elasticity, Ac* 
Svo. 1883. 
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Brunet, F. Dimensions de Fers qui doivent former la Coupole de la Halle aux Graina. 

Campin, F. Engineers’ Pocket Kemerabrancer. 8vo. 1863. [Folio, Paris, 1809. 

Cargill, T. Strains upon Bridge Girders and Eoof Trusses. 8vo. 1873. 

Clarke, G. S. Principles of Graphic Statics. 4to. 1 880. 

Cotterill, J. H. Applied Mechanics. 8vo. 1884. 

Engineers’, Architects’, and Contractors’ Pocket Book. 8vo. (Weale.) 1863, &c. 

Fairhairn, W. Application of Cast and Wrought Iron to Building Purposes, with 

■ Treatise on Wrought Iron Bridges. 4th edition, 8ro. 1 870. 

Useful Information for Engineers 4th edition, 3 vo^s., 8vo. 1864-67. 

Fenwick, S. Mechanics of Construction, including the Theories of the Strength o^ 
Materials, Poofs, Arches; and Suspension Bridges. 8vo, 1861. 

Graham, R. H. Graphic and Analytic* Strains in Theory and Comparisoxt ; also a 
chapter on Wind Pressures. 8vo. 1883. 

Grier, W. The Mechanic’s Calculator. 4th edition, 12mo. 1841. 

Hogg, J. Merchant and Iron Trader’s Guide, &c. Tables of Weights and Measurement 
ot Metals, Stone, and Timber. 12mo. 1869. 

Humber, W. Strains in Girders and similar Structures, and their Strength. 12mo, 

Hurst, J. T. Handbook of Formulae, &c. 13th edition, sm. obi. 1882. [1868, 1880. 

Inwood, W. Tables for the Purchasing of Estates, Freehold, Copyhold, &c. ; Annui- 
ties, &c. 7th edition. By F. Thoman. 12mo. 1859. 

Kirk, Balfour, and Ward. New Zealand Timber. 8vo.* Wellington, 1876. 

Kirkaldy, D. Results of an Experimental Inquiry into the Comparative Tensile Strength, 
&c., of various kinds of Wrought Iron and Steel, 8vo. 1862. Results of an 

Experimental Inquiry into the relative properties of Wrought Iron Plates. 4to. 1876. 

Lea, W. Tables of Strength and Deflection of Timber. 8vo. 1860. 

Mai pas, H. Builder’s Pocket Book of Reference : Tables of Strength of Timbers, 
Wood, and Iron Beams, &c. 18mo. 1862. 

Molesworth, G. L. Pocket Book of Useful Formulae and Memoranda. 21st edition, 
16mo. 1882. 

Morin, A. J. Lemons do M^canique Pratique. 4 vols. 1846-60. 2nd edition, 8vo. 
Paris, 1856. Aide-memoire de M^canique Pratique. 5th edition, 8vo. Paris, 1864. 
Fundamental Ideas of Mechanics, and Experimental Data. Translated, &c., by J. 
Bennett. 8vo. New York, 1860. [edition, 8vo. 1862. 

Moseley, H. Mechanics applied to the Arts, including Statics and Hydraulics. 3rd 

Mechanical Principles of Engineering and Architecture. 2nd edition, 8vo. 1856. 

Moss, N. A. Strength of Materials and Strains in Structures ; treats of Girder and 
Suspension Bridges only. 8vo. 1887. 

Neville, J. Hydraulic Tables, Coefficients, and Formula for finding the Discharge of 
Water from Orifices of all kinds. New edition, 8vo. 1860. 

Olander, E. New Method of Graphic Strains applied in the Construction of Wrought 
Iron Girders ; Series of Working Drawings of Modern Type. Vol. I. Folio. 1880. 

Peddie, A. The Practical Measurer, or Wood Merchant’s Assistant ; with Tables. New 
edition, 8vo. Glasgow, 1862. 

Penn, S. Tables showing the Weight of different lengths of Round, Square, Flat Bar 
Iron, &c. 6th edition. Liverpool, 1843. 

Planat, P. Pratique de la M^canique appliqu^e & la Resistance des Materiaux. 8vo. 
Paris, 1887. 

Pratt, J. H. Mathematical Principles of Mechanical Philosophy, and their Application 
to Elementary Mechanics and Architecture, &c. 8vo. Cambridge, 1846. 

Rankine, W. J. M. Manual of Applied Mechanics. 3rd edition, 8vo. Glasgow, 1864. 

Richards, J. Wood-working Factories and Machinery. 8vo. New York, 1873. 

Ricker, N. C. Elementary Graphic Statics and the Construction of Trussed Roofs. 8vo. 
New York. [1882. 

Roberts, J. The Pressure of Wheat stored in elongated cells or bins. 8vo. Liverpool, 

Robertson, F. Tables for Arches. 8vo. 1871. [Students. 8vo. 

Robinson, H. Hydraulic Power and Machinery, for the use of Practical Engineers and 

Ryde, E. Hydraulic Tables : Discharge of Water through Pipes, &c. 8vo. 1862. 

Seddon, H. 0. Tables on the Strength of Timber. 8vo. Chatham, 1881. 

Shields. F. W. Strains on Structures of Ironwork, with Remarks on Iron Construction. 
8vo. 1861. 2nd edition, 8vo. 1867. 

Snell, G. Stability of Arches. 8vo. 1846. 

Stoney, B. B. Theoiy of the Strains in Girders and similar Structures ; Tables of 
Strength of Materials. 8vo. 1869. 

Tarbuck, E. L. Handbook of House Property ; a Practical Guide, including the Law of 
Dilapidations, Fixtures, and Valuations, &;c. 4th edition, enlan^, 8vo. 1887. 

Tarn, E. W. Science of Building ; Elementary Treatist on the ftinciples of Construo 
tion. 8vo. 1870. 
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Tate, T. Strejgth of Material*; original Formnl*, applied to Tabahr Budget, Iron 
Beams, &c. 8fo. 1860. , , 

Hmminf, T. Examples of Iron Eoofs, &c. Vol. 1, 4to. 1882. Obtaining bj Diagrams 
the Strains in, and Strength of, Eireted Girders and Curved Eoofs. Vol. 2, 4to. 1882. 
Tomlinson, C. Mechanics. I2mo. 1869. 

Toussaint, C. J, Trait4 de G^m^trie et d’Architecture Th4orique et Pratique simplifi^. 
4 vols, 4to. Paris, 1811-12. 

Tredgold, T. Practical Treatise on the Strength of Cast Iron and other Metals. 

Eevised, &c., bj E. Hodgkinson. 8vo. 1860. 

Turnbull, A. H, Tables of Compound Interest, and Annuities; Yearly, &c.. Payments. 
8ro. Edinburgh, 1868. 

Turnbull, W. hSsay on the Construction of Cast Iron Beams. 8vo. 1833. 

TJnwin, W. 0. Formulae for Flow of Water in Pipes. 4to. Manchester, 1886. 

Warr, F. Dynamics, Construction of Machinery, Equilibrium of Structures, i^nd the 
Strength of Materials. 8vo. 1851. [1-867. 

Weir, H. F. Land Measuring Tables, showing the area of any sized Plot. 8vo. Glasgow, 
Whewell, W. Elemental^ Treatise on Mechanics. 7th edition, 8vo. Cambridge, 1847. 
Willich, C. M. Popular Tables for ascertaining the Value of Lifehold, Leasehold, and 
Church Property. 4th edition, 8vo. 1869. 

Woodbury, D. P. Treatise on the various Elements of Stability in the well-proportioned 
Arch. 8vo. New York, 1868. 


XII. PEACTICAL WOBKS OF COKSTETTCTION.-Ske also Class X. 

Adams, H. Joints in Woodwork. 8vo. 1877. 

Adhimar, J. Traits de Charpente. 2nd edition, 8vo. Paris, 1864. 

Trait6 de la Coupe des Pierres. Text 8vo., plates folio. Paris, 1869. 

Ardaut, P. Sur la Charpente a Grande Port4e. Folio. Paris, 1863. 

Ashpitel, A. New Guide, or Book of Lines for Carpenters, geometrically explained. 
New edition, 4to. 1867. 

Handrails and Staircases; a Simple Method of Finding the Lines. 4to. 1861. 

Bancroft, E. M. and F. J. Tall Chimney Construction. 8vo. Manchester, 1886. 
Bankes, L. Joiner's Instructor in the Construction of Staircases and Handrailing, ito. 
Blagrove, G. H. Shoring and its Application. 8vo. 1887. [1849. 

Borgnis, J. A, Trait6 E16mentaire de Construction appliqo6e a TArchitecture Civile. 

2 vols. 4to. 30 plates. Paris, 1823. 3rd edition, 4to. Li6ge, 1840. 

Brandom B. and J. A. Open Timber Eoofs of the Middle Ages. 4to. 1849. 

Brees, & C. Eailway Practice : a Collection of Working Plans, &c. 4 series, 4to. 
1837, 1840, 1847. 

Brown, G. Healthy Foundations for Houses. 18mo. New York, 1885. 

Brunet, F. Dimensions des Fers de la Coupole de la Halle an Grain. 4to. Paris, 1809. 
Bruy6re, L. Etudes relatives d I’Art des Constnictions. Folio. Paris, 1823-28. 
Building Construction. Notes on, 8 vols. 8vo. 1876-79. 

Bum, E. S. New Guide to Carpentry, general Framing, and Joinery, theoretical and 
practical. 4to. 1871. 

Bury, T. Eemains of Ecclesiastical Woodwork. 21 plates, 4to. 1847. 

Christy, W. J. Practical Treatise on the Joints made and used by Builders. 1 2mo. 1 882. 
Collings, G. Circular Work in Carpentry and Joinery : A Practical Treatise on Circular 
Work of ffingle and Double Curvature. 8vo. 1887. 

Dempsey, G. D. Examples of Iron Eoof, spans from 20 to 153 feet. Folio. 1850. 
Dobson, E. Eudimentary Treatise on Masonry and Stone-cutting. 12mo., 4to. 1849. 
Eudiments of the Art of Building. 12mo. 1881. On Foundations and Concrete Work. 
12mo. I860. 

Douliot, J. P. Traitd special de Coupe des Pierres. 2 vols. 4to. Paris, 1826. 
Dnrand-CLaye, A. Etude sur la Stability de la Coupole projetde par Bramante pour la 
Basilique de S. Pierre de Eome. 4to. Paris, 1879. 

Eck, C. L. G. Traitd de I’Application du Fer, de la Fonte, et de la T61e, dans les Con- 
structions Civiles, etc. Folio. 1841. 

Memoire sur la Construction de Nouveaux Planohers, destines 4 rendre les BAti- 

ments Incombustibles. Folio. Paris, 1841. [LiAge, 1846. 

Eray, A. E. ^ TraitA de I’Art de la Cbarpenterie. 2 vols. 8vo. 167 plates, folio. 

■ — Description du Nouveau SystAme d'Arcs pour les Grandes Charpentes. Folio. 

Uh^, 1862. 

Bairbairn, W, Treatise on Mills and Millwork. Part I. Principles of Mechanism. 
3rd edition, 8vo. 1871. Part IL Machine]^ and Oonstruetion and Arrangement of 
Hills. 2nd edition, 8vo. 1866. 
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Fontenay, T. Notice on Construction of the Tunnels of St Cloud and Motretout ; 
yrith General Observations on Subterranean Passages, and the Dimensions and Prices 
of Sixty-six Tunnels in France, England, and Belgium. 8vo. Paris, 1847. 

Fourneau, H. Art du Trait de Charpenterie. 4 vols, folio, 87 plates. Paris, 1820. 

Fox, H. H., and Barrett, G. (>oastruction of Public Buildings and Private Dwelling- 
Houses on a Fireproof Principle, without increase of cost. 12mo. 1849. 

Frezier, M. Throne et la Pratique de la Coupe des Pierres et des Bois. 3 vols. 4 to. 
plates. Paris, 1767. 

Gfidpin, J. Joiner’s Instructor : Staircasing and Handrailing. 2 vols. 4to. 1863. 

Joiner’s Own Book, and Builder’s New Guide, showing the Improvements upon 

Carpentry and Joineiy since the days of the late Mr. Nichoj^on. 39 plates, 4to. 1856. 

Gauthey, E. M. Dissertation sur les Degradations survenues aux Piliers du D6me du 
Pantheon, et sur les Moyens d’y remedier. 4to. plates. Paris, 1798. 

Goodwyn, H. Wrought-Iron Roofing, as applicable to every description of Building, and 
showing the modification necessary to adapt the system to European dwellings iu 
India, &c. 4to. Calcutta, 1844. 

Hassenfratz, J. H. Traits do I’Art du Charpentier. 4to. Paris, 1804. 

Jousse, M. Ouvenure de I’Art du Serrurier, Charpentier, etc. 2 vols. folio. Fiedie, 
1627. Le Secret d’ Architecture. Folio. 1642. L’Art de Charpente. 3rd edition, 
folio. Paris, 1702. 

Krafft, J. C. Traite aur I’Art de la Charpenterie; Plans, Coupes et ^l^vations, de 
di verses Productions. Folio. Paris, 1820. 

Xiasvinges, H. et L. Cath^drale de Bayeux : Reprise en sous-rouvre de la Tour Centrale ; 
Description des Travaux. 25 plates, 4to. Paris, 1861. 

Laxton, H. Examples of Building Construction, being a Series of Working Drawings to 
a large Scale. 27 parts, folio. 1863-56. 

Matheson, E, Works in Iron ; Bridge and Roof Structures, with a Vocabulary. 8vo. 
1873. 

Merrifield, C. W. Determination of the Form of the Dome of Uniform Stress. 8vo. 

Mesauge, M. Traits de Charpenterie et des Bois de toutes Esp^cos. 2 tom. Paris, 1753. 

Mignard, B. R. Guide des Constructeurs ; Traite. 3rd edition, by A. F. Chelly. 2 
vols. Svo. ; 87 plates, folio. Paris, 1866. 

Morey, P., et Roux, H. Charpente de la Cath4drale de Messine. Folio. Paris, 1841. 

Morris, T. British Carpentry : History and Principles of Gothic Roofs. Svo. 1871. 

Newland, J. Carpenter’s and Joiner’s Assistant, &c. 2 vols. folio. Liverpool, 1860. 

Nicholson, P. Carpenter and Joiner’s Assistant. 4to. 1815. Carpenter’s New Guide. 
4to. 1819. Practical Treatise on the Art of Masonry and Stone-Cutting. Svo. 1832. 

Oldham. Report on the Fall of the Cotton Mill. Folio. 1845. 

Oppermann, C. A. Nouvelles Annales de Construction. In progress, folio. Paris, 
1856-87. 

Powell, G. T. Foundations and Foundation Walls ; Pile Driving; Building Stones and 
Bricks. With Foundations and Isolated Piers as followed in Chicago, by F. Baumann. 
Svo. New York, 1887. 

Price, F. British Carpenter. 4to. plates, 1763. 

Riddle, R. Staircasing, Handrailing, Carpentry, &c. 1860. 

Roberts, T. Mode of Scarfing Timber. 8vo. Devonport, 1 852. 

Robson, G. Modern Domestic Building Construction. Folio. 1876. 

Robson, R. Mason’s, Bricklayer’s, and Decorator’s Guide ; containing Examples of 
Foundations, Domes, Lighthouses, Bridges, &c. 4to. 1862. 

Rolfe, C. Chancel Screens and Roofs. Svo. Reading, 1876. [1846-‘60. 

Romberg, 8. A. Die Zimmerwerk-Baukunst in alien ihren Theilen. Folio. Leipzig. 

Rondelet, J. Trait5 Th^orique et Pratique de i’Art de Bfitir. 6 vols. 4to. and 207 
plates, folio. Continuation of G. A. Blouet, Paris, 1858. lOlh edition. 

As great use was made of this work by Gwilt, we notice here that he had the edition 
of 1835. It was first published in *1806-10, which edition is in the library of the 
Institution of Civil Engineers; the second, of 1812-14, is in the library of the 
Institute of British Architects, and in Sir John Soane’s Museum ; while the 
British Museum contains the edition dated 1830-2. In this one some of the 
plates have been re-engraved and rearranged. [Paris, 1814. 

■ M^moire Historiqne sur le D6me du Pantheon Francois. 10 plates, 4to. 

— M4moire sur la H^construction de la Coupole de la Halle au Bid de Buris. 

4to. 3 plates. Paris. 

Roy, C. F. le. Trai»4 de St&reotomie ; 4 la Th6orie des Ombres, la Perspective liniaire, 
la Qnomonioue, la Coupe des Pierres, et la Charpente. 2 vols. folio and 4to. L14ge, 
1845. 

3^on, H. 0. Building Trades and Building Construction. 2nd edition, folio. Chatham, 

— » Builders’ Work and the Building Trades. Svo. 1886. ' [Ifi??* 
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Sgansm, S, Logons d’un Cours de Constractions, avec des applications tiroes specials- 
ment de TArt de I’log^nieur des Ponts et Chaus84e8. dth by M. Beibelb 180 

plates, folio. Text 3 vols. 4to. Paris, 1846. [1860. 8vo. 1877. 

Simms, F. W. Practical Tunnelling. Eevised by W. D. Haskoll. 2nd edition, 4to. 
Simonin. Traits EUmentaire de la Coupe des Pierres. 4to. Paris, 1792. 

Sirr, H. English Stall Work, Canopies, and Rood Screens of the XVth century. 2 role. 

4to. 1883-85. [1878. 

Small, J. W. Scottish Woodwork of XVlth and XVIIth century. Folio. Edinburgh, 
Stock, C. H. Shoring and Underpinning. 8vo. 1882. 

Tarbuck, E. L. Encyclopaedia of Practical Carpentry and Joinery, &c. 4to. 1857-69. 
Tarn, E, W. Elementary Principles of Carpentry and Joinery, from the work by 
Tredgold. Plates, 4to. 8vo. 1873. On the Construction of Roofs. 12mo. 1882. 
Thierry. Recueil d’Escaliers en Pierre, Charpente, Menuiserie ot Fonte. 4to. Paris, 1844. 
Timmins, T. Iron Girders and Roofs. Voi. 1, 2nd edition, 4to. 1883. Vol. 2, 
Graphic Strains. 4to. 1882. 

Tregold, T. Elementary Principles of Carpentry, by P. Barlow. 4to. 50 plates. 1853. 
Revised by T. Hurst. 3rd edition, 8vo. 1880. 6th edition, revised by E, W. Tarn. 
4to. 1885. 

Trcndall, E. W. Examples for Roofing, &c., for Show-Rooms, Theatres, Warehouses, 
Churches, Chapels, Schools, Villas, Greenhouses, &c. New edition, 4to. 1860. 
Walker, T. L. Architectural Precedents. 66 plates, 8 vo. 1841. 

Walmisley, A. T. Iron Raofs. Folio. 1884. 

Willcocks, G. W. Roads and Roadways. 8vo. 1879. 


XIII. FIREPEOOF CDNSTEUCTION, &c. 

A&hpitel, A., and Whichcord J. Fireproof Houses in Flats. 8vo. 1S55. 

Bellamy, T. Fireproof Construction. Folio. 1872. 

Boult, J. Structural Requirements of the Fire Prevention Acts, &c., in LiverpooL 
8vo. Liverpool, 1869. 

Braidwood, Jjlj^oproof Buildings. 8vo. 1860. 

Fire lIHintion and Fire Extinction. 8vo. 1865. 

Fox, H. H., and Barrett, G. Construction of Public Buildings and Private Dwelling 
Houses on a Fireproof Principle, without increase of cost. 12mo. 1849. 

Hornblower, L. Improvements in the Construction of Fireproof Buildings ; Specifica- 
tions, &c. 8vo. 1874. 

Merry weather, J. C. Fire Protection of Mansions. 8vo. 1884. 

Papworth, W. Notes on the Causes of Fires; or, which is the safest of the various inodes 
of Warming Buildings. 16mo. 1853. 

Notes on Spontaneous Combustion. 16mo. 1856. 

Shaw, E. M. Fire Surveys; or, Principles in Estimating Risk of Buildings. 8vo. 1872. 

Young, C. F. T. Fires, Fire-engines, &c. ; with Remarks on Fireproof Construction. 
8vo. 1866. 


XIV. BBIDGES AKB ARCHES. 

Adh^mar, J. Traits Th^orique et Pratique des Ponts Biais. Folio. Paris, 1867. 

Ansolin, N. J. B. Experiences sur la Main d’CEuvre des diHerens Travanx dependana du 
Service des Ingenieurs des Ponts et Chaussees, etc. 4ro. Boulogne, 1810. [1804. 

Atwood, G. Dissertation on the Construction and Properties of Arches. 4to. 1801- 

Aubry. M6moire sur la Construction d’un Pont de^Bois de 450 Pieds d'Ouverture d’un 
seal Jet, etc. 4to. Paris, 1790. [Bridge. 4to. 1884. 

Baker, B. The Strength of Beams, Columns, and Arches. 8vo. 1870. The Forth 

Bashforth, F. Practical Treatise on the Construction of Oblique Bridges with Spiral and 
with Equilibrated Courses. New edition, 8vo. 1866. 

Bauernfeind, C. M. Vorlegeblatter zur Briickenbaukunde, Folio. Munich, 1863-64, 

^lackfriars Bridge. 7 plates of the machines used in its construction and the centring 
of the middle arch. Oblong folio. 

Blair and Phillips. Construction of Viaducts, Bridges, &c. 8vo. 1845. 

Boistard, L. C. Recueil sur les Ponts de Nemours, &c. 4to.. 19 plates. Paris, 1822. 

Bow, R. H. Treatise on Bracing ; with its Application to Bridges, Ac. 8yo. Edin- 
burgh, 1851. 

bargill, J, ^trains upon Bridge Girders and Roof Trusses. 8vo. 1873. 

Jlark^ E. Britannia and Conway Tubular Bridges, with General Inquiries on Beams. 
2 vols.Hva, 1860. 
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Cresy, E. Pnustical Treatise oa Bridge Building and on the Equilibrium of Vaults and 
Arches. Plates, folio. 1839. 

Dempsey, G. D. ^ Maleable Iron Tubular Bridges. 4to,, plates folio. 1860. 

' Brick Bridges, Sewers, and Culverts. 4to., plauis folio, 1860. 

Emmery, H. C. Pont d’lvry en Bois, sur Piles en Pierre, traversant la Seine pr^s 4u 
confluent de la Marne. 2 vols. 4to. plates. Paris, 1832. 

Euel, C. von. Briicken und Thaliibergange Schweizenscher Eisenbahnen. Folio. Basel, ^ 
1856. Supplement, 1869. 

Excha^uet, H. Dictionnai re des Fonts et Chauss^es. 8vo. 1 2 plates. Paris, 1787. 

Fairbatrn, W. Account of the Construction of the Britannia and Conway Tubular Bridges. 
20 plates, 8vo. 1849. 

Qauthey, E. M. Trait6 de la Construction des Fonts ; MAmoires sur les Canaux de 
Navigation, etc., public par M. Navier. 4 vols. 4to. plates. Paris, 1816. 

Gautier, H. Traite de la Construction des Fonts et Chauss^es. 8vo. Paris, 1721-66. 

Goury, G. Kecueil d’Observations, Mimoires et Projets coucercant la Na\ngat!oD 
Int^rieure. 2 vols. 4to., plates folio. Paris, 1827. 

Qwilt, Joseph. On the Rebuilding of London Bridge. 8vo. with 1 plate. 1823. 

Treatise on the Equilibrium of Arches. 8vo. plates. 1826. The editions of a 

later date are spurious, being without additions or corrections by the author. 

Hann, J., and Hosking, W. Theory, Practice, and Architecture of Bridges of Stone, 
Iron, Timber, Wire, and Suspension. 4 vols. 8vo. 1843. Supplement, by G. R. 
Burnell. 8vo. 1850. [Iron. Ftilio. 1864. 

Haskoll, W. D. Examples of Bridge and Viaduct Construction of Masonry, Timber, and 

Haupt, H. General Theory of Bridge Construction, containing Demonstrations of the 
Principles of the Art, the Strains upon Chords, Ties, Braces, &c. New edition, 8vo. 
New York, 1863. 

Hodges, J. Great Victoria Bridge at Montreal in Canada. Text 4to., plates folio. 18^0. 

Humber, W. Complete Treatise on Cast and "Wrought Iron Bridges and Girders, as 
applied to Railway Structures and Buildings generally. Plates, 4to. 1860. 

Complete Treatise on Cast and Wrought Iron Bridge Construction, including Iron 

Foundations. 80 plates, 2 vols. 4to. 1864 and 1870. 

Hutton, C. Principles of Bridges. 8vo. 1772. 

Xatham, J. H. Construction of Wrought Iron Bridges, embracing the Practical 
Application of the Principles of Mechanics to Wrought-Iron Girder Work. 8vo. 
Cambridge, 1868. 

Le Sage, P. C. Recueil de divers M^moires des Fonts et Chauss^es. 2 vols. 4 to. Paris, 1810. 

Marquand, C. On the DifiEerent Constructions of Bridges, and Improvements to secure 
their Foundations. 4to. 1749. 

Maw, W. H., and Dredge, J. Modern Examples of Road and Railway Bridges. 4to. 1872. 

Milne, J. Theory and Princijjto of Bridges and Piers. 8vo. 36 plates. 1806. 

Molinos, L., et Pronnier, C. uSait^ Thteiqiie et Pratique de la Construction des Fonts 
M4talliques. 4to., plates folio. Paris, 1868. 

Navier. M4moi re sur les Fonts Suspendus. 4to. Paris, 1830. 

Nicholson, P. Guide to Railway Masonry, containing a complete Treatise on the Oblique 

' Arch. 3rd edition, revised by R. Cowen. 8vo. 1860. 

Perron et, M. (Euvres de. 4to., plates folio. Paris, 1793. 

Polonceau, A. B. Notice sur le nouveau Syst^me de Fonts en Fonte, suivi dans la Con- 
struction du Pont du Carrousel. 4to. Atlas folio, plates. Paris, 1839. 

Pont en Pierre k construire sur la Seine a Rouen. 4to. plates. Paris, 1816. 

Prony, M. do. Nouvelle Architecture Hydraulique. 2 vols. 4to. plates. Paris, 1790. 

Regemortes, M. de. Description du nouveau Pont de Pierre construit sur la Riviire* 
aAUier k Moulins. Folio. Farib. 1771. 

Robertson, F. Tables for Arches. 8vo. 1871. 

Rondelet, A. Essai Historique sur le Pont de Rialto. 4to. plates. Paris, 1837. 

Seaward, J. Observations on the Rebuilding of London Bridge. 8vo. plates. 1824. 

Seguin, A. Des Fonts en Fil de Fer. 8vo. plates. Paris, 1824. 

Semple, G. Treatise on Building in Water. 63 plates, 4to. Dublin, 1776. 

Shanahan, M. Plans and Elevations of Bridges in France, Switzerland, Italy, and 
Savoy. Oblong folio. Plates only. No date. 

Snell. G. Stability of Arches. 8vo. 1846. [1882. 

Telford, T. Reports on the Holyhead Roads, Harbour, Bridges, &c. Folio, with plates, 

T^bull, W. Mathematical Investigation of Dredge’s Principle for Bridges. 8vo. 1841. 

Vicat, L. J. Description du Pont Snspendu construit sur la Dordogne k ArgentaL 4to. 
plates, Paris, 1830. 

^are, S, Treatise on the Properties of Arches, and their Abutment Piers. 1809. 

^iebeking Le Chevalier. Architecture Hydraulique fondle suf la Th4orie ct la Pratique* 
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CJoc-ks. 2nd edition, 8ro. 18o6‘. _ 

^ jjoqJc on Building; including Church Eestoratiop. ‘ 2nd edition, 12mo. 1880. 

Bienkfirn, J. Arehitectui-al and Engineering Specifications of Works/ Roads, and 
’ Sewers, with Agreements and Keports. 8ro. 1865. 

Burn, E. S. Handbook of the Mechanical Arts in Building; with Hints on Eoad- 
making and Enclosing of Land. 2nd edition, S'^o. Edinburgh, 1860. 

Claudel, J. Formules, etc., ou Aide M5moire des Ing^nieurs, des Architectes, etc. 2Dd 
edition, 8vo. Paris, 1857. 

Hempse^r, G, D. The Builder’s Guide: A Practical Manual. 8vo. 1851. 

Dobson, E. Eudiments of the Art of Building. 12mo. 1849. 

Student’s Guide. 3rd edition, with adilitions by E. L. Oarbett. 8ro. 1858. 

Donaldson, T. L. Handbook of Specifications, &c. ; with a Keyiew of the Law of Con- 
tracts, by W. C. Glen. 2 vols. 8vo. 1860. 
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Houba, E. Code A Tusage de Propri4taires, IngSnieurs, Architectes. 8vo. Brux., 1880. 
Hurst, J. T. Handbook of Formulae, Tables, and Memoranda for Architectural Sur- 
veyors, <kc. 13th edition, sm. obi. 1882. [edition, 8vo. 1880. 

Jeukins, E., and Raymond, J. A Legal Handbook for Architects. 8vo. 1873. 3rd 
Mathews, J. D. Architect’s and Contractor’s Handbook. 8vo. 1883, 1885. 

Noble, J. Professional Practice of Architects, and that of Measuring Surveyors ; and 
Reference to Builders. 8vo. 1836. [W. Young. 8vo. 1870, 

Pevvtner, W. Comprehensive Specifier: a Guide to Practical Specification. Edited by 
Runkine, W. J M. Manual of Civil Engineering. 3rd edition, 8vo. Glasgow, 1864. 
Roberts, J. B. Short Hints to the Student in Architecture on entering the Office, mak- 
ing Drawings, &c. 16mo. 1852. 

Rogers, F. The Architect’s Guide : a Text-Book of Useful Information for Architects, 
Engineers, Surveyors, Contractors, Clerks of the Works, &c. 8vo. 1877. 

Ryde, E. Text-Book for the constant use and reference of Architects, &c. Landed 
Property, by J. Donaldson, 8vo. 1854. [tory and Diary for 1888. 

Sears, J. E. The Architect, Surveyor, and Engineer’s Compendium, Specialist’s Direc- 
SeddoD, fi. C. Notes on the Building Trades and Building Construction. 2nd edition, 
folio. Chatham, 1877. Builder’s Work and the Building Trade. 8vo. 1886. 

Science and Art Department. Notes on Building Construction. 3 vols. 8vo. 1875-79. 
Spons* Architects* and Builders’ Pocket Book, &c. 14th edition, by W. Young, 32mo. 1887. 
Walker, T.L, Architectural Precedents; with Essay on Arch itocturalPraci ice. 8vo. 1841. 
Ware, W. R. Examples of Building Construction, 8vo. and 4to. Boston, U.S.A., 1877-80. 
Wheeler, W. H, Construction, &c., of Roadways. 8^0. 1877. 

Wightwick, G. Hints to Young Architects. 2nd edition, 8vo, 1860, New edition, 
by G. H. Guillaume, 12mo, 1880. 


XVI. DEBIGH, BEAWING, PERSPECTIVE. 

Adh5mar, J. Traits de Perspective. 8vo. Paris, 1838. [4jto. Paris, 1850. 

Armengaud, C. Cours ^Umentaire de Dessin industriel a Tusage des Ecoles premieres. 

Nouveau Cours raisonn^ de Dessin industriel appliqii4 principalement a la 

M^canique et & I* Architecture. Folio. Paris, 1848. 

Billings, R. W. The Infinity of Geometric Design exemplified. 4to. 1849« 

The Power of Form applied to Geometric Tracery. 8vo. 1851. 

Burchett, R, Linear Perspective. 18th edition, 8vo. 1878. 

Burges, W. Architectural Drawings : Measured Drawings from France, England, and 
Italy, illustrating 13th century work. Folio. 1870. 

Davidson, E. A. Projection, 12mo. (1868.) Other works on Drawing for Trades. 

Edwards, M. A Guide to Modelling in Clay or Wax. 8vo. 1879. [Paris, 1846. 

Grand, A. le. Dessin lin^ire, bas4 sur la G4oro4trie pratique et la Perspective. Folio. 

Griffith, W. P. Ancient Gothic Churches ; their Proportions, &c. 3 parts, 4td. 1847-52. 

Gwilt. J. Seiogrcyhy ; or, Examples of Shadows; with Rules, &c. 8vo. 24 plates. 1824 

Harding, J . D. Elementary Art ; or. the Use of the Black-lead Pencil advocated and ex- 
plained, ^ 28 plates, 4to., 4th edition. 1858. Lessons on Art, 2 vols. 48 plates, 
2nd Bditfon, 8vo. 1 854. ' Principles and Practice of Art ; treating of l^auty of Form, 
Imitation, Composition, Light, ‘Shado, Effect, and Colour. ‘4to. 184A‘ ’ ‘ 
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Jousie, M. Secrets d^Arohitcciuife et dds Traits G^om^triques. Folio* Fliche, 1642. 
Mahan, D. H. Tndastrud'Xhjawing; Use of Drawing Instmments, Plane Figures, Solids, 
&c. &c. 8ro. New York, 1852. 

Malton, J. Young Painter’s Maulstick. 4to. 1806. 

— —— Practical Treatise on Perspective. 4to. 1800. 

Malton, T. Complete Treatise on Perspective. Folio, 2 vols. 1778. 

Minifie, W. Text- Book of Geometrical Drawing, for the use of Mechanics and Schools; 
Drawing Plans, &c., of Buildings and Machinery, Isometrical Drawing, Linear Per- 
spective, and Shadows. New edition. 8vo. Bjiltimore, 1851. 

Monge, G., et Brisson, M. G^om5trie Descriptive ; suivie d’une Th^orie des Ombrea et 
. de la Perspective. 7th edition, 4to, Paris, 1847. 

Normand, L. M., et Rebout, A. E. M. Etudes d’Ombres et de lavis. Folio, Paris, 1845. 
Ogle, C. C. The Centrolinead. 8vo. 1873. 

Pasley, C. W. Course of Practical Geometry and Plan Drawing. 8vo. 1838. 

Portlock, E. J., and others. Geometrical Drawing. 4to. 1863. 

Prout, S. Hints on Light, Shadow, and Composit’on, &c. 4to. 1838. [4Lo, 1854. 

Pyne, G. Rules for Drawing; Outline, Orders, Perspective, Light and Shade, Colour, 
Roy. C. F. le. Traits de G6om6trio Descriptive. 3rd edition, 2 vols. 8vo. Paris, 1851). 
Ruskin, J. Lectures on Architecture and Painting. 8vo. 1852. 

The Elements of Perspective. 8vo. 1859. 

Simms, F. W. Mathematical and Drawing Instruments. 12mo. 1847. 

Smith, J. Projection and Artistic Drawing. 2nd edition, 8vo. 1843. 

Sopwith, T. Isometrical Drawing. 2rid edition, 8vo. 1843. 

Spiers, R. P. Architectural Drawing. 4to. 1887. [1878, 

Stanley, W. F. Descriptive Treatise on Mathematical Instruments. 5th edition, 8vo. 
Tarn, E. W. Practical Geometry for the Architect, Engineer, Surveyor, and Mechanic. 

8vo. 1871. ^ [Paris, 1863, 

Tripon, J. B. Etudes progressives et complies d’ Architecture et de Lavis. Folio. 
Twining, H. Nature and Application of Perspective and Foreshortening. 8vo. 1850. 
Ware, W. R. Modern Perspective. 8vo. and 4to. B ston, U.SA., 1883. 

Warren, S. E. Shades and Shadows : General Problems formed both by Parallel and by 
Radial Rays. 8vo. New York, 1867. 

Willson, H. Use of a Box of CoJours : Composition, Light and Shade. 8vo. 1842, 
Wilme, B. P. Handboox lor Mapping, Engineering, and Architectural Drawing. 8vo, 
1846. 


Xm. ORNAMENT, DECORATION, BRASSES, &o. 

Adams, L. G. Recueil de Sculptures Gothiques dapr5s les plus Beaux Monuments en 
France depuis le XP jusqu’au XV« Si^cle. 192 plates, 2 vols, 4to. Paris, 1856. 

Decorations Interieures et Meubles des Epoques de Louis XJIJ, et XIV., d apris 

les Compositions de C. de Passe, etc. 100 plates, foliA Paris, 1862-64. [1805. 

Albertolli, F. Corso Elementare di Ornamentj^ Architettonici. Folio, 28 plates. Mi 'an, 
E. Les Carrelages ^Imailliis du Moyen Age et de la Renaissance. 4to. Paris, 1859. 

Antonelli. Colleziono de’ Migliori Ornamenti Antichi nella Citta di Ven- zia. 130 plates, 
4to. Venezia, 18 

Archit^ectural Ornni.ionts. A Collection of Capitals, Friezes, Roses, Entablatures, Mould- 
ings, &c., drawn on Stone from the Antique. 100 plates. (Ackermann), 1824. 

Arundel Society. Sculptured Ornament of the Monastery of Batalha. Folio. 1868. 

Asselineau, C. Meubles et Objets divers du Moyen Age et de la Renaissance. Folio. 
Paris, 1854. 

Audsley, W. J. and G. A. Outlines of Ornament in the Leading Styles. Folio. 1881, 

— , G. A., and Bowes, J. L. Keramic Art of Jspan. Folio. i875. 

Baldus, E. Palais du LouvTe et des Tuileries; Motifs de Decoration Interieure et Ex- 
terieure. 2 vols. folio. Paris, 1874. 

— Recueil d’Ornements d’apr^s les Maitres les plus ceifebres des XV* au XVTH* 
Siiclea, Folio. Paris, 1869. 

Basoli, A. Raccolta di Diversi Ornamenti. 100 plates, folio. Bologna, 1838. 

— Compartimenti di Camere. 100 plates, folio, Bolo^e, 1827, 

Beauvallet, P. N. Fragmens d’ Architecture, Sculpture, et Peinture dans le Style Antique, 

I Folio, Paris, 1804. 

Blashfield, J. M. History and Manufacture of Ancient and Modem Terra Cotta, and ol 
its Use in Architecture. 12mo. 1856. 

Bock, translated by Suekau. Les Tr^eors Sacr^s de Cologne. 48 plates, coloured. 

Bordeaux, R, Serrurerie du Moyen Age. 4to. Paris, 1858. 

porsato, G. , Opera Ornamentale ; con Oenni Storici dell’ Omato Deeorativo Italiaoo di 
6i0 plates, folio. ‘Milano, 1831, 
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Bontell, C. Monumontal Brasses of England. 8vo. 1849. 

Boutowski, V. de. Histoire de rOmement Russe du X* an XVI* Si&ele, d^aprislAS mann« 
scrits. 200 plates, folio. Paris, 1870-72. 

Charles, R. Decoratire Designs by Robert Adams. Folio. 1883. 

Choix des Monnmens les pjus remarqnables des Anciens Egyptiens, des Persana, des 
Grecs, des Volsques, des Etrusques, et deg Homains, consistans en Statues, Bas-Reliefs, 
et Vases. 2 to’s. folio. 244 plates. Roni'^, 1788. # 

Cicogunra, L. Monnmenti Sepolcrali cospicui eretti alle Kemorie degli Uomini Celebri 
in Venezia, &c. Folio Turin, 18o8. 

Clarkson, D. A. Ancient Ironwork from the 18th century. 4to. 1860. 

Colette, J. Livre de divers Ornemens pour Plafonds, Cintres, Surbaiss^es, Galerios. 
Folio, 10 plates. Paris. 

Colling, J. K. Art Foliage for Sculpture and Decoration. 72 plates, 4to. 1865. 

Gothic Ornaments of Great Britain. 200 plates, 2 toIs. 4to. 1848-56. 

Examples of English Mediaeval Foliage, taken from Buildings of the 12th to 

16th century. 4to. 1872 

Columbani, P Cnpitals, Friezes, andjCorniceg, &c. 4to. 

Cramer, J. 0. Omemonts du Moyen Age en Italie et en Sioile. 4to. Ratisbon, 1842, 

Oreeuy, W. F. A Book of Fac-similes of Monumental Bmsses on the Continent of 
Europe. Folio. Norwich, 1884. 

Cuder, T. W. A Grammar of Japanese Ornament and Design. 65 plates, 4to. 
1880, 1887. 

Cutts, E. L. Manual for the Study of Sepulchral Slabs and Crosses of the Middle Ages. 
8vo. OxfwTfl, 1840. 

Daly, C. Motifs Historiques d’ Architecture et de Sculpture d’Ornement des Monuments 
Franqais de la Renaissance d la flu de Louis XVI. Two series, folio. Paris, 18G6- 
68; 1874. Motifs Historiques d’ Architecture, etc., pour la Composition et la Decora- 
tion ext^rieure des Edifices publics et prives. 2 vols. folio. Paris, 1870. 

Davidson, E. A. Amateur House Carpenter. 8vo. 1875. 

Day, L F. The Anatomy of Pattern. 8vo. 1880. 

Degon, L. Constructions en Briques, 48 plates, 4to. Paris, 1869. 

Constructions en Bois; Motifs de Decoration et d’Ornement. 48 plates, 4to. 

Destaillsur, H. Recueil d’Estampes relatives a rOrnementation des Ap^rtements aux 

. XVP-XVIU* Sikles. Folio. Paris, 1866-71. 

Didron, A. N. Manuel des (Euvres de Bronze et d’Orfevrerie du Moyen Age ; drawn by 
L Gaucherel. 4 to, Paris. 1859. 

Dietterlein, W, Architectura von Au«stheilung, etc. der fiinff Seulen. Folio. Nurem- 
berg, 1693, 1698. 6 Biich, It 65. New edition, folio. Li^ge, 1862. 

Drawing-Book of the Government School of Design. Folio. 1842-43. 

Dresser, C. Modern Ornamentation. 60 plates, 4to. (1866.) Art of Decorative Designs. 
8vo. 1862. Japan: its Architecture, ^rt, &c. 8vo. 1882. 

^ Duch^ne, Lacroix, et SerA Le Moyen Age et la Renaissance ; Histoire des Mceurs, des 
Arts, etc., a.d. 600-1 COO. 300 plates, 6 vols. 4to. Paris, 1848-61. 

Eastlako, E, Recueil de Meubles et d’Ornements Int^rieurs de difKrents Styles depuis 
I’Epoqua Louis XIII. 2 vols. folio. Bruxelles. 

Eb belts, D. J, Examples of Decorative Wrought Ironwork of XVIIth and XVIIIth 
centuries. Folio. 1879. 

Eggert, F. Sammlung Gothischer Verzierungen. Plates, folioWSIunich. 

Eisenlohr, F. Ornamentik in ihrer Anweudung auf vorschiedene Gegeiistunde derBauge- 
werke, Foli,i. Oai^srahe and Leipzig, 1851. 

Mittelalterliche Bauwerke im siidwestlichen Deutschland und am Rhein. 

und Feederle, F. Holzbauten des Schwarzw aides, &c. Folio. Carlsruhe, 1864. 

Fabre, A., and Veslay, Ii. de. L’ Architecture au Salon; Art Antique, Moyen ge. Re- 
naissance, etc. Folio. Paris, 1872. 

Fergusson, J. Tree and Serpent Worship. 4to. 1868. 

Feuchere, L. L’Art Industnel ; Recueil de Dispositions et DAiorstions IntAdeures. 72 
plates, folio. Paris, 1839-48. 

Fowler, W. Collection of Mosaic, Roman and Norman Tesselated Pavements, and ancient 
Stained Glass, discovered in different parts of England. Folio. Various dates, from 
1798 to 1821. Collations and Notes, 4to. 1883, by Lord Lindsay. 

Gauchprel, L. Exemples de Decoration appliqu^ i ^Architecture et k la Peinture. 120 
plates, 4to. Paris, 1867. 

Haines, H. A Manual of Monumental Brasses. 2 vols. 8m Oxford, 1861. 

^ Havaid, H. L’Art dans la Maison. 8vo. Paris, 1884. 

Heideloff, 0, A. von. Art Specimens of Nuremberg, for TuTneri, Pottery and porcelain 

. Manufacturers, Jewellers and Goldsmiths, Woodcarvers, Carpenters, 4 parts, 4to. 
Nuremberg, 1851, 
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Heideloff, C. A. von, and Gorgel, C. Les Ornements du Mojen (Byzantine and Gothic 
Styles). 144 plates, 4 parts, 4to. Kuremberg, 1843-4)2. 

Hessemer, F. M. Arabische und Alt-Italienische Bauverzierungen. 120 plates, large folio. 
Berlin, 1842. 

Hill, A. G. Orgfldi Cases and Organs of the Middle Ages and Renaissance. Folio. 1883. 

Hinz, A. Die Schatzkammer dec Marienkirche zu Hantzig. 8vo. 1871. 

Hulme, F. E. Suggestions in Floral Design. Folio. 1886. 

Husson, F. L’ Architecture Ferroni^re; Exemples de Construction et d’Ornementation 
ancienncs et modernes. 4to. Paris, 1872. 

Jrtcqueraart. A. History of the Ct-ramic Art — of all Ages and all Nations. Translated 
Viy Mrs. Bury Palliiner. 8vo. 1873. * 

Jalembier, C. A. Principes d’Ornemens pour T Architecture. 40 plates. Paris. 

Jenkins, W., and Hosking, W. Selection of Architectural and other Ornaments, Greek, 
Roman, and talian. 26 plates, folio. 1829 

Jombert, C. A. Repertoire des Artistes; ou Recueil de Compositions d’Architecture et 
d'Ornemens, antiques et modernes, de toute esp^cc, par divers Auteurs. 2 vols. folio. 
Paris, 1765. 

Owen. Examples of Chinese Ornament. 4to. 1866; and 8vo. 1867. The 
and the False in the Decorative Arts. 8vo. 1863. 

Julienne, E. L'Omemnniste des Arts Industriels. Folio. Paris, 1840. 

Julienne, M. E. L’Orf^vrerie Fran^aise, les Bronzes et la Q^ramiqiie. Folio. Paris, 1868. 

King, T. H. Orf^vrerie et Ouvrages en M4tal du Moyen Age. 200 plates, 2 vols. folio. 
Bruges, 1863-60. 

Kinross, J. Details from Italian Buildings, chiefly Renaissance. ^Folio. Edinburgh, 1882. 

Labarte, J. Histoire des Arts Industriels au Moyen Age et a I’Epofue de la Renaissance. 
2 vols 4to. Paris, 1848-51. 

Lachave Nouvelle Collection de Menuiserie en BAtiments. Folio. 1 864. 

S<-rrurerie. Recueil contenant Balcons en fer corroye et d’autres en fonte, lits en 

fer, etc Folio. 1864. 

Lavedan, B. Guide Pratique de S rrurerio Usuelle et Artistique a Tusage des Archi- 
tectes, etc. 3 vols 4to. Paris, 1867. 

Lefuel Palais du Louvre et des Tuileries ; Motifs dgft^corations. Folio. Paris, 1870. 

Le Noir, A. Nouvelle Collection d’ Arabesques propSPa la Decoration des Appartemons 
deesinees a Rome par L. Poussin 4to. Paris. 

Le Pautre, A. (Euvres d 'Architecture ; contenant l^s Frises, Feuillages, Montans ou 
Pilastrcs, Grotesques, Moresques, Panneaux, Placarts. Triimoaux, Lambris, Amortisse- 
mens, Plafonds, et g^iK^ralement tout ce qui concerne TOrnement. 3 vols. folio. Paris, 
1751. 

Levy, E. Meubles Religieux et^Civils conserves dans les Principaux Monasteres et 
Musses de TEurope du Moyen Age et do la Renaissance. Folio. 1863. 

Lewis, T. C. Organ Building and Bell Founding. 4to. 1878. [Munich, 1872. 

Motz 2 er, E. Ornaments designed from Flowers, for Architects, Decorators, &c. Folio^ 

Moreau, C. Fragmens et Ornemens d’Architecture dessin^s a Rome d’apr^s I’Antique, 
formant un Supplement a TCEuvro d’Architecture de Desgodetz. Large folio, 30 plates, . 
Paris, 1802. 

Nichols, J. G. Essay on Encaustic Tiles, with Examples. 4to. 1842-45. 

Normand, C. Le Guide de rOrnemoniste et de Decoration. New edition, folio. Liige, 1847. 

Nouveau Recueil en divers Genres d’Ornemens, et autres Objets propres & la 

Decoration. Folio, 46 plates. Paris, 1803. 

Oldham, T. Ancient Irish Pavement Tiles. 4to. Dublin, 1842. 

Ornament. Collezione dei Migliori Ornamenti Antichi, sparsi nella Cittk di Venezia, con 
alcuni Frammenti di Gotica Architettura. Folio. Venezia, 1843-46. 

Cours !lEl6mentaire8 de Lavis apolique d rOmementatiOn. Folio. Paris, 1863, 

Papworth, J. W. and W. Specimens of Decoration in the Italian Style, selected from the 
Designs of RaflRiello in the Vatican Palace at Rome. 14 plates, 4to, 1844. 

Pequenot. Architecture, Sculpture, Ohemindes, Plafonds, Decorations Imdrieures, d’aprds 
les Maiires. 200 plates, 4to. Paris. 

Percier, C., et Fontaine, P. F. L. Recueil de Ddcorations Intdrieures, comprenant tout ce 
qui a rapport 4 I’Ameublement. Folio, 72 plates. Paris, 1812. 

Pergolesi, M. A. Designs for Arabesques. Large folio, 30 plates. 1777-86. 

Petit, V, Nouveau Portefeuille de I’Ornemsniste. 60 plates, folio. Paris, 1 864, 

et Bisiaux. Motifs de Decoration. Ist series, 60 plates, folio. Paris, 1864. 

Pfnor, R. Architecture, Decoration et Ameublement de ITEpoque de Louis XVI. Folio, 
Paris, 1864.-66. 

Ornementation nsuelle de toutes les Epoques dans les Arts lodustrielles et eo 

Architecture. 2 vols. folio. Paris, 1867-68. 

Piroli, T. Monumens Antiques du Musde Napoldon. 4 vols. 4to. 40 plates. Paris, 1804. 
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Pompeii GU OraaU delle Pareti ed i Pavimenlt delle Stance dell* Antica Pompeia. 
Allan Iblio, 21 plates. Kapoli, 1796. 

Pogin, A. W. N. Glossarjr of Ecclesiastical Ornament and Costume. 3rd edition. 4to. 
13C8. 

Floriated Ornament A Series of 31 Designs. 4to. 1849. 

Pullan. R. P. The Designs of William Burgfs. Folio. 1886. 

Queverdo, F. M. Decorations Interieures ; Epoque de Louis XVI. Folio. Paris. 

Bamee, D. Sculptures Decoratives, Motifs d’Oroementation recueillis en France, Alle- 
magne, Italie, et Espagne, dans les plus Beaux Monuments ilevis du XII* au XVI* 
Si^cle. 4to. Paris, 1863-64. 

Meubles Religieux et Cjvils, conserves dons les principaux Monuments et Musses 

de I’Europe, pendant Moyen Age—de Louis XVI. 2 vols. folio. Paris, 1864. 

Reynard, 0, Omemens des Anciens Maitres desXV* du XVIII* Slides. Folio. Paris, 
1844. 

Richardson, C. J. Stndies of Ornamental Design. 2 vols. folio. 1849-61. 

Rigollot. Histoire des Arts du Dessin, depuis T^^lpoque Romaine jusqu’4 la fin du 
seiziime Slide. 2 vols 8vo. Paris, 1861. 

Romagnesi. Recueil d’Omemens en Sculptures. Folio. Paris, 1843. 

Rottman, L. Ornaments from the Interiors of Celebrated Buildings of Munich. Folio. 
Munich, 1849. 

Rouyer, E., et Darcel, A. L’Art Architectural en France depuis Francois I*' jusqu’4 
Louis XIV ; Motifs de Dicoration. 184 plates, 4to. Pans, 1862-65. 

Rungo, L. Essais sur les Constructions en Briques en Italie. Text French and German. 
2 series, folio. Berlin, 1846-53. 

Schmidt, G. W. Bandenkmale in Trier und seiner Umgebung. 5 parts, folio and 4 to. 
Treves, 1836-46. 

Scott, Sir G. G. Guide to the Architectural Museum. 8vo. 1876. 

Scott, W. B. The Omamentist ; Designs selected from the Works of Dietterlin, Berain, 
Blondel, Meissonier, Le Pautre, &c. 4to. Edinburgh, 1846. 

Sharpe E. The Ornamentation of the Transitional Period of British Architecture, 1145- 
1190. 4to. 1871. 

Shaw, H. Handbook of Mediae va h ^lphabets and Devices. 8vo. 1 853, 

■ Decorative Arts of the l4Ple Ages. 8vo. 1861. 

Specimens of Tile Pavements. 4to. 1862. 

Siivestre, J. Collection d’Alphnbets ; Histoires et Fleuronnds tires des Principales Biblio- 
th^ues de I’Europe. Folio. Paris, 15^43. 

Sommerard, A. du. Les Arts du Moyen Age, en ce qui concerne principalement le Palais 
de Paris; THotel de Cluny, etc. 11 vols. 8vo. and folio. Paris, 1838-46. 

Talbert, B. J. Gothic Forms applied to Furniture, Metal Work, Decoration, &c. Folio. 
Birmingham, 1868. 

Tatham, C. H, Grecian and Roman Ornafnents. Folio, 101 plates. 1826. 

Thiol let, F. ModMes de Serrurerie et Fonte de Fer. Folio. Paris. 

Tyrwhitt, R. St. J. Christian Art and Symbolism. 8vo. 1872. 

Ura4, G, L’Art D^coratif; Modules de Decoration et d’Ornementation de tons les Styles, 
4to. Paris, 1862. ^ 

Ungewitter, G. G. Plans, etc. Meubles du Moyen Age, composes par G. U. 48 plates, 
folio. Leipzig, 1866, 

- Sammlung mittelalterlicher Ornamontik in Geschichtlicber. Liepzig, 1863 

Vatican. Recueil d’ Arabesques ; contenant les Loges du Vatican, gn^jpHl’apres Raphael 
et grand Nombre d’autres Compositions du m^me Gofit dans le StyleAntique. Large 
folio. Paris, 1802. 

Viollet-le-Duc. E. E. Dictionnaire Raisonne du Mobilier Fran9ai8 de I’^lpoque Carlovin- 
gienne e la Renaissance. 4 vols. 8vo. Paris, 1858-72, 

Volpato, J. Raphael’K Loggie del Vaticano. 3 vols. folio. Rome, 1772-77. 

Vulliamy, L. Examples ot Ornamental Sculpture in Architecture. 40 plates, folio, 1828. 

Waller, J. G. and L. Monumental Brasses from Edward I. to Elizabeth. Folio. 

Waring, J. B. Illustrations of Architecture and Ornament. 4to. 1868, 

Stone Monuments, Tumuli, and Ornaments of Remote Ages. 4to. 1870. 

Weale, J. Ornamental Ironwork, Gates, Ledges, Palisading, &c., in the Royal Porks, &c. 
4to. 1840. 

Womum, R. N. Analysis of Ornament ; Characteristics of Styles, 8vo. 3866. 

Zach. Ornements d’Architecture du Moyen Age d’Anglettsrre et de France. 4tOf 
Munich, 1842. 

ZaJin, W. Select Ornaments for Architects and Workmen. Folio. 1844. 

2^neUii G. Stud|j Architettonico-Omamentali* Folio, Venesiai 1846. 
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xym. COLOTTBSD BSOOBAHOV, STAIKXD 0LA88, HEEAiraT, fte. 

Adams, E. Polychromatic Ornament of Italy. 4to. 1847. 

Arrowsmith, W. and A, House Decorator’s and Painter’s Guide ; Designs for Decorating 
Apartments. 4to. 1840. 

Bedford, W. K. R. The Blazon of Episcopacy. 8vo. 1868. 

Benson, W. Manual of the Science of Colour. 8vo. 1871. 

Berg, A- R., and P. van der. School of Painting for the Imitation of Woods end 
Marbles. 36 plates, folio. 

Blackburne, E. L. History of the Decorative Painting applied to English Architecture 
during the Middle Ages. 4to. 1847. 

Bourgoin, J. Les Arts Arabes. Archi.ecture, Menuiserie, Bronzes, Plafonds, Marbres, 
Pavements. Vitraux, etc., et lo trait g^n^ral de I’Art Arabe. Folio. Paris, 1878, 

Burke, Sir B. Encyclopaedia of Heraldry or General Armory. 8vo. 1842. New 
edition. 1878. 

Gahier, C., et Martin, A. Vitraux Pients de Saint>!Etienne de Bonrges ; Recherches 
d4tacb4e8 d’une Monographie de cette Caih4drale. Verri^res dii XIII* Si^cle. 74 
plates, folio. Paris, 1841-44. 

Suite aux Melanges d’Archdologie. Ser. 1'*. Carrelages et Tissue. 8vo. 

Paris 1878. 

Caneto, F. Sainte-Marie d’Auch ; Atlas Monographique de cette Catb4drale. 60 plates 
of glass, folio. Paris, 1857. 

Chevreul, M. E. De la Loi du Contraste Siraultan4 des Couleurs, etc. 8vo. Paris, 1829. 
Plates, 4to. 1839. Translated by C. Martel. 8vo. London, 1864. Translated by 
J. Spanton. 8vo. I860 and 1883. 

Church, A. H. Colour: an Elementary Manual for Students. 8vo., new edition. 
1887. 

Daly, C. Decorations Interieures Peintres. Salons, Salles a Manger, Chambres & 
Coucher, etc. etc. 3rd series of L’Architecture Priree. Folio. Paris, 1874. 

Davidsop, E. A. House Painting, Graining, Marbling, &c. 12mo. 1876. 

Descamps, H. P. V,, et Le Maistre-d’Anstaing, I. Vitraux de la Cathedrale de Toumai, 
dessines par Capronnier. 13 plates, folio. Paris, 1846-48. 

Deville, A. Histoire de I’Art de la Verrerie dans I’AntiquitA 4to. Paris, 1873. 

Dupont- Auborville. Art Indust riel. ^’Orneroent du Tissus, Recueil Historique et Pra- 
tique de I’Art Ancien, du Moyen Age, de la Renaissance, et des XVII* et XVIIP 
Siecles. 100 plates. Folio. Paris, 1874-77. 

Fenger, L. P. Dorische Polychromie. 4to. 1886, 

Field, G. Chromatography ; or, a Treatise on Colours and Pigments, and of their Powers 
in Painting. 2nd edition, 8vo. 1841. Revised by T. W. Salter. 8vo. 1869. 

Rudiments of the Painter’s Art; or, a Grammar of Colouring. 12mo. 1860. 

Fowler, W. Collection of Pavements, &c. (See List XVII.) 

French, G. H. Hints on the Arrangement of Colours in Ancient Decorative Art 2nd 
edition, 8vo. Manchester, 1850. 

Gaucherel, L. Exemples de Decoration appliques k TArchriecture et a la Peinture depuis 
TAntiquitejusqu’e nos jours. 4to. Paris, 1867. 

Girault de Prangey. Choix d'Ornemens Moresques de TAlhambra, Folio. Paris, 
1847. 

Goethe, J. W. von. Theory of Colours. Translated from the German by C. L. Eastlake 
8vo. 1840. 

Gruner, L. Fresco Decorations and Stuccoes of Churches and Palaces in Italy during the 
XVth and XVIth Centuries. Text by J. I. Hittorff. 4to. plates, folio. 1844. New 
edition, 1864. 

Ornamental Designs for Decorations and Manufactures. Published hr the 

Government School of Design. Folio. 1848. 

Hay, D. R. Nomenclature of Colours, Hues, Tints, and Shades. 8vo. Edinburgh, 1845 

Principles of Beauty in Colouring Systematised, 8vo. Edinburgh, 1845. 

Higgins, W. M. The House Decorator, or Decorator’s Companion ; a Complete Treatise 
on the Art of House Painting, Graining, Marbling, &c. 4to. 

Hittorflf J. I., et Zanth, L. von, L’Awhitecture Polychrome chez les Grecs. Folio. 
Paris, 1852, 

Hunt, W. H. The Present System of obtaining Materials in use by Artist Puintets, as 
compared with that of the Old Masters ; read before the Society of Arts, &c. Journal, 
1886. 

Jones, 0. Attempt to define the Principles which should regulate the Employment of 
Colour in Decorative Arts, 8vo. 1852. 

Grammar of Omsment. Folia 1857. 4to. edition, 1865-66, 
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lAnglois, E. H. Essai Historique Descriptif sar la Peinture sar Vem, Ancienne et 
MMeme, et sar les Vitraax lea alas Bemarqaablea. 8to. Roaea, 1832. 

Latilla, E. Fresco, Encaastic, and Tempera Painting. 8to. 1842. 

Levy, k,, et Capronnier, J. B. Hiatoire de la Peinture sur Verre ea Europe. 87 plates, 
folia Bruxelles, 1860. Paris, 1866. 

Linfon, W. Ancient and Modem Colours ; with their Chenucal and Artistical Properties. 
8vo, 1862. 

Magne, L. L’CEuvre des Peintures Verriers Franqaie. 8vo. 1887. 

Mandelgren, N. M. Notes ear I'Ex^cution technique de nos vieilies Peintures d^l^lise, 
et snr le Moyen de les Restaurer. 8vo. Stockholm, 1873. 

Merrifield, Mrs. M. P. Art of Fresco Painting, as practised by the old Italian and 
Spanish Masters. 8vo. 1846. 

Miller, F. Interior Decoration : Surface Decoration, with Notes on Colour, Stencilling, 
and Panel Painting. 8vo. 1887. 

Moore, Q-. B. Principles of Colour applied to Decorative Art. 8vo. 1861. 

Morton, H. History of Paperhangings ; with a Review of other Modes of Mnral 
Decoration. 8vo. Liverpool, 1876. 

Papworth, J. W., and Morant, A. An Alphabetical Dictionary of Coats of Arms belong- 
ing to Families in Great Britain and Ireland ; or, Ordinary of British ArmoriHs. 8vu. 
1874. 

Racinet, A. L’Omement Polychrome; Becueil Historique et Pratique— 17th and 18th 
Centories. 100 plates, folio. Paris, 1870-72. 

Rossi, G. B. do. Mxisaici Ohrigtiani e Siiggi dri Pavimenti delle Chiese di Roma ante- 
riore al Secolo XV. Folio. Roma, 1872* 

Science and Art Department, South Konsinglon. A List of Buildings in England having 
Marble or other Painted Decorations, ci dates previous to the middle of the 16th 
century. By R. H. Smith. 8vo. 1872^ 3rd edition, 8vo. 1883. 

Report on Mosaic Pictures for Wijl-decorations, and Notes of Objects in Italy 

suitable for reproduction by various msmods. 8vo. 1872. 

Sep6, F., et Louandre C. Les Arts Somptuaires ; Histoire du Costume et de I’Ameuble- 

W . ment en Europe, et des Arts et Industries qui s'y rattachent. 4 vols. 4to. Paris, 

¥ 1862-68. 

Standage, H. C. The Artist’s Manual of Pigments, showing their Composition, 
Conmtions of Permanency, non-Permanency, Adulteration, &c., Tests of Purity. 8v© 
1887. 

Texier, C. Histoire de la Peinture sur Verre en Limousin. 8vo. Paris, 1847. 

Vacher, S. Fifteenth Century Italian Ornament. Folio, 1886. 

Waring, J. B. Arts connected with Architecture; Stained Glass, Fresco Ornament, 
Inlay, &c., during 13th to loth century in Central Italy. 41 plates, folio. IS-^S. 

Warrington, W. Histoiy of Stained Glass from the Earliest Period. Folio. 1848. 

Weale, J. Divers Works of Early Masters in Stained and Painted Glass. 2 vols. folio. 
3846. 

Westwood, J. 0. Distinctive Character of the various Styles of Ornamentation empl'^yed 
by the ^rly British, Anglo-Saxon, and Irish Artists. 8vo. 1864. 

- . . Facsimiles of Miniatures and Ornaments of Anglo-Saxon and Irish MSS. 

Folio. 1868. 

Whitaker, H. Materials for a new Style of Ornamentation, consisting of Botanical Sub- 
jects and Compositions drawn from Nature. 4to. 1849. 

Willement, T, Royal Heraldry. 4to. 1821. 

Wilme, B. P. Manual of Writing and Printing Characters, both Anclint and Modem. 
4to. 1845. 

Wfinston), C. Inquiry into the Difference of Style in Ancient Glass Paintings, especially 
in England; with Hints on Glass Painting. 2 vols. 8vo. Oxford, 1847. 

— Introduction to the Study of Painted Glass, with Remarks on Modern Glass 
Painting. 8vo. 1849. 

Memoirs Illnstrative of the Art of Glass Painting. 8vo. 1866. 

> Wyatt, M. D. Metalwork and its Artistic Design. Folio. 1862. 

Geometrical Mosaics -uS the Middle Ages. Folio. 1868. 

Zahn, W. Die schonsten Omameute und merkwiirdigsten Gemklde ans Pompqji, Herkn- 
lanum und Stabise. 8 series, 260 plates, folio. £rlin, 1829-64. 

— Omamente aller klassischen Kunst-Epochen. 100 plates, 2 vols. folio. Btrlin, 
183<-42, 1843-48, 1849 63. 
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ZIX. STTBYEYIVO; MEVSTTBATIOV ; LXYEILIHO; atTAlTTITIlS; FBIOXS; 

ESTIlCATnrG. 

Ainslie, J. Comprehensive Treatise on Land Surveying. Kew edition, by W. Galbraith. 

8 VO, and 4to. Edinburgh, 1849. 

Baker, T. Land and Enginetring Surveying. 12mo. 1883. 

Mensuration. 12mo. 1859. 

Castle, H. J. Treatise on Land Surveying and Levelling. 8vo. 1845. 

Dobson, E. Student’s Guide to Measuring and Valuing Artificers’ Work. Enlarged 1^ 
E. L. Garbett. 8vo. 1863. New edition, by E. W. Tarn. 8vo. 1871. 

Fletcher, B. Quantities; a Text- Book for Surveyors. 4th edition, 8vo. 1884. 

Leaning, J. Quantity Surveying. 8vo. 1880. 2nd edition, 1886. 

Morel), J. R. Euclid Simplified in Method and Language. 16mo. 1876 

Nesbit, A. Practical Mensuration, with Key. New edition, 12mo. 1852. Fracticsd 

Land Surveying. 10th edition, revised by T. Baker. 8vo. 1855. 

Nicholson, P. Principles of Architecture. 3 vols. 8vo. 1836. 

Reid, J. Young Surv^or’s Preceptor: Art of Architectural Mensuration. 2nd edition* 
4to. 1859. 

Stephenson, G. Estimating: a Method of Pricing Builders’ Quantities. 8vo. 1883. 
Simms, F. W. Principles and Practice of Levelling. 8rd edition, 8vo. 1856. 8vo. 1875. 
Spons’ Archil ects’ and Builders’ Pocket-book of Prices, &c., Jor 1887. Edited by J, 
Young. 14fh edition, 32mo. 1887. 

Young, J. R. Mensuration in Theory and Practice. 8vo. 1853. 

Weir, H. F. Land Measuring Tables, sliowing the Area of any sized Plot 8ve. Glasgow, 
1857. 


XX. LAW; DILAPIDATIONS; PIXTHBES; UGHT AND AIR; ESTATES, fte. 

Addison, C. G. Treatise on the Law of Contracts, and Rights and Liabilities ex con- 
tractu. 6t.h edition, 8vo. 1862. 

Amos, A., and Ferard, J. Treatise on the Law of Fixtures. 8vo. 1847. 

Bayldon, J. S. Art of Valuing Rents and Tillages, and Claims of Tenants upon quitting 
i’arras. 8th edition, by J. C. Morton. 8vo. 1862. 

Bruton, E. G. Ecclesiastical Dilapidations. 2nd edition, 12mo. Oxford, 1865. 

Handylxjok on the Ecclesiastical Dilapidations Act, 1871, with the Amendment 

Act, 1872. 2ad edition, 8vo. 1873. 

Chambers, T., and Tattersall, G. Law relating to Buildings, Fixtures, Insurance, Actions 
on Builders’ Bills, Dilapidations. 12mo. 1845. 

Chitty, J. Treatise on the Law of Contracts. 6th edition, by J. A. Russell, 8vo. 1857, 

Cox, x£. Law and Science of Ancient Lights. 8vo. 1869. 

Dean, G. A. Enfranchisement and Commutation of Copyhold Property considered with 
the Copyhold Enfranchisement Bill. 8vo. 1851. 

• The Land Steward ; Hints on Choice of Landed Estates, Principles of Drainage, 

Irrigation, arrangement of Farm Buildings, Walls, Roads, &c. Svo. 1851* 

Dilapidations. Report of Select Committee ot Royal Inst, of Brit. Architects. 8vo. 1844. 

Ecclesiasdcal Dilapidations Act. Report of the Select Committee, Folio. 1876. 

E1i||m, j. On Dilapidations, Svo. 1829. 

— Practical Treatise on Architectural Jurisprudence. Svo. 1827. 

EmaenfA. The Law relating to Building, Building Leases, and Building Contracts, 
Svo. 1882, 1885. 

Metropolis Management and Building Acts Amendment Act, 1882. Svo, 1882. 

Fletcher, B. Dilapidations. 8rd edition, Svo. 1883. Compensations. 8vo. 1874. 
Light and Air. Revised, 2nd edition, Svo. 1886. Metropolitan Building Acts, 
1855-82. Svo. 1882. Arbitrations. Svo. 1875. 

Gibbons, D. Law of Fixtures. 8vo. 1836. 

— - Law of Dilapidations and Nuisances. New edition, Svo. 1849. 

' I Law of Contracts for Works and Services. 12mo. 1857. 

Goddard* J. L. Treatise on the Law of Easements. 2nd edition, Svo. 1877. 

Goldstraw, W. Manual of the Building Regulations in force in Liverpool. Svo. Liver- 
pool, 1882. 

Grady, S. G. The Law of Fixtures ; Law of Dilapidations. 3pd edition, Svo. 1876. 

Holden, J. Easements and Rights of Light. Svo. Manchester, 1885. 

Hudson* B. Land Valuer’s B^t Assistant ; being Tables on « rtry much improved plan 
for eaJcttlating the Value of Estates, &c.* for laying out Plots of Land. Bvo. (1 8M.) 
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PUBHCATIONS RELATING- 


Ingrain, T. D. Compensation to Land and House Owners. 12mo. 1864. 

Jackson, 0. ,Tbe R»ctical Arbitrator. 8 to. 1879* • . . * 

Jc^ins, E., and Raymond, J. A Legal Handbook for Architects. 8rd edition, 8ro. 
1880. Building Contracts. 8ro. 1873. 

Kerr, R. On Ancient Lights, and the Evidence of Surveyors thereon. 8 yo. 1805. 
* The Consulting Architect. 8vo. 1886. 

Lenktree, J. Elements o^ Land Valuation, and Instructions as to the Qualific«itions and 
Duties of Valuators. 8vo. Dublin, 1853. 

Lathora, F. G. Law of Window Lights, 12mo. 1867. 
liiiw, T. J. Acts for Building Churches. 8vo. 1847. 

Lewin, T. A Practical Treatise on the Law of Trusts. 7th edition, by F. A. Lewin. 
8vo. 1879. 

Low, D, Landed Property and the Economy of Estates. 8vo. 1856. 

Lumley, W. G. Nuisances Removal and Diseases Prevention Act, 1848 ; with Notes and 
the Amending Act: and ditto of 1865. 2nd edition, 12mo. 1860. 

——— Law of Parochial Assessments. 4th edition, 1 2mo. 1858. 

Lyon, G. Compendium of the L.-iw of Landlord and Tenant, as applicable both to Agri- 
cultural Leases and to those of Urban Tenements. 8vo. Edinburgh, 1848. 
Macdonald, D. G. F. Estate Management. 8vo; 18^9. 

McGovern, J. H. Liverpool Compensations. 8 to. Liverpool, 1882. 

Marwick, T. P. Valuation of Heritable and Landed Estate. 8vo. Edinburgh, 1887. 
Morris, T. Clue to Railway Compensation, Value of Estates, and Parochial Assessments, 
&;c. 2nd edition, 12mo. 1866. 

Morton, J. L. The Resources of Estates ; the Agricultural Improvement and General 
Management of Landed Property. 8vo. 

Price, R. On Reversionary Payments and Annuities ; by Morgan. 6th edition, 2 vols 
8vo. 1803. 

Roecoo, E. 8. Digest of Building Cases. 2nd edition, 8vo. 1883. Digest of Law of 
Light. 1881. 2nd edition, 8vo. 1886. 

Rouse, R. The T ractical Man ; or, Pocket Companion for Solicitors, Valuers, and Ownei*s 
ofi^perty. 4th edition, 8vo. 1841. 

Russell, F. The Power and Duty of an Arbitrator. 8vo. 1878. 

St. Leonard, Lord. Handybonk on Property Law. 7th edition, 8vo. 1866. 

Scratchley, A. Copyhold, Life Leasehold, and Church Property. 4th edition, 8vo. 1859. 
Scriven, J. Law of Copyhold, Customary, Freehold, and Ancient Demesne Tenure. 4th 
edition, 2 vols. 8vo. 1849. 

Smith, J.W. Law of Contracts. 8vo. 1865. Law of Landlord and Tenant, 8 vo. 1860. 
Smith, T. R. The Practice of an Architect. 8vo. 1880. 

Tarbuck, E. L. Handbook of House Property ; Guide to the Purchase, Mortgage, Ten- 
ancy, and Compulsory Sale of Houses and Land, &c. 12mo. 1875. 

Handbook of House Property. 2nd edition, 12mo. 1880. 

Watson, W. H. Law of Arbitration and Awards. 8vo. 1846. 

Wily, W. Law of Dilapidation in Ireland. 8vo. Dublin, 1860. / 

Wo^fall, W. Law of Landlord and Tenant. 8vo. 1856. 

Woolrych, H. W. Law of Party Walls and Fences, with Building Act. 8vo. 1845. 

— ' Treatioe of the Law of Ancient and Modern Window Lights. 12mo. 1864. 

The Metropolis Local Management Acts. 8vo. 1880. 

Yool, G. W. Waste, Nuisance, and Trespass. 8vo. 1863. 

C)mpeneatiou to Landowners. 8vo, 1864. 

Ilk ^ i( 

XXI. ftOlSimPlG SITBJECTS. 

Anderson, R. Lightning Condu( tors ; their History, Nature, and Mode of Application, 
3rd edition, revised, &c. 8vo. 1887. 

Ansted, D. T. Elemental Course of Geology, &c. 2nd edition, 12mo. 1856. 

Amott, N. Elements of Physics. ’ 8vo. 1828, 

Beardmore, N. Manual of Hydrology, 8v6. 1862. 

Brande, W. T. Manual of Chemistry. 4th edition, 8vo. 1886, 

Dalemagne, JL. La Silicatisation appliance 4 la Conservation des Monuments, &;e. 4to. 
Pans, 1867. 

l^nkin, W. F. Acoustics. Part I. Theoretical. 8vo. Oxfr»rd, 1870. 

Edwards, F. On Smoky Chimneys, their Cure and Prevention. 4tli edition, 8vo, 1 866, 
Eieetric 'Light: Phoenix Fire Office Rules for Electric Dght Installations, 7th edition, 
8ra 1887. 

Fqwh^ G. Mantinl of Elementary Chemistry, Theor^ ticivl and Practical, 0th edition,* 
'8ro. 1868, ’ 
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Oanot, A. Elementary Treatise on Physics, Translated by K Atkinson. 0th edition, 
8vo. 1663. 

Olynn, J. Construction of Cranes and Machinery for Raising Heary Bodies. 12ino. 
1849. 

Goslin, S. B. A Reriew of Fa ts and Records in connection with Kitchen Boiler 
Explosions, &;c. 8\ro. 1881. 

Hedges, K. Useful Information on Electric Lighting. 8vo. 1882. Precautions to be 
adopted on introducing the Electric Light, dec. 8vo. 1886. 

Hughes, S. Tt^eatise on Gas Works and Practice of Manufacturing Coal Gas, See, 8yo« 

1863. 

Hnmble, W. Dictionary of Geology and Mineralogy. 8rd edition, 8yo. 1840. 

Keily, J, ibepansion of Structures by Heat. 8vo. 1887. 

Lightning-Rod Conference— Report. 8yo. 1882. 

Lyell, Sir C. Elements of Geology. 6th edition, 8vo. 1855. Supplement, 1867. 

Page, D. Introductory Text-Book of Geology. 11th edition, 8vo. Edinburgh, 1877. 

— ' ■ Advanced Text-Book of Geology ; Descriptive and Industrial. 6th wition, 8vo. 
Edinburgh, 1876. 

Parnell, A. The Action of Lightning, and the Means of Defending Life and Pi^perty 
from its Effects. 12mo. 1882. 

Pennethorne, J. The Geometry and Optics of Ancient Architecture; illustrated by 
examples from Thebes, Athens, and Rome. Folio. 1878. 

Peschel, C. F. Elements of Physics. Translated by E. West. 2nd edition, 3 vols. 8ro. 

1864. 

Roscoe, H. E. Elementary Chemistry ; Inorganic and Organic. 12mo. 1869. 

Smbhi T. B. Acoustics of Public Buildings. 12mo. 1861. 

Tomlinson, C. Introduction to the Study of Natural Philosophy, 12mo. 1859. 
Tyndall, J. Sound ; eight Lectures. 8vo. 1869. Heat as a Mode of Motion, 6th 
edition, 8vo. 1880. Light; six Lectures. 1873. 2nd edition, 8vo. 1876. 

Urquhart, J. W,, and Webb, F. 0. Electric Light; its Production and Use. 8vo. 1880. 
Webster, A. W. On the Principles of Sound; their Application in the Construction of 
Public Buildings. 8vo. 1840. 

Webster, T. Principles of Hydrostatics ; or, Law of Fluids. 3rd edition. 8vo. 1847* 
Wilkinson, G. Practical Geology and Ancient Architecture of Ireland. 8vo. 1846. 
Williamson, A. W. Chemistry for Students. 8vo. Oxford, 1868. 

Wilson, G. Chemistry. 12mo. Edinburgh, 1860. 

Wright, M. R. Sound, Light, and Heat. 8vo. 1888. 


XXn. SAKITABY; yEKTILATIOH ; WARHUTO, 

JSaths and Washhouses, See Class IV, 

Beman, W. History and Art of Warming and Ventilating Rooms and Buildings, 
2. vols, 8vo. 1846. 

Blondel et Ser, L. Rapport sur les HOpitaux Civils de la Ville de Loudres. 4to. Paris, 
1862. 

Boulnois, H. P. The Municipal and Sanitary Engineer’s Handbook. 8vo, 1883. 

Brown, G. Water Closets. 12mo. New York, 1884. 

Experiments in Trap Siphonage. 8vo. Washington, 1886. 

Buchan, W. P. A Text-Book to the Practice of the Art and Craft of the Plumber. 
1876. 4tb edition, 8vo. 1888. 

Buckton, C. M. Our Dwellings, Healthy and Unhealthy. 8vo. 1886, 

Collins, H. H. Hints on Home Sanitation. 8vo. 1881. 

Corfie’d, W. H. The Laws of Healtli. 6th edition, revised, 12mo. 1887. 

Water Supply, Sewerage, and Sewi^e Utilisation. Folio. Chatham, 1874. 

Creswell, C. E. Ventilation of Sewers and Drains. Folio. 1884. 

Davies, P. J. Standard Practical Plumbing ; a complete Cydopsedla. 8vo. vol. 1. 1887. 

Dempsey, G. D. On the Drainage of Towns and Buildings. 12mo. 1849. 

Denton, J, B.. The Sewage Question ; explaining the several Processes that have been 
adopted for the Treatment and Utilisation of Sewage. 8vo. 1871. 

—— Sanitary Engineering. 8vo. 1877.. 

— E. F. B. Handbook of House Sanitation. New edition, 8vo. 1882/ 

Drysdale, J., and Hayward, J. H. Health and Comfort in House Building ; or, Ventila- 
tion with Warns Air by Self- acting Suction Power. 8vo. 1872. 

Eaesie^ W. Healthy Hous^: a Ha^book to Defeetaand Remedies of Drainage, Ven- 
tilation, Warming, and kindred subjects. 12mo. 1872* 8vo. 1876. 
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A 

GLOSSAEY OF TERMS 

USED IN 

AKCHITECTUEE AND IN BUILDING. 


[Note.— ’Further explanations, illustrations, &c., of many of the tenns herein will be 
obtained in the Encyclopaedia by reference to the Index ; and many publications on the 
subjects described will be found in the List prefixed hereto.] 


A. 

Abaciscus. A word sometimes used as synonymous with abacus, but more correctly 
applied to a square compartment enclosing a part or the entire pattern or design of a 
Mosaic pavement. 

Abacus. (Gr. ^ slab.) The upper member of the capital of a column, and serving 
as a crowning the capital and to the whole column. It is otherwise defined by 

some as a table, list, or plinth in the upper part of the capitals of columns, 

especially of tblpe of the Corinthian order, serving instead of a drip or corona to the 
capital, and supj^rting the nether face of tiie architrave, and the whole trabeation. In 
the Tuscan, DoHc, and ancient Ionic orders, it is a flat square member, well enough 
resembling the original title ; whence it is called by the French tailloir^ that is, a trencher, 
and by the Italians credmsa. In the richer orders it parts with its original form, the 
four sides or faces of it being arched or cut inwards, and ornamented in the middle of 
each face with a rose or other flower, a fish’s tail, &c. ; and in the Corinthian and Com- 
posite orders it is composed of an ovolo, a fillet, and a caretto. The word is used by 
Scamozzi to signify a concave moulding in the capital of the Tuscan pedestal. 

Abaton. (Gr. Afintroy, an inaccessible place). A building at Khodes, mentioned by 
Vitruvius, lib. ii., entrance to which was forbidden to all persons, because it contained a 
trophy and two bronze statutes erected by Artemisia in memory of her triumph in sur- 
prising the city. 

A^ttoib. (Fr. Abattre, to knock down.) A building appropriated to the slaughtering 
of cattle. All private slaughtering-houses, in large toi»ns at least, should be abolished, 
and public ones, under proper supervision, established, us lately effected at Edinburgh, 
Manchester, and a fetv other towns. ^ ^ 

Abbey. (Fr. Abbai’e.) Properly the building ai^’oining to or near a convent or monas- 
tery, for the residence of the head of the house (abbot or abbess). It is often used for 
the church attached to the establishment, as also for the building composing the whole 
establishment. In such establishments the church was usually grand, and splendidly 
decorated. They had a r^fectory^ which was a large hall in which the monks or nuns 
iiad their meals ; a gmzt kall^ for the reception and entertainment of visitors ; a ^rlour 
or locutory^ ivhere the brothers or sisters met for conversation ; a dormit&ry^ an cUmonry, 
wltjerefrom the alms of the abbey were distributed ; a library and mmeum ; a prison 
for the refractory, and cdls for penance. The sanctuary was rather a precinct than a 
building, in which offenders were, under conditions, safe m)m the operation of the law. 
Grawues, or farm buildings, and ahbatial residences. Schools were usually attached for 
the educate of youth, with separate accommodations for the scholars; a singing sokooL 
A commofi immt with a fire in it, for the brothers or sisters to Warm themselves, no 
other fire being allowed, except in the apartments of the higher officers. A mint for 
coining, and a room called an exchequer. The abbey was alwavs provided with a 
churchyard^ a garden^ aud a bakehouse. The sacristy contained the garments of the 
priests, and the vessels, &c. ; vestiarta or wardrobes being assigned for the monks. 
Many of the ordinary duties id these persons were pm^ormed in the cloisters where they 
delivered their lectures, 
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Abubutoir. (Fr.) In masonry, the joint between two stones, or the interstice to be filled 
up with mortar or cement, when either are to be used. 

Absciss, or Abscissa. A geometrical term, denoting a segment cut off from a straight 
line bj’ an ordinate to a cun’e. 

Absis. See Apsis. 

Absorption. The ^netration of a gas or liquid into any substance ; or the taking up of 
moisture by capillary attraction. A principle seriously affecting the durability of all 
building materials. The rapidity of absorption is not a criterion as to durability, but 
the comparative durability of stones of the tame kind may be tested by the smallness or 
the weight of water which a given weight of stone is capable of absorbing. The actual 
absorption of water by bricks of various qualities has thus been stated : — Malm place 
brick, 62 ouncos of water ; white Surrey, 58 oz. ; white seconds, 62 oz. ; red facing«, 
61 oz. ; pickings, 60 oz. ; stocks, 27 oz. ; Workman's waterproofed, 2 oz. The following 
table of the absorbent powers of certain stones^ when saturated under the exhausted 
receiver of an air-pump is given in the Report of the Commissioners on Building Stones, 
1839 


Sanditone*. 

Oolilet. 

Magnetian Limntonea. 

Umaatonca. 

Craiglelth . , 0‘14IJ 

Heddon . . 0-150 

Kenton , . 0*143 

Mansfield, red . 0-151 

Ancaster . . 0*180 

Bath Box . . 0*812 

Portland . . 0*200 

Ketton . . 0*244 

Bolsover . , 0*182 

Huddlestono . 0*289 

Boach Abbey . 0*248 

Park Nook . . 0*249 

Bamack . . 0*204 

ChJlmark • . 0*063 

Ham-Hill . . 0*147 


The granites^ though closely granulated, take up much more than the grauwacke, but 
less than the sandstones ; while the gratiwacke resists the water four times that of 
granite, and thirty-six times that of Yorkshire sandstones. 

Abstract. A terra in general use among artificers, surveyors, &c. to signify the collect- 
ing together and arranging under a few distinct heads the various small quantities of 
different articles which have been employed in any work, and the affixing of a price to 
determinate portions of each, as per square, per foot, per pound, &c. for tho purpose of 
more expeditiously and conveniently ascertaining the amount. 

Abuse, A term • applied to those practices in architecture which, arising from a desire 
of innovation, and often authorised by custom, tend to unfix the most established 
principles, and to corrupt the best forms, by tho vicious way in which they are used. 
Falladio has given a chapter on them in his work. Ho reduces them to four principal 
ones : the first whereof is tho introduction of brackets or modilHons for supporting a 
weight ; the second, the practice of breaking pediments so as to leave the centre part 
open; third, tho great prqjoction of cornices; and, fourth, the practice of rusticating 
columns. Ha<l Palladio lived to a later day, ho might have greatly increased his list 
of abuses, as Perrault has done in the following list : — the first is that of allowing 
columns and pilasters to penetrate one another, or be conjoined at the angles of a 
building. The second that of coupling columns, which Perrault himself in the Louvre 
has made almost excusable ; the tnird, that of enlarging the metopse in the Doric order, 
* for the purpose of accommodating them to the intercolumniations ; the fourth, that of 
leaving out the inferior part of the tailloir in the modem Ionic capital ; the fifth, that 
^ of running up an order through two or three stories, instead of decorating each story 
with its own order ; the sixth, that of joining, contrary to Uie practice of the ancients, 
th^ plinth of the column to the cornice of the pedestal, by means of an inverted cavetto ; 
the seventh, the use of architrave cornices ; the eighth, that of breaking the entablature 
of an order over a column, &c., &c. 

Abutment. The solid part of a pier from which an arch immediately springs. Abut- 
ments afe artificial or nat^l : the former are usually formed of masonry or brickwork, 
and the latter are the rock or other solid materials on the banks of the river, in the case 
of a bridge, which receive the foot of the arch. It is obvious that they should be of 
sufi^ient solidity and strength to resist the thrust of the arch. 

Abuttals. The buttings or boundings of land. 

Acanthus. {kKwdos^ H spine.) A spiny herbaceous plant found in various parts of the 
Levant. Its leaf is said by Vitruvius to have been the model on which the Grecian 
architects formed the leaves of the Corinthian capital* 

Aanu A genus of trees comprehending the maple sycamore, the wood of which is not 
of much value. That of the aeer campestre fumishea the cabinet makers with what 
they call bijrd’s-eye maple. 

Access. See Passaob ; also Abit. 

CcmBNTAi. Point. In pospective, th^ point in which a straight line* drawn from the 
eye parallel to another straight line the perspective plane. It is the point wherein 
thAvepre^Btations of all straight lisiil paMllet to the original ftiaight Hue concur 
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when produced. Its name is adopted to distinguish it from the principal point or point 
of view. 

AcocrsTics. (Qr. Akoiw, to hear.) The doctrine or theory of sounds, as applicable to 
building. See Thbatiucs, book iii., chap, v., and CiruncHES in Uie same book. The 
subject IS one presenting great difficulty. The statements of various professors, and a 
comparison of buildings themselves, have been collected in a work by Mr. T. JL 
Smith. It was stated b}' Professor Lewis, at a lecture given in 186i-d5, that in con- 
sulting one of tlie most eminent Scottish philosophers respecting the plan for a church, 
the reply was, that in his opinion the principle ^opted would most probably answer ; 
but he added that he had studied acoustics probably as much as any man, and tha 
conclusion he arrived at was that in applying theory to actual practice he knew nothing 
about it, and he believed nobody else knew more. 

Acropolis. (Gr. AKpos and IIoXis, city.) The upper town or citadel of a Grecian city, 
usually the site of the original settlement, and chosen by the colonists for its natural 



Fig. 1361. The Acropolis nt Atbens. 


Strength. The most celebrated were those at Athens, Corinth, audithome; the two 
latter were called the horns of the Peloponnesus, as though their possession could 
secure the submission of the whole peninsuW 
Acroteria. (Gr. Mpwrriptoy, the extremity oi anything.) The pedestals, often without 
base or comice, placed on the centre and sides of pediments for the reception of figures. 
Vitruvius says that the lateral acroteria ought to be half^ the height of the tympanum, 
and the apex acroterium should be an eighth part more. No regular proportion, how- 
ever, is observable in Grecian buildings. 

The word acroterium is applied to the ridge of a building ; it has also been used to 
signify the sUtues on the p^estals ; but it is only to these latter that it is strictly 
applicable. The word has, moreover, been given to the small pieces of wall in balus- 
trades, between the pedestal and the balusters, and again to the pinnacles or other 
ornaments which stand in ranges on the horizontal copings or parapets of buildings. 
Acute Amqle. A term used in geometry to denote an angle less than 90°, that is; 
than a right angle. 

Acute-angled Triangle. A triangle having all its angles acute. Every triangle has at 
least two acute angles. 

Adhesion. (Trfit Adhmreo.) A term in physics denoting the force with which different 
bodies remain attached to each other when brought into contact. It must not be con- 
founded with cohesion, which is the force that unites the particles of a homogeneous 
body with each other. The following is an account of some experiments recordtS in the 
Technical Bepoaitory for 1824 : — ‘ The insertion of a nail is accomplished by destroying 
the cohesion of the wood, its extraction by overcoming the force of adhesion and fric- 
tion. We will consider it here solely as a case of adhesion. Fine sprigs, of which 
4560 weired one pound, ^ of an inch long, forced four-tenths of an inch into dry 
Christiania deals at right angles to the fibre, required a force of 22 lbs. to extract them. 
The same description of nail having 3200 in the pound, of an inch long, and f(y;;ed 
of inch into the same kind of wood, required 37 Ids. to extract it. Threepenny 
brads, 618 to the'pound weight, one and a quarter inch long, forced half an inch into 
• the wood, required a force of 68 lbs. to draw them out. Fivepenny nails, 139 to the 
pound weight, two inches long, and forced one inch and a half into the wood, required a 
force of 320 11^. to extract them. Sixpenny nail^ 73 to the pound, two inches and a 
half long, and for^ one inch into the wood, required 387 lbs. to extract them. - The 
SAine kind of nail forced one inch and a half into the wood reqhired 327 lbs. to it 
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tout ; and one forced two inches into the wood required 630 lbs. to extract it. In this 
l^t experiment the nail was forced into the wood by a hammer of cast-iron weighing 
B'276 lbs, falling from a height of twelve inches, four blows of which were necessary to 
the nail an inch and a half into the wood. It required a pressure of 400 lbs. to 
Hbve the nail te the same depth. A sixpenny nail driven one inch into dry elm across 
grain or fibres required 327 lbs. to draw it out by direct force ; driven endwise int ) 
dry elm, or parallel with the grain, it required only 267 lbs. to extract it. The same 
sort of nail driren into dry Christiania deal was extracted by a force equal to 267 , 

and by one of 87 lbs. from a depth of an inch. The adhesion, therefore, of a nail driven 
into elm across the grain, or at right angles to the fibres of the wood, is |freater than 
when it is driven with the grain, or parallel with the fibres, in the proportion of 100 to 
78, or 4 to 3. And under the same circumstances, in dry Christiania deal, as 100 to 46, 
or nearly 2 to 1. The comparative adhesion of nails in elm and deal is between 2 and 
3 to 1. To extract a sixpenny nail driven one inch into green sycamore required 312 lbs ; 
from dry ojik, 607 lbs. ; and from dry beech, 667 lbs. A common screw of one-fifth of 
an inch had an adhesion about three times as great as that of a sixpenny nail. A 
common sixpenny nail driven two inches in dry oak would require more than half a ton 
to extract it by pressure.’ 

/ Adit (Lat. Adeo), or Aditus. The approach or entrance to n building, &c. Among 
the ancients the adiius tkeatri, or adits of a theatre, were doorways opening on to 
stairs, by which persons entered the theatre from the oiiterTiorfico, and thence descended 
into the seats. Upon the same principle were the adits of a circus. 

Adjacent Angle, in geometi;y, is an angle immediately contiguous to another, so that one 
side is common to both angles. This expression is more particularly applied to denote 
that the two angles have not only one side in common, but likewise that the other two 
side.s form one straight line. 

Adytum. (Gr. ASvroy, a recess.) The secret dark chamber in a temple to which none 
but the priests had access, and from which the oracles were delivered. Seneca, in his 
tragedy of Thyostes says— - 

Hinc orantibus 

Kesponsa dantur certa, dum ingentl sono 
Laxantur adyto fata.’* 

Among the Egyptians the secas was the same thing, and is described by Strabo. The 
only well-preserved ancient adytum that has come to our knowledge is in the little 
temple at Pompeii ; it is raised some steps above the level of the temple itself, and is 
without light, 

Adzb or Addice. An edged tool used to chip surfaces in a horizontal direction, the 
axe being employed to chop materials in vertical positions. The blade, which is of 
iron, forms a small portion of a cylindric surface, in both its sides, and has a wooden 
handle fixed into a socket at one of its extremities, in a radial direction, while the other 
extremity, parallel to the axis of the cylinder, and therefore alright angles to the handle 
i8.e%ed with steel, and ground sharp from the concave side. The adze is chiefly em- 
ployiQd for taking off thin cliips from timber or boards, and for paring away irregulari- 
ties at which the axe cannot come. It is also usfd in most joinings of carpentry, 
particularly when notched one upon another, scarfings, thicknesses of flooring boards 
opposite to the joists, &c. 

Aerial Perspective. The relative apparent recession of objects from the foreground 
owing to the quantity of air interpos^ between them and the spectator. It accompanies 
the recession of the perspective lines. 

.Esthetics. (Gr. Ai<r0vriKos, having the power of perception by means of the senses.') It 
is in the fine arts that science which derives the first principles from the effect which 
certain combinations have on the mind as connected with nature and right reason. S( e 
pp. 796 and 922. 

jfiTiAioi. (Gr. AfTor, an eagle.) The name given by the Greek architects to the slabs 
forming the face of the tmpanum of a pediment. This word occiue in the Athenian 
inscription now in the British Museum, brought to England by Br. Chandler, and 
relating to the survey of some temple at Athens. 

JErroMJkf or JEtos. (Gr. Afros.) A name given by the Greek architects to the tympanum 
of a pediment. It seems derived from the custom of decorating the apex or rioge of tim 
roof with figures of eagles, and that the name thence first given to the ri^e was after- 
wards tran^erred to the pediment itself. 

Air Braiks, or Bry Areas. Cavities between the external walls of a building protected 
by a wall towards the earth^wbioh is thus pevented from lying against the said whI 1<^ 
and creating damp. They may be made wimthe walls battering against the ground, and 

. corere^nver with paving stones, or with their walls nearly perpendicular, gnd arched 
on the tpp. This covering should be abore the ground, and sloped to throw off the 
eret. The bottoms should be pared, and the areas should be weli reatilated* 
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Atft Holss. Holes made for admitting air to ventilate apartments : also for introducing ^ 
it among the timbers of floors and roofs for the prevention or destruction of the dry rot* 

Aia Teap. a trap formed so as to prevent foul air froiik rising from sewers or ^ins ^ 
into the atmosphere. There are various sorts, all depending upon a certain amount of 
water in them. 

Aisle, or Ailr. (Lat. Ala.) A term chiefly used by the English architect to si^ify 
the side subdivisions in a church, usually separated from the nave or centre division 
by pillars or columns. Among different nations, as applied to architecture, it bears 
different significations. Strabo states that among the Egyptians the ales of the 
temple were the two walls that enclosed the two sides of the pronaos, and of th<* 
same height as the temple itself. The walls, he observes, from above ground, were a 
little further apart than the foundations of the temple, but as they rose, were built 
with an inclination to each other. The passage, however, is not clearly to be under- 
stood. 

In Gothic, as well as in many modern, churches, the breadth of the church is 
divided into three or five parts, by two or by four rows of pillars running paraUel 
to the sides ; and as one or other is the case, the church is said to be a three- 
aisled or five-aisled fabric. The middle aisle is called the nave or chief aisle, 
and the penthouse, which joins to each side of the main structure containing 
the aisles, is called a wing. 8t. Mary’s, Taunton ; Chichester Cathedral ; St. Helen’s, 
Abingdon ; and Elgin Cathedral, perhaps comprise all the five-aisled churches 
in Great Britain, except a building at the west end of the cathedral at Durham. On 
the Continent there are many such buildings, among which is the cathedral at Milan. 

It is somewhat remarkable that in Westminster Abbey and in Redcliff Church 
at Bristol the aisles are continued on each side of the transept, and in Salisbury 
Cathedral on one side only, a circumstance not met with in any other churches in this 
country. 

Ajutage. (Fr.) Part of the apparatus of an artificial fountain, being a sort of jet d * eau ^ 
or kind of tube fitted to the mouth or aperture of a vessel, through which the water is 
to be played, and by it determined into the form to be given to it. 

Alabaster. A white semi-transparent variety of gypsum or sulphate of lime, a mineral \/ 
of common occurrence, and used for ornamental purposes, as screen work, and for sculp- 
ture. It was much used formerly for monuments in churches and the like, and has been 
re-introduced of late years for similar purposes. 

Albarium Opus. (Lat.) In ancient Roman architecture a term imagined by some to 
have been nothing more than a species of whitewash applied to walls, but, as we think, 
incorrectly. In the passage of the tenth chapter of the fifth book of Vitruvius, where 
he recommends the use of the albarium opus for the ceilings of baths, he allows t^torium 
o^us as a substitute ; so perhaps it was a species of stucco. Irs employment at the 
baths of Agrippa, seems to prove it to have been superior to the other, and it is by no 
means improbable that it was susceptible of a high polish. 

Alcove. A wide and deep recess in a room. That part of a sleeping chamber wherein ^ 
the bed is placed. The use of alcoves, though not by that name, is ancient. They 
were frequently designed in the form of a niche ; such, for instance, as those that 
Winkelman notices at Hadrian’s villa at Tivoli, of which sort are some at Pompeii. 
They were often formed by enclosures or balustrades, of various heights, and by means 
of draperies the alcove was separated from the large chamber of which it was a part. 
Some idea may be formed of it from many of the ancient bassi relievi, especially trom 
the celebrated one known by the name of the Nosze Aldohrandmi. In modern works 
this part of a room differs according to the rank and taste of the proprietor. In Eng- 
land it is rarely introduced, but in France and Italy it often forms a beautiful feature 
in the sleeping apartments of palaces and large houses. 

Ildbr. (Ang. Sax. Ellarii.) A tree belonging to the order Betulaceee. It is used for 
piling and any similar work under water, 

Ukatorium. In ancient Roman architecture, a room in which games at dice were 
played. 

i^LipTKRiojr. In ancient Roman architecture, a room used by the bathers for anointing 
themselves. 

i^i^KORjuiriBS. In Eastern architecture, high slender towers attached to mosques, and 
surrounded with balconies, in which the priests recite aloud at stated times prayers 
from the Koran, and announce the hours of devotion to worshippers. They much 
embellish the mosques, and are often very fantastical in form. They are also called 
Minarets. 

(F|*, AllAe.) An aisle, or any part of a church left open for access to another 
part. In towns, a passage narrower than a lane. An enclose walk in a gasden. 

^I4CBRT or Aumbryb. a recess or cupboard ftr holding the sacred vessels, Jtc., used' in ^ 
the mass. An example, dating circa 1200, is seen in Lincoln Oathedral. 
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Ai<ifoicRr. Properly a closet or repository for the reception of broken victnals set apan 
ftb alms for the poor. It is more generally need to denote a bouse near the diarch in 
aboeys, or at their gates, pnevided irith rarious offices for distributing the alms of 
thd convent, and for tho dwelling of the almoner. 

Ai.MbHOU6R A house devoted to the reception and* support of poor persons, and generally 
endowed for a particular description of persons. 

Altar. The name given to a flat stone found in Celtic erections. 

Altar. (Lat. Altare.) A sort of pedestal whereon sacrifice was oiTered. According to 
Servius there was among the ancients a difference between the ara and aliare, the latter 
being raised upon a substruction, and used only in the service of the celestial and 
superior divinities, whereas the former was merely on the ground, and appropriated to 
the service of the terrestrial gods. Altars to the infernal gods were made by excavation, 
and termed acrobictili. Some authors have maintained that the ara was the altar before 
which prayers were uttered, and that the altare was used for sacrifices only. There is, 
however, from ancient authors no appearance of such distinctions, but that the words 
were used indiscriminately. The earliest altars were square polished stones, on which 
were placed the offerings to the gods. Whilst tlie sacrifice consisted only of libations, 
perfumes, and offerings of that nature, the altar was small, and even portable; when 
man, however, began to consider he was honouring the divinity by an offering of blood, 
the altar necessarily expanded in dimensions. Different forms of it were ndopted, 
jvccording to the nature of the sacrifice, and on it the throat of the victim was cut and 
the flesh burnt. Of this sort is the circular altar of the Villa Pamphili at Borne, one of 
tho largest and most elegant of the class. On it appears the cavity for holding tbefire, 
and the grooves for carrying off the blood. The varieties of altars were suitable in 
form, ornamont, and situation to the service to which they were appropriated : some, 
as we have already observed, being for sacrifices of blood, others for receiving offerings 
and tho sacred vessels; some for burning incense, others for receiving libations. Many 
were set up as mere monuments of the piety of a devotee, whilst others were raised to 
perpetuate some great event. They served for adjuration as well as for an asylum to 
the unfortunate and evil doer. In form they varied from square to oblong, and from 
triangular to circular. Those of metal were commonly tripodial. When of brick or 
stone their plan is generally square. According to Pausanias they were occasionally 
made of wood. They do not appear to have been of any regular standard heigkt, for 
they are sometimes found on bassi reliovi reaching but little above a man’s knee, 
whereas in others they appear to reach his middle ; but it seems that in proportion 
to its diameter the circular altar was generally the highest. Vitruvius says that they 
should not be so high ns to intercept the statues of the gods, and he gives the relative 
heights of those used for different dirinities. Thus, he says, those of Jupiter and tho 
celestial gods are to be the highest; next, those of Vesta and the terrestrial gods; 
tboito of the sea gods are to be a little lower, and so oa. On festivals they were deco- 
rated with such flowers and leaves as were sacred to the particular divinity. But be- 
sides thi* casual decoration, the ancient altars furnish us with some of tho most elegant 
bassi relievi and foliage ornaments that are known. According to Vitruvius, their 
fronts were directed towards the east, though very frequently but little regard was paid 
to their position, as they were occasionally placed under the peristyle of n temple, and 
not unfrequently in the open air. In the larger temples were often three different 
altars. The flrst was in the most sacred part, in front of tbw statue of the god ; the 
second before the door of tho temple ; and the third (called anclabris) was portable, 
and on it the offerings and sacred vessels were placed. 

The altars of the Catholic church are either attached or isolated The former generally 
stand against a wall, and are so decorated as to appear quite independent of it. The 
decorations are either of painting or sculpture, or boUi. The isolated altar has no 
sort of connection with any part either of the building or of its decorations. The high 
altar is always isolated, whether placed at the end of the church or in its centre, as in the 
well-known examyde in St. Peter s at Borne. Whatever the situation of the altar, it 
should be grand and simple, and raised on a platform with steps on every side. The holy 
table of the Protestant churches of England was generally of wood, but some 6f stone 
(but not affixed) have been put up of late years ; they are usually covered with a cloth 
more or less decorated. Above it is|heBB3iXD08. 

The altars of the Greek church, in other respectif^ religion vies in splendour 

with the Bomish church, are destitute of painted or sculj^ured omam^ In Calvin istic 
churches the name as well as the uses of air altar are uj|kirbwn either as an appendage 
or a decoration. ' ► ^ ^ 

Altar PiKCB. The entire decorations See Kbr£I>os.‘ f 

Altar Scutjtat, The back of Altar, 'Or%e paiikion by whidl the choir is aepamted 
from the^prosbytery and lady ebapd. The dateof its introduction into KngU^ ohurche» 
we believe to hav^ been about the ddse Ht the tbirt^^ bentury. It is generally oi 
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Htone, and con/poscd of the richest tabeniHcle work, of niches, finials, and pedestals, 
supporting statues of the tutelary saints. Those to the high altars of Winchester Cathe- 
dral, of St. Alban’s Abbey, and of New College at Oxford, are fine examples. Many were 
destroyed at the Reformation, or filled up with plaster and covered with wainscot. 
In many altar-screens a door was placed on each side of the altar for the officiating 
priests, whose vestments W'ere deposited in an apartment behind the screen. 

Altab Tomb. A tomb of a square box-like form, raised some 3 *10 6 feet in height above 
the ground. On it is usually seen a sculptured recumbent representation of the deceased. 
These effigies are often placed under an arch, sometimes richly canopied. 

Alto Relibvo. See Relievo. 

Alur& a gutter, passage, or gallery, as on the top of a wall or building, being one in 
which a person could walk. Lydgate used the word for covered walks in the streets. 

Ambitus. A space which surrounded a tomb, and was held sacred. In descriptions of 
subterranean tombs, it denoted a small niche made in the wall for the reception of an 
urn or body. When the corpse was placed in it, to the mouth of the niche a slab was 
fixed, so fitted and cemented as to pre\ent noisome effluvia. The slabs were sometimes 
inscribed with the name and quality of the iiarty. If they received an urn, either upon 
that or over the niche the inscription was placed. Mucu decoration was occasionally 
useti in the recesses themselves. 

Ambo. (Gr. Afi^v.) The elevated place or pulpit in the early Christian churches, which, 
according to Ciampini, fell into disuse about the beginning of the fourteenth century. 
The last erected ambo in Rome is supposed to have been that of S. Pancrazio, on which 
appears the date of 1249. It was an oblong enclosure, with steps usually at the two 
ends. Two amboncs are described by Eustace in the cathedral at Salerno. They are 
placed on each side of the nave before the steps of tlie chancel, and are both of 
marble, the largest being covered with mosaic work and supported by twelve Corinthian 
granite columns. 

Ambuey. See Aumbrye. 

Ammuiatk). (Lat.) See Ptkroma. 

Amhuj.atory. (Lat.) A sheltered place for exercise in walking ; a cloister; a gallery. 

Amphibeostyle. (Gr. both or double, irpo, before, <rrvA.us, a column.) A term ap- 
plied to a temple having a portico or porch in the rear as well ns in the front, but with- 
out columns at the sides. This species ot temple never exceeded the use of four columiii 
in the front and four in the rear. It differed from the temple in antUf in having 
columns instead of antae at the angles of the portico. Such was the temple of Nike 
Apteros at Athens. See '^1'kmplk. 

Amphitheatre. (Gr. about, and diarpov, a theatre.) An edifice formed by the junc- 
tion of two tlieatres at the proscenium, so as to have seats all round the periphery, a 
contrivance by which all the spectators being ranged about on seats rising the one above 
the other, saw equally well what passed on the amm or space enclosed by the lowest 
range of seats, whose wall towards the arena was called tho podmm. The oriain ot the 
amphitheatre seems to have been among the Etruscans, to whom also are attributed the 
first exhibitions of gladiatorial fights. It was from this people that the Koniuns 
acquired a taste for such shows, which they communicated to every nstion which became 
subject to their dominion. Athenseus says, “Romani ubi primum ludos facere coepe- 
runt, huic usoiti artifices ab Etruscis civitatibus fuerunt, seroautem ludi omnes qui nunc 
a Romanis celebrefri solcut sunt insfituti.’^ Lib. iv. c. 17. The most extraoi-dinary 
edifice remaining in Rome, we may indeed say in the world, is the amphitheatre gene- 
rally called the Coliseum. It was commenced by Vespasian, and completed by Titus his 
son. Words are inadequate to convey a satisfactory idea of its stupendous and gigantic 
dimeUsions. Ammiauus sap that it was painful to the ep to scan its summit; “ad 
cujns summilutem a?gr6 visio humuna couscendit.” Martial, iu one of his epigrams 
says, 

“ Omnis CsBsareo cedat labor ampbltheatro, 

» Unum pro cunctis fama loquator opus.’* 

The grevtex axis of the ellipsis on which it is planned is about 627 feet, and the lesser 
fi20 feet, the lieight of the outer wall about 166 feet, such wall being decorated by the 
Boric, Ionic, and Coriifthinn Orders, and pierced with arcades between the columni. 
Covering five English *^*^8 and a quarter, it was capible of containing the vast 
number of ft7,000 personi; It has suffered much from having been used actually us a 
quarry ior many of the modern edifices of the city ; but ig the present day its pre- 
servation is strictly attenefed to by the^pal government. A description of this building 
has been ^ven in p. 04 ct seq. Besides the Coliseum, there were three other amphi- 
theatres in Roma: the Amphithsatruia Oastrensc, thq Esquiline, bpilt probably by 
IHbearius; that of StatiMua Taurus, and that built by Ti^n in the Campius Martius. 
The other principal ain^itheatres we?^ .those of Otrjicoli; on the Gnrigliano, of brick ; 
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Pusfuoii, Capua, Verona, at the foot of Monte Casino, Psestum, Syracuse, Agrigentum, 
Catanea, Ar^s, Corinth, Pola in Istria 1862.), Hipella in Spain, Nismes, Arles, 

Prejus, Saintes, and _ 

Autun* This lost has 
^lur stories, in that re- 
spect like the ColisSum. 

That 'which remains in 
the most perfect condi< 
tion is at Verona; its J 
ago has not been accu- r 
rately determined, some 
placing it in the age 
of A'ogustus, and ot hers ^ 
in that of Maximian ; of - 
these, Maffei thinks the 
first date too wrly, and 13 <j 2 ^ Amphitheatre at Pola. 

the latter too late. The 



silence of Pliny upon it, seems to place it after the time of his writing. In the reign of 
Gallienus, it was not only built, bat began to suffer |rom dilapidation, for many of the 
stones belonging to it are found in the walls of Verona, which walls were erected in tbs 
time of that emperor Many of these were keystones, and the numbers cut upon them 
still remain. Prom the silence of authors that it was the work of any of the emperors, 
it seems probable that, like that at Capua, it was erected at the expense of the citizens. 
The length is about 614 feet, and the breadth about 410 ; the long diameter of the arena 
242 feet, the short diameter 147 feet. The audience part or visonum contained forty- 
seven tiers of seats, and the building was capable of containing about 22,000 seated 
spectators. In the profile of the walls of this amphitheatre the diminution in thickness 
upwards is made on the inside, which is also the case in that at Pola. In the Coliseum 
the diminution is on the outside. The amphitheatre at Nismes contained about 17,00fi 
persons, and was about 400 feet in length and .120 feet in breadth. 

The first amphitheatres, as we learn from Pliny, were constructed of wood, and usually 
placed in the (Simpus Martius, or in some place out of the city. Accidents occurring 
from their insecurity, they were abandoned for the more substantial species of fkbric 
of which we have been speaking. The first person who is said to have erected an amphi- 
theatre in Rome was Cains Scribonius Curio, on the occasion of the games he gave to 
the people at the funeral obsequies of his father. Determined to surpass all that had 
hitherto been seen, he constructed two theatres of wood, back to back, which, after the 
theatrical representations had been finished, wore turned round with the spectators in 
them, leaving the stages and scenery bo^^. By their opposite junction, they formed 
a perfect amphitheatre, in which the were gratified with a show of gladiators. 

The part in which the gladiators fought was called the arena, from being usually 
covered with sand to absorb the blood spilt in the conflicts, for which it was used. It 
was encompassed by a wall called the fodium, fifteen or sixteen feet high, immediately 
round which sat the senators and ambassadors. As in the theatres, the seats rose at the 
Imck of each other; fourteen rows bock from the podium all round being allotted to 
the oquites, and the remainder to the public generally, who sat on the bare stone, 
cushions being provided for the senators and equites. Though at most times open to 
the sky, there were contrivances for covering the whole space with an awning. The 
avenues by which the people entered and retired were many in number, and were callel 
vomitoria. 

Anamorphosis. (Gr. Ava, backward, and form.) A term employed in perspective 

to denote a drawing executed in such a manner that -when viewed in the common way 
it presents a confused and distorted image of the thing Itoresented, or an image of some- 
thing entirely different ; but when viewed f^om a partSfulnr point, or as reflected by a 
curved mirror, or through a polyhedron, it recovers its proportions and presents a 
distinct representation of the object. 

Anchoel In decoration, an ornament shaped similarly to an anchor or arrow head. It 
is used with the egg ornament to decorate or enrich mouldings. some it is called a 
tongue, from its supposed resemblance to the forked tongue of a serpent. It is used in 
all the orders, but only applied to the moulding called the echinus or quarter round. 

Akoones. (Gr. Ay>c«p, the joint of the elbow.) The trusses or consoles sometimes em- 
ployed in the dressings mr antepagmenta of apertures, serving as an apparent supjiort to 
the comice of them at the fianl^. In aneient doors the aheones were sometimes broader 
at the top than at the bottom, and were not in contact with the flanks of the architrave, 
but eitus^ed a small distance from them. The term is also used to slgAii^ the corners 
or quoins of walls, cross beams, or rafters. 

Ascnaoif. (Qr. A np*) lo ancient architecture, the apartment appropriated to the recaption 
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of the male branches of the establishment, and always in the lowet part of the house ; 
the gynotcia, or women’s fmurtments, being in thfe upper part. ^ , 

Anolk. (Lat. Angulus.) The mutual inclination of two lines meeting in a point, called 
indifferently the angular point, vertex, or point of concourse: th# two Mnes a*® 

Avglb Bar. In joinery, the upright bar at the angle of a polygonal windo#. 

Aholb Bbah, or otaff Bead. A vertical bead, commonly of wood, fixed to an exteriot 
angle and fiush with the intended surface of the plaster on both sides, for the purmwe 
^of sec;iuring the angle against accident, serving also as a guide for fioating the placer. 
The section of these beads is about three-quarters of a circle, with a projecting part from 
the other quarter, by means whereof they are made fast to the wood bridks, plugging, 
or bond timbers. Angle beads of wood round the intradosses of circular arches a«e diffi- 
cult to bend without cutting or steaming them. The former has a veiyr unsigh^y 
appearance, and the latter method is at once inconvenient and troublesome. The plasty 
itself is the best material in this case, and at the height generally placed will I 
the reach of accident. In good finishings, corner beads which are unsightly < ‘ 
be used, but the plaster should be well gauged and brought to an arris. . , 

Angle Brack. In carpentry, a piece of timber fixed to the two extremitisf of a piece of 
quadrangular framing, making it partake of the form of an octagon. This piece is also 
called an mgU tie and a diagonal tie. By the use of this piece wall plates are frequently 
braced. In constructing a well hole of ^ circular sectiou through a roof or fioor for a 
skylight, &c. the framing is first made in a quadrangular form ; braces are then fixed 
apposite to each angle, and the aperture becomes of an ^tagonal form ; finally, pieces, 
are fixed at each angle of the octagon, meeting each other in the middle of its sides, so as 
to transform the section of the aperture into a circle, or oval. 

Anolk Bracket. A bracket placed in the vertex of an angle, and not at right angles with 
the sides. See Bracketing. 

Angle Capital. In ancient Greek architecture, the Ionic capitals used to the flank, 
columns which have one of their volutes placed at an angle of 136® with the ^Ases of 
the front and returning frieze. As an example may be cited the angle capitimi of the 
temple of Minen'a Polias at Athens. This term is also applied to tho modem Ionic, 
capital, in which the whole of the four volutes have an angular direction. 

Angle Chimney, A chimney placed in the angle of a room. 

Angle Iron. A plate of iron rolled into an L shape, and used for the purpose of socur* 
ing two iron plates together by rivets, as Y Y in the beam 
of the plate girder,,^. 1863, and the box-beam, 1364. 

Angle Hodillion. A modillion placed in a direction parallel H. 

to a diagonal drawn through a cornice at its milring. It ^ " 
is an abuse seen only in the buildings erected during the 
decline of Roman architecture, as in the ruins of Balbec 
and Palmyra, and in the palace of the Emperor Dioclesian Y ( I v i[ 
at Spalatro. ^ 

Angle op Vision. In perspective, that angle under which Pig. 1S68. 
object or objects are seen, and upon which their ap- 
^rent magnitudes depend. In practical perspective it should not exceed sixty degrees. 

Angle of a Wall. The angle contained by the vertical planes of two w’alls which form 
the angle of the building. The term is sometimes used to denote tlie line in which 
the two sides of the angle meet, which by workmen is commonly called the arris : the 
arris, however, is not the angle, but the line of concourse formed by the tw'o sides or 
planes which contain the angle. 

Angle Rafter. The piece of timber in a hipped roof placed in the line of concourse of 
the two inclined planes forming the hip. It is more often called a hip rafter. 

Angle Rib. A piece of timber of a curved form placed between those two parts of a 
coved or arched ceiling or vault which form an angle with each other so as to range 
with the common ribs on each side or return part. 

Angle Staff. See Angle Brad. 

Angle Stones. A term used by some authors to denote qtioins. 

Angle Tib. dee Angle Brace. 

Anglo-Saxon ABCHitRCTiiRB. Bede mentions one Benedict called Biscop, as the first 
pprson who introduced builders of stone edifices and makers of glass into England, a.d. 
672. The principal characteristics of the style is a debased imitation of the Roman 
works, long and short masonry, semi-circulqr and triangulnf arches, rude balusters, 
hammer dressings, and unchiselled sculptures, with the absence of buttresses. 

Anqulab Capital. I^e Capital. 

Annular Mouldings. Generally those having verticAl sides and horizontal cireplar 
sections. 

Annular Vaitlt. A vault springing from two walls eRch circular on the plan : such m 
that in th* 



Fig. 1364. 
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Avuhultid OoLiwK. Slender ehnfls clustered together or joined hy bands of stone^ 
Mfmetimee of metal, to a central pier or to a jamb. They were much employed in 
Ettldy English Gk>thic architecture, and were very often of Purbeck marble. 

Amrounr* (Lat Annulus.) A small fillet whose Wisontal section is circular. The neck 
or under side of the Doric capital is decorated with these thin fillets, listels, or bands, 
whose number yaries in difieient examples. Thus in the Doric of the theatre of Mar- 
ceUus there are three, whilst in the great temple at Psestum they are four in number 
and in otlier cases as many as five are used. 

AifTA, JB plur. (Dat. Anta.) The jambs or square posts supporting the lintels of doors 
The term antss we think only ap^icable to pilasters or pilUrs attached to a wall, though 
some authors, as Perrault, have thought otherwise. Vitruvius calls square pilasters 
when insulated parastata. There are three kinds of antes : those of porches or jamb 
ornaments ; angular antse, being such as show two faces oo the walls of a temple ; and 
those on the longitudinal walls of its cell. AntsR are only found in temples as wings to 
the ends of the walls of the pronaos to give a finish to the terminations the ends of the 
walls would otherwise present. It might have been this view which led the Greeks 
to treat them rather as distinct objects than to assimilate their finishings to those 
of columns. The pilasters in Eoman architecture difihr only from the column in being 
square instead of round. A rule in the use of antse was, that their projection should 
always be equal to that at least of the mouldings used on them. Some beautiful 
examples of antes capitals exist in the temple of Minerva Polias, and the temple of 
Apollo Didymseus, in Ionia. 

Ante-chakbbr os Aittb-boom. An apartment through which access is obtained to an- 
other chamber or room. One in which servants wait and strangers are detained till tlie 
persim to be spoken with is at leisnfe. In the distribution of many houses the pecu- 
liarity of the plan forces upon the architect the introduction of ante-rooms : in most 
cases, indeed, they add both elegance and dignity to a design. 

Ante-coub. a French term, sometimes, however, used by English authors. It is the 
approach to the principal court of a house, and very frequently serves for communica- 
tion with the kitchen, cellar, stables, &c, 

Antefixjb. (Lat. Anti and Figo.) The ornaments of lions* and other heads below the 
eaves of a temple, through perforations in which, usually at the mouth, the water is 
cast away from the eaves. By some this term is used to denote the upright orna- 
ments above the eaves in ancient architecture, which concealed the ends of the Aarmi 
or joint tiles. 

Aktepaomenta. (Lat.) In ancient architecture, the jambs or moulded architraves of a 
door. The lintel returning at the ends with similar mouldings down upon the ante- 
pagmenta was called aupercUium, 

AKTSPHimiUM. The frontal hangings of the/altar. 

Antbbioes. In ancient architecture, buttresses or counterforts for the support of a wall. 
The Italians call them speroni (spurs). 

Anthkmiow, (Or. Ai^f/amv.) It is considered to mean the honeysuckle, palmetto, or 
fieuron ornament in the necking of soihe columns of the Ionic order. 

Antictjm. (Lgt.) A porch to a front door, as distinguished from posHctm^ which is the 
porch to a door in the rear of a building. It was the space also between the front 
columns of the portico and the wall of the cella. The word has been sometimes impro- 
perly used for anta. 

Ai^iQTTABivir. Among the ancients an apartment or cabinet in which they kept theii 
ancient books and vases. 

Antique. A term applied to pieces of art woiked by the Greeks and Romans of the clas- 
sical age. 

Apabtio^. (Lat. Partimentum.) A space enclosed by walls and a ceiling, which latter 
distinl^ishes it from a court or area. 

Apbbtubb. (Lat. Aperio.) An opening through any body. In a wall it has usually three 
straight sides, two whereof are perpendicular to the horiaon, and the third parallel to it. 
connecting the lower ends of the vertical sides. The materials forming the vertical 
sides are called and the lower level side is called the tUl, and the upper part the 
head. This last is either a curved or flat arch. Apertures' are made for entrance, 
light, or ornament. In Greek and Egyptian architecture, but especially in the latter, 
the iambs incline towards each other. ^Soraetimos apertures are made circular, ellip- 
tical, or portions of those figures. Apertures,” says fer Henry Wotton, “ ore inlets for 
air and light ; they shoald be as fbw in number, and as moderate in dimAnsions, as 
may p^bly consist with other due respects ; for, in a word, all openings are 
weakenings. They should no0 approach too nfear the angles of the walls ; fbr it 
were indeed a most essential solecism to weaken that part which must strengthen 
all the rest.” 

jhsfum. (|jat. Apis.) A place Ibr keeping beehives. • Sometimes this is a small house 
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Vith for the bef*8 in front, and a door behind, yrhith ie kept locked for security, 

oometimm it is an area wherein each particuiar beehire is chain^ down to a post and 
padlocked, ^ 

Arojfxrmwu, (^Awo^aat. Gr., to strip oneself.) The apartmeBt at the entrance of the 
ancient baths, or in the Palaestra, where a person took off his dress, whether for bath- 
ing or gymnastic exercises. In the baths of Nero, these apartments were small, but 
m thoM of Caracalla tlie apodyterium was a magnificent room with coltmms 

Apophyob. (Gr., signifying flight.) That part of a column between 
^nulet on the base and Uie cylindrical part of the sbalt of a 

into a hollow or caretto, out of which the column seems ae it W€^pH^H|PH|iBifl 
upwards. The French call it congS, as it were, leave to go. ^ W 

Afothbca. (Gr.) A storehouse or cellar in which the ancient Greeks depoeitdd thUr 
oil, wine, and the like. 

Apphoach. A curved or graduated road leading to a building situated some distance 
within the grounds. 

Apron, or Pitching Pibck. A horizontal piece of timber, in wooden double-fiigbled 
stairs, for supporting the carriage pieces or rough strings and joistings in the half 
spaces or landings. The apron pieces should be firmly wedged into the wall. 

Apsis, or Absis. (Gr., signifying an arch.) A term lu ecclesiastical urchirecture, denot- 
ing that part of the church wherein the clergy was seated or the altar placed. It was so 
called from being usually domed or vaulted, and not, as Isidorus imagines, from being 
tlie lightest part (apta). The apsis was either circular or polygonal, and domed over ; 
it consisted of two parts, the altar and the presbytery or sanctuary. At the middle of 
the semi-circle was the throne of the bishop, and at the centre of the diameter was 
placed the altar, towards the nave, from which it was separated by an open balustrade 
or railing. On the altar was placed the ciborium and cup. The throne of the bishop 
liaving been anciently called by this name, some have thought that thence this part of 
the edifice derived its name ; but the converse is the fact. The apsts gz-adata implied 
more particularly the bishop’s throne being raised by steps above the ordinary stalls. 
This was sometimes called exhedra^ and in later times trimne. 

Aquarium. A case to contain sea or fresh water, in which to preserve linng objects of 
natural history. From a small glass case for a drawing-room, they have increased in 
size until buildings are erected to contain a number of crystal tanks for the purpose of 
exhibition — such are those at Brighton, and at the Crystal Palace, in England ; and at 
Hamburgh. London, Liverpool, and other cities are now seeking to establish them. 
The term is also used for the tanks formed for growing the Victoria Eegia and other 
plants, as at Syon, Kew, Botanic Gardens in the Hogent’s Park, and elsewhere. 

Aqueducf. (Lat. Aquse ductus.) A conduit or channel for conveying water from one 
place to another, more particularly applied to structurer. for the purpose of conveying 
the water of distant spnngs across valleys, for the supply of largo cities. The largest 
and most magnificent aqueducts with the existence of which we are acquainted, were 
constructed by the Romans, and many of their ruins in Italy and otjior countries of 
Europe still attest the power and industry of that extraordinary nation. The most 
ancient was that of Appius Claudius, which was erected in the 442nd year of the city, 
and conveyed tlie Aqua Appia to Rome, from a distance of 11,190 Roman paces (a pace 
being 68-219 English inches), and was carried along the ground, or by subterranean 
linos, about 11,000 paces, about 190 of which wore erected on arches. The next, in order 
of time, was the Anio Vetus, begun by M. Curius Dentatus, about the year of Rome 481, 
The water was collected from the springs about Tivoli ; it was about 43,000 paces in 
length. In the 608th year of the city, the works of the Anio Vetus and Aqua Appia 
had fallen into decay, and much of the water had been fraudulently ab^^peted by 
individuals, the praetor Martins was therefore empowered to take measures fw increas- 
ing the supply. The result of this was the Aqua Martia, the most wholesome water 
with which Rome was supplied. It was brought from the neighbourhood of Subiaco, 
twenty miles above Tivoli, and was 61,710 Roman paces (about 61 mHes), whereof 
7,463 paces were above ground, and the remainder under g^nd. A length of 463 
paces, where it crossed brook and valleys, was supported on arches. To supply this in 
dry seasons, was conducted into it another stream of equal goodness by an aqueduct 
800 paces long. About nineteen years after this was oomplet^ the Aqua Tepula was 
brought in, supplied also from the Anio ; but not more than 2,000 paces in length. In 
the Aign of Augustus, Agrippa collected some more spring into the Aqua Tepula, but 
the latter #ater flowing in a separate channel, it preserved its name. This -was 16,426 
paces long, 7,000 above ground, and the remainder ef .the length on arcades. To this 
was gi-ren by Agrippa the name of Aqua Julia. In the 3rear 718 of the city, Agrippa 
< reetor^ the dilapiaatefl aqueducts of Appius, of Martma, and of the Anio Vetus, at bis 
awn expense, besides erecting fountains in the city. The Aqua Virgo, which receives 
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its name from a girl having pointed oat to some soldiers the sources of the stream from 
which it was collected, was brought to Borne by an aqueduct 14,105 paces in length, 
12,865 of which were under ground, and 700 on arches, the remainaer being above 
, ground. The Aqua Alsietina, called also Augusta, was 22,172 paces fW)m its source to 
the city, and 858 paces of it were on arcades. The seven aqu^ucts above mentioned 
being Wnd, in the time of Caligula, unequal to the supply of the city, this emperor, in 
t^second vear of his reigi^ began two others, which were finished by Claudius, and 
jnAi|| ga r of the city 803. The first was called Aqua Claudia, and the second 
sapA|||ii^K it from one heretofore mentioned. The first was 46,408 

10,176 were on arcades, and the rest subterranean. The Anio 
paces in length, 9,400 whereof were above ground, 6,491 on arches, 
iii^ihe ^i^ubterranean. Some of the arches of these are 100 Roman feet high. All 
the luj ueducts we have mentioned were on different levels, and distributed accordingly 
to those parts of the city which suited their respective elevations. The following is tho 
order of their heights, the highest being the Anio Novus, 159 feet above level of Tiber; 
Aqua Claudia, 149 feet; Aqua Julia, 129 feet; Aqua Tepula, Aqua Martia, 126 feet; 
Anio Vetus, Aqua Virgo, 34 feet ; Aqua Appia, 27 feet ; and the Aqua Alsietina on the 
lowest level. The Tiber at Rome being 9 1*5 feet above the level of the Mediterranean, 
the mean fall of these aqueducts has been ascertained to be about 0*132 English inches 
for each Roman pace (58*219 English inches), or 1 in 441. A^itruvius directs a fall of 
1 in 200, but Scamozzi says the practice of the Romans was 1 in 500. The quantity 
of water furnished by six of the aqueducts, as given by Frontinus from a measurement 
at the head of each aqueduct, is as follows : — 

•Ajilo Vetua - 4,898 quin. I Aqua Virgo - 2,624 quin. I Aqua Clauaia - 4,607 qnln. 

fAqua Martia- 4,690 „ | Aqua Julia - 1,368 „ 1 •Anio Novus • 4,738 « 

The whole supply is given as 14,018 quinariee, after much fraudulent diversion of the 
water by individuals ; but the diminished quantity is supposed to have been 27,743,100 
English cubic feet, or, estimating the population of Rome at one million of inhabitants, 
27*74 cubic feet per diem for each inhabitant, or about 170 gallons English. * These 
were used for the street and sewer fiushings, the baths, and scenic representatipns. 
’f This was used for drinking purposes, aud is still so used. 

Parker, Jgueducti of Rome^ says 24,805 quin, was the exact quantity of water daily 
poured into Rome in Trajan’s time, equal to a stream 20 feet wide by 6 feet deep 
constantly running in, at a fall six times as rapid as that of the river Thames. He 
calculated that when the Trajan and the Aurelian .aqueducts were finished, the daily 
supply was quite 332^ millions of gallons, or at least 832 gallons per head. 

remains of Roman aqueducts in other parts of Europe even more magnificent 
than^oseVe have mentioned. One, or the ruins of one, still exists at Metz, and another 
at Segovia in Spain, with two rows of arcades, one above the other. This last is 
about 100 feet high, and passes over the greater part of the houses of the city. The 
Romans do not appear to have been aware of the fact of water rising at a distance to 
its level at the^founbiin head. 

Arabbsoub. The term is commonly used to denote that sort of ornament in Saracenic 
architecture consisting of intricate rectilinear and curvilinear compartments and mosaics 
which adorn the walls, phvements, and ceilings of Arabian and Saracenic buildings. It 
is capricious, fantastic, and imaginative, consisting of fruits, flowers, and other objects, to 
the exclusion in pure arabesques of the figures of animals, which the religion forbade. 
This sort of ornament, Iiowever, did not originate with the Arabians ; it was understood 
and practised by the ancients at a very early period. Foliage and griffins, with orna- 
ments not very dissimilar to those of the Arabians, were frequently employed on the 
friezes of temples, and on nlany of the ancient Greek vases, on the walls of the baths 
of Titus, at Pompeii, and at many other places. To Raffaele, in more modem times, 
we are indebted for the most elaborate ana beautiful examples of a style of decoration 
called Arabesque, which he even dignified, and left nothing to be desired in it. Since 
the time of that master it has b^n practised with varying and inferior degrees of 
merit, especially by the French in the time of Louis XVl. Arabesques lose Uieir cha- 
racter when applied to larm objects, neither should they be employed where gravity in 
the style is to 1^ preserved. 

Aiublan ABOKiTBoruRB. See Sabacbxic Abokitbctuub. 

Arabo-Tbdbsoo, a term used chiefiy by the Italians. An example this style may 
quoted in the baptistery at Pisa 152), erected by Biotl mvi in 1152. It U a 
circular edifice, *with an arcade in the second order composed of columns with Oorinthian 
capitals and plain round arches. Between each arch rises a Gothic pinnacle, and above 
it is finished by sharp pediments enriched -with foliage, termiuatiag in a tiefifil. 

Ar;eostixb. (Gv. Aptuos, wide, and irruXot, a column.) One of the five proportiens used by 
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tlie ancients for regulating the intercolumniations or intervals "between the columns in 
porticoes and colonnades. Vitruvius does not determine precisely its measure in terms 
of the diameter of the column. His commentators have tried to supply the deficiency ; 
and, following the progression observable in the intercolumniations he does describe, 
each of which increases by a semidiameter, the arseostyle would be three diameters and 
a half. Perrault, in his translation of Vitruvius, proposes that the interval be made 
equal to four diameters, whicJi is the interval now usually assigned to it. It is only, 
or rather ought only to be, used with the Tuscan order. 

Ar^osystvle. (Q-r. Apoior, wide, <rw, with, e'ri/Aor, a column.) A term used by the 
French architects to denote the method of proportioning the intervals between columns 
coupled or ranged in pairs, as invented by Perrault, and introduced in the principal 
facade of the Louvre. It was also adopted by Sir Christopher Wren in the west front 
of St. Paul’s. 

Arc. In geometry, a portion of a circle or other curve line. The arc of a circle is the 
measure of the angle formed by two straight lines drawn from its extremities to the 
centre of the circle. 

Akc-boutant. (Fr.) An arch-formed buttress, much employed in sacred edifices built 
in the Pointed style, as also in other edifices, and commonly called flying huttreaSy 
whose object is to counteract the thrust of the main vault of the edifice ; it is also 
called arched, buttress and arched butment It was used in the Baths of Diocletian. * 

Arc Doubleau. (Fr.) An arch forming a projection before the soflte of a main arch 
or vault, in the same manner as a pilaster breaks before the face of a wall. 

Arcade. (Fr.) A series of apertures or recesses with arched ceilings or sofites. But the V 
word is often va^el^ and ind^nitely used. Some so designate a single-arched aperture 
or enclosure, which is more prSperly a vault ; others use it for the space covered by a 
continued vault or arch supported on piers or columns ; and,, besides these, other false 
meanings are given to it instead of that which we have assigned. Behind the arcade is 
generally a walk or ambulatory, as in Covent Garden, where the term piazza is igno- 
rantly applied to the walks under the arcade instead of to the whole place (Ital. piazza) 
or square. 

The piers of arcades may be decorated with columns, pilasters, niches, and apertures 
of different forms. The arches themselves are sometimes turned with rock- worked, and 
at other times with plain rustic, arch stones or voussoirs, or with a moulded archivolt, 
springing from an impost or platband ; and sometimes, though a practice not to be 
recommended, from columns. The keystones are generally curved in the form of a 
console, or sculptured with some device. Scamozzi made the size of his piers less, and 
varied his imposts or archivolts, in proportion to the delicacy of the orders he employed ; 
but Vignola made his piers always of the same proportion. 

Arcade. In mediaeval architecture, an ornamental dressing to a wall, consisting of colon- 
nettes supporting moulded arches. Sometimes they stand sufficiently forward to admit 
of a passage behind them. 

Arc.®. In ancient Koman architecture, the gutters of the cavedium ; area signifying a 
beam of wood with a groove or channel in it. 

Arcella. (Lat.) In mediaeval architecture, a cheese room. 
t.A.RCH. A mechanical arrangement of blocks of any hard material disposed in the line of ^ 
some curve, and supporting one another by their mutual pressure. The arch itself is 
formed of voussoirs or arch stones cut in the shape of a truncated wedge, the uppermost 
whereof is called the keystone. The seams Or planes, in which two adjacent voussoirs 
are united, are called joints. The solid dtramities on or against which the urch 
rests are called the abutments. The lower or toiler line of each arch-stone is called the 


intradosy and the superior or upper line the extrados. The distance between the piers 
or abutments is the span of the arch, and that from the level line of the springing to 
the intrados its heighty or versed sine. The forms of arches employed in the different 
styles and periods of architecture will be found described under the several heads. 

Architect. (Gr« and rstcrmvy chief of the works.) A ^rson competent to design aiud 
superintend the execution of any building. The knowledge he ought to pcssess forms 
the subject of this work ; whatever more he may acquire will be for the advantage of 
his employers ; and when we say that the whole of the elements which this work con- 
tains sWld be well known and understood by him, we mean it as a minimwn of his 


^^ifications. To this we may add^ that with the possessions indicated, devotedness, 
Adi^fulness, and integrity towards his emplqver, with kindness and urbanity to those 
'w4ose lot it is to execute his projects, not however without resolution to check the 
^ dishonesty of a builder, should he meet with such, will tend to insure a brilliant and 
happy career in his profession. 

^l^cuxTBCTORB. The art. of building according to certain proportions and rules determined 
^ and rognlated hy nature and taste. 

AnoKiTsavB. (Gr* to govern, and Lat TraH a heam.I The lower of the thM n 
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prindpiJ members of the entablature of an Order, being, as its name imports, tne oniei 
beam employed in it, and resting immediately on tbe coiufnna. It is called in Grecian 
architecture, Epist^ium, from nri, upon, and irrwXos, a column. The height ™ 
architrave varied in the different Orders, as also in different examples of the same Order. 

Arcuitbavs CoRNiCB. An entablature consisting of an architrave and cornice only, 
without the interposition of a frieze. It is never used with columns or pilasters, unless 
through want of height It is, however, allowable. 

Arcuiteavb of a Boon on Window. A collection of members and mouldings rownd 
either, used for tlie decoration of the aperture. The upper part, or lintel, is called the 
traverse y and the sides jambs. See Antepaombuta. 

ATiCKrvoi.T. (Lat Arcus volutus.) The ornamental band of mouldings round thevoussoirs, 
or arch-stones of an arch, which terminates horizontally upon the impost. It is deco- 
rate^ as to the members, analogously with the architrave, which, in arcades, it may be 
said to represent. It differs in the different Orders. 

Abchivodtum. In mediaeval architecture, an arched receptacle for filth. A cesspool or 

common sewer. ^ . i. u ^ 

Arch Mouldings. The series of mouldings forming the decoration of an arch as used 
in mediaeval architecture. The illustration of the Early 
English period, is from St. Mary’s Church, Lincoln. 

Archway. An aperture in a building covered with a vault. 

Usually an arched passage or gate wide enough for carriages 
to pass. 

Arcus Ecclesi;b. In mediaeval architecture, the arch dividing 
the nave of the church from the choir or chancel. 

Arcus Prbsrytbrh. In mediaeval architecture, thetijteh over 
the tribune marking the boundaries of its recess. 

Arcus Chora MS. In mediaeval architecture, the lattice sepa- 
rating the choir from the nave in a basilica. 

Area. In Architecture, a small court or place, often sunk 
below the general surface of the ground, before windows in 
the basement story. It is also used to denote a small court 
or yard, even when level with the ground. 

Area. In Geometry, the superficial content of any figure. 

The “area” of every building shall be deemed to be the 
superficies of a horizontal section of such building made at 
the point of its greater surface, including the external walls 

party wall^ as l^loug to the building, but excluding any attached building the height 
of which does not exceed the height of the ground story. Metropolitan Building 
Act, 1866. 

Arena. The central space in a Bornsn amphitheatre, wherein the gladiators fought. 

Armoury. .An apartment destined for the reception of instruments of war. 

Aroxadb. Embattled; a junction of several lines forming indentations like the upward 
boundary of an embattled wall, except that the middle of every raised part is ter- 
minated by a convex arch, which arch does not extend to the length of that part, 

Arribbk Voussurb. a secondary arch. An arch placed within an opening to form a 
larger one, and sometimes serving as a sort of dis^arging arch. 

Arris (probably abbreviated from the Ital. a risega^ at the projection, or from the Sax. 
apipin. to rise). The intersection or litte on which two surfaces of a body forming an 
exterior angle meet each other. It tss term much used all workmen concern^ in 
building, as the arris of a stone, of a piece of wood, or any other body. Though, in 
common language, the edge of a body implies the same as arris, yet. in building, the 
word edae is restrained to those two surfaces of a rectan^lar pnrallelopi pedal body on 
which the length and thickness may be measured, as in boards, planks, doors, shutters, 
and other framed joinery. 

Arris Fillet. A slight piece of timber of a triangular section, used in raising the slates 
against phimney shaf^, or against a wall that cuts obliquely across the roof, and in 
forming ^tters at the upper ends and sides of those kinds of skylights of which the 
planes cmneide with those of the roof. When the arris fillet is us^ to raise the slates, 
at the eaves of a building, it is then called the caved boardy eaved lathy or eaves catch, 

Arbis OwraR. A wooden ^tter of this V form fixed to the eaves of a building. 

Arsshal. a public establishment for the deposition of arms and warlike stores. 

ABTunoBR. (Lat Ars and Facio.) A person who works with his hands in the manufacture 
of anything. He is a person of intellectual acquirements, independent of mere Ope|R> 
tion hy hand, which place him above the artisoih, whose knowledge is limited to the 
general mlsf of his tMe. ^ 

ABTinoiAL SroKR. A material produced by the use of cement and other substances, siw 
as A«simi*s Artificial stone, which is not uurut^ 
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Asauotuk. In ancient architecture, a spedes of painted parememt need by the Komanv 
before the invention of Mosaic work. 

Ashijlr or Ashlrq. (ItaL Asciare, to chip.) Common or free-stones as brought from the 
quarry of different lengths and thicknesses. 

Also the facing given to squared stones on the front of a building. When the work is 
smoothed or nibbed so as to take out the marks of the tools by which the stones were 
cut, it is called p/ain asA/ar. Tooled ashlar is understood to be that of which the surface 
IS wrought in a regular manner, like parallel flutes, and placed perpendicularly in the 
building. But when the surfaces of the stones are cut with a broad tool without care 
or regularity, the work is said to be random-tooled. When wrought with a narrow tool, 
it is Said to be chUeUed or boasted, and when the surface is cut with a vei^ narrow tool, 
the ashlar is said to be pointed. When the stones project from the joints, the ashlar is 
said to be rusticked, in which the faces may have a smooth or broken surface. In 
superior work, neitlier pointed, chiselled, nor random-tooled work are employed. In 
some parts of the country herring-bone ashlar and herring-bone random-tool^ ashlar 
are used. 

Ashlarino. In carpentry, the sliort upright quartering fixed in garrets about two feet 
six inches or three feet high from tlie floor, being between the rafters and the floor, in 
order to cut off the acute angle formed by the rafters. The upright quarterings seen in 
some open timber roofs between the inner wtill plate and the nifters, is also so called. 

Aspkct. (Lat. Aspicio.) The quarter of the heavens which the front of a building i 
faces. Thus a front to the north is swid to hav'e a north aspect. 

Asphalts. A bituminous substance found in various places. When used for floors or ^ 
roadways, it is either poured on in a liquid state, forming when set a hard substance, 
impervious to damp ; or it is placed on the ground in powder, in a hot state, and pressed 
down by hot iron rammers. 

Assembijioe. The joining or uniting several pieces together, or the union of them when 
so joined. Carpenters and joiners have many modes of accomplishing this, as by 
framing, mortise and tenon, dovetailing, &c. 

Assemblage of the Orders. The placing of columns upon one another in the several 
ranges. 

Assyrian Architecture. Little more is known of the buildings of Assyria and Baby- 
lonia Uian the thick walls forming halls and chambers lined with carvings, and having 
canned stone pavements. The roofing is supposed to have been formed with wood 
pillars supporting the framework of the roof, the spaces between the pillars allowing 
the entry of light and of fresh air. 

Astragal. (Gr, KorpayaKos, a die or buckle bone.) A small moulding of a semicircular 
profile. Some have said that the French call it talo9h, and the Italians tondino; but 
this a mistake, for the term is properly applied only to the ring separating the capital 
from the column. The astragal is occasionally cub into representations of beads and 
berries. A similar sort of moulding, tliough not developed in its profile as is the 
astragal, is used to separate the faces of the architrave. 

Astylar. a design made without the introduction of columns or pilasters is termed an 
astylar composition, 

Atkinson's Cement. A quick-setting cement similar to Parker’s or Homan cement, 
formerly obtained from nodules found near Whitby in Yorkshire. 

Atlamtes or Ati.antiuics, Figures of males used instead of columns for tlie support of 
an entablature. In some modern works figures resembling Persians have been intro- 
duced, and hence that name has been applied to them. Caryatides. 

Atrium. In ancient Roman architecture, a court surrounded by porticoes in the interior 
part of Roman houses. According to Scali^or it is derived from the Greek atBpios 
exposed to the air. By some it has been considered the same apartment as the vestidit/Of 
and Aulus Gellius intimates that in his time the two words were confounded, 

Attic, or Attic Order. It is employed to decornte the facade of a story of small height* •* 
terminating the upper part of a building ; and it doubtless derives its name from its 
resemblance in proportional height and concealed roof to some of the .buildingi^ of 
Greece. Plhiy thus describes it after speaking of the other orders: “Prleler has sunt 
quie vocantur Atticas eolumnse quaternis angulis pari laterum intervallo.” We, how- 
ever, find no examples of square pillars in the remains of ancient art, though almost 
all Gie triumphal arches exhibit specimens of pilastral attics, having no capitals save 
the, comice breaking round them. In modern architecture the proportions of the attic 
Older have never been subject to fixed rules, and their good effect is entirely dependent 
on the taste and feeling of the architect. The attic is usually decorated with antes 
or small pilasters. 

Amo Bass. The base of a column consisting of an upper and lower torus, a scotia and 
fillets between thorn. It is thus described by Vitruvius, ** It must be so subdivided that 
the npp&t part be one^third of the thickness of the column, ami that the remaindfir be 
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assigned fox tHe liui^ht of the plinth. Excluding the plinth, divide the height intofotir 
one of which is to be given to the upper torus ; then divide the remaining three 
into two equal p^ts ; one will be the height of the lower torus, and the other the 
neigj^ of the scotia with its fillets. See figure s. v. Base of a Column. 

Attic Stobt. A term frequently applied to the upper story of a house when the ceiling 
is square with the sides, to distinguish it from garrets. 

Att^iiiutes, in decorative architecture, are certain symbols given to figures, or dis- 
posed as ornaments on a building, to indicate a distin^ishing character; as a lyre, 
bow, or arrow to Apollo ; a club to Hercules ; a trident to Neptune ; a spear to Pallas, &c. 
For attributes given to ^ints and others in medieeval architecture, see Symbols. 

Auqbb. a carpenter’s and joiner’s tool for boring large holes. It consists of a wooden 
handle terminated at the bottom with steel. The more modem augers are pointed and 
shaip^ned like a centre*bit, the extremity of one of the edges being made to cut the 
wood clean at the circumference, and the other to cut and take away the core, the whole 
length of the radius. 

Auuk. (Lat.) In ancient Roman architecture, a court or hall. 

Aumbbyh. a recess in the wall of the chancel for the preservation of the sacred vessels. 

Aviaby. (Lat. Avis.) A house or apartment, set apart for keeping and breeding birds. 

Awning. (Fr. Aulne.) Any covering intended as a screen from the sun, or protection 
from the rain. 

Axe« (Sax. Eax.) A tool with a long wooden handle and a cutting edge situate in a 
plane passing longitudinally through the handle. It is used for hewing timber by 
cutting it vertically, the edge being employed in forming horizontal surfaces. The axe 
differs from the joifier*s by being much larger, and by its being used with only 

one band. Axes of V'arious sizes, depending upon the quality of the material, are used 
by stone-cutters and bricklayers. The adze is used to horizontal surfaces. 

Axis. The spindle or centre of any rotative motion. In a sphere a line passing through 
the centre is the axis. 

B 

Babylonian Abchitbctubm. See Assyrian Aechitecturb. 

Back. The side opposite to the face or breast of any piece of architecture. In a recess 
upon a quadrangular plane, the face is that surface which has the two adjacent planes, 
called the sides, elbows, or gables. When a piece of timber is fixed' in a horizontal or 
in an inclined position, the upper side is called the back, and the lower the breast. 
Thus the upper side of the handrail of a staircase is properly called the back. The 
same is to be understood with regard to the curved ribs of ceilings and the rafters of a 
roof, whose upper edges are always called the hacks. 

Back op a Chimnay. The recess^ face of it towards the apartment, &c. See Chimney. 

Back of a Hand-bail. The upper side of it. 

Back op a Hip or other Baftkb. The upper side or sides of it in the sloping plane of 
the side of the roof. 

Back Foxibt. The return to the face of the wall, of the margin of a projecting quoin ; 
as in a plain architrave to an opening. 

Back Liming of a Sash Fbame. That parallel to the pulley piece and next to the jamb 
on either side. 

Back Puttying. The cleaning off of the putty in the rebate of a sash bar on the 

inside after the glass has been put in, and the outer putty left a while to harden. 

Back Shuttkbs. Those folds of a shutter which do not appear on the face being folded 
within the boxing* 

Back op a Stone. The side opposite to the face. It is generally rough. 

Back of a Wall. The inner face of it. 

Back of a Window. The piece of wooden framing in the space between the lower part 
of the sash frame and the fioor of the apartments, and bounded at its extremities right 
and left by the elbows of the window. The number of panels into which it is framed is 
dependent on what may be necessary for carrying the design rarely, however, 
oonsistS of more than otte. ' . 

Backing of a Eafthb or Bib. The formation of the upper or outri^ Unkftsee of either in 
•uch a manner as to range with the ed^es of the rafters or ribs on eiiber side of it. The 
formation of the inner edges of the ribs for a lath and plaster ceiling is sometimes 
called hacking, but improperly, since contrary to the true meaning of the word. ■ 

Backing of a Wall. The filling in And butlaing which forms the inner face of the work. 
In this sense it is opposed to facing, which is the outside of the wall In stone walls 
the backing is unfortunately too often mere rubble, while the fiice is ashlar. 

Badiobom. a. mixture of plaster and fteestone sifted and grbund together, nned by 
tuaries to repair defects in their work. The joiner appUes this tenp to a mixture of 
sawdust and strong glue, with which he fills up the defects of the wood after it has been 
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wrought A mixture for the eame purpose is made of whitii^ and giue, and some- 
times with putty and chalk. When the first ef these is used it is allied to temain 
until quite hard, after which it may . be submitted to the operation of plaoi|tf and 
smoothing. Without this precaution it may shrink below the surface of the woi£ 

Bxonio. (ft.) An Italian term for a bath, usually applied by the English to an estab* 
lishment haring conveniences for bathing, sweating, and otherwise cleansing the body: 
and now called a Turkish batli. The term is applied by the Turks to the prisons where 
their slaves are confined, in which it is customary to have baths. 

Bagtjhtte. (fV.) A small moulding of the astragal species. It is occasionally cut with 
pearls, ribands, laurels, &c. According to M. Le Clerc, the baguette is called a cheglet 
when ornaments are cut on it. 

Bailky. Bee Castle. 

Bakehouse. An apartment provided with kneading troughs and an oven for baking, 

Balanbia. A Greek term for a b!)th. 

Balcoky. (It. Balcone.) A projection from the external wall of a house, borne by 
columns or consoles, and usually placed before windows or openings, and protected on 
the extremity of the projection by a railing of balusters or ironwork. In the French 
theatre, the bahott is a circular row of seats projecting beyond the tier of boxes imme- 
diately above the pit. , * 

Baldachiko. (It.) A canopy supported by columns, generally placed over an altar in 
Homan Catholic places of worship. Sometimes the baldachino is suspended from the 
roof, as in the church of St. Sulpice at Paris. It succeeded to the ancient ciboriuic, 
which was a cupola supported on four columns, still to be seen in many of the churches 
of Home. The merit ot its invention seems to belong to Bernini. That erected by him 
in St. Peter’s is 128 feet high, and being of bronze weighs near 90 tons. It was b«ilt 
by order of the Pope Barberiui, from the robbery of the Pantheon, and occasioned the 
bitter observation, “ Quod non fecerint Barbari fecorunt Barbe^ini.” The decision of 
the Arches Court against issuing a faculty for the erection of a baldachino in St. 
Barnabas Church, Pimlico, is given in the journals of the early part of J874. 

Balection or Bolkc noN Mouldings. Mouldings which project beyond the surface of a 
piece of framing. 

Balistbabia. All opening, sometimes in the form of a cross, in the wall of a Gothic 
castle or turret, through which archers could discharge their missiles without being per- 
ceived. They were usually in the form of a cross, the vertical slit or opening being 
made longer than the horizontal one which crossed it in the middle. Sometimes the 
ends were formed circular instead of square. 

Baijcs or Baulks. (Dutch.) Pieces of whole fir. being the trunks of small trees of that 
species, rough-squared for building purposes. In the metropolis the term is applied to 
short lengths, from eighteen to twenty-five feet, mostly under ten inches square, taper- 
ing considerably, and with the angles so left that the piece is not exactly square. 

Ball flowbb. An ornament resembling a bail inclosed in a flower of a circular shape, 
the three petals of which form a cup 
round it. It is usually placed in a 
hollow moulding, and is considered 
one of the chief characteristics of the 
Decorated period of Gothic architecture. 

Ballium. In the architecture of the 
middle ages, the open space or court 
of a fortified castle. This has acquired 
in English the appellation Bailey ; thus St. Peter’s in the Bailey at Oxford, and tha 
Old Bailey in London, are so named from their ancient connection with the sites of 
castles. 

Balloon. A round ball or globe placed on a column or pier, by way of crowning it. The 
same name is given to the balls on the tops of cathedi^, as at St. Peter’s, which is 8 
feet in diameter, and at St. Paul’s in London, 

Balteus. (Lat. a girdle.) The i^e step in theatres and amphitheatres, which afibrded. 
a passage round th^m without dWnrbance to the sitters. No one sat on it ; it sensed 
merely as a Utfdkig-plaoe. In the Greek and Bomau theatre^ every eighth step was a 
balteus. Vitruvius gives the rules, in the third chapter of his fifth bo^, for propeily 
setting it out. 

Th^eterm is also used by Vitruvius to denote the strap which seems to bind up 
the coussinet, cushion, or pillow of the Ionic capital. 

Baluster. A species of small oolamn belonging to a balustrade. See Columellec. This 
term is also used to denote the lateral part of the volute of the Ionic capital, Vitruvius 
<|glls it pulmatUi on accoioit of its resemblance to a pUkrtr, 
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Balusteh Shaft. A Bmall shaft or pillar in the shape of ahalusteriliriding an opening, 
Been in the window of belfries in the Bomanesque towers in England. They hare generally 
an elhptical or pear-shaped entasis or s\i oiling in 
the lower half. The illustration is from Wykham 
‘ Church, Derbyshire. 

BAiiUSTBADB. A parapet or protecting fence formed of 
balusters, sometimes employed for real use, and 
sometimes merely for ornament. 

Cakd. (Fr. Bande.) A flat member or moulding, 
smaller than a fascia. The face of a band is in a 
rertical plane, as is also that of the fascia ; the word, 
howerer, is applied to narrow members somewhat 
wider than fillets; and the word /oscwi to broader 
members. The cinctures sometimes used round the 
shafts of TUsticked columns are called bands. In 
this case the column is called a handed column. 

Bandages. A term applied to the rings or chains of 
iron inserted in the corners of a stone wall, or round 
the circumference of a tower, at the springing of 
a dome, &c., which act as a tie on the walls to keep 
Uiem together. 

BANDRI.ET, or BANDI.ET. A small band encompissing 
a column like a ring. 

BANDiNd Flake. A plane intended for cutting out g^rooTes and inlaying strings and 
bands in straight and circular work. 

Banisteb. a vulgar term for baluster, which see. 

^ . Bakxbb. a bench, on which masons prepare, cut, and square their work. 

^ Banquet. (Fr.) The footway of a bridge when raised above the carriage-way. 
Baptisterv. (Gr. $airTi{<e.) A detached building, or a portion of a church, destined 
for administration of the rite of baptism. It has been contended by some that the 
baptistery was at first placed in the interior vestibules of the early churches, as are in 
many churches the baptismal fonts. This, however, was not the case. The baptistery 
was quite separate from the basilica, and even placed at some distance from it. Until 
the end of the sixth century, it was, beyond doubt, a distinct building; but after that 
period the font gradually found its way into the vestibule of the church, and the prac- 
• tice became general, except in a few churches, as at Florence, Ravenna, of S. Giovanni 
Laterano at Rome, and in those of all the episcopal cities of Tuscany, and some few 
other pdaees. The Roman example is perhaps the most ancient remaining. There was 
a baptistery at Constantinople, of such dimensions that, on one occasion, it held a 
very numerous council. That at Florence is nearly ninety feet in diameter, octagonal, 

, ancf covered with a dome. It is enclosed by the celebrated bronze doors by Lorenzo 
Ghiberti, which Michel Angelo said were fit to be the gates of Paradise, The baptistery 
, of Pisa, designed by Dioti Silvi, was finished about 1 160. The plan is octagonal, about 
129 feet in diameter and 170 feet high. 

Bar. In a court of justice, an enclosure, three or four feet high, in which the counsel 
have their places to plead causes. The same name is given to the enclosure, or rather 
bar before it, at whi(di prisoners are placed to take their triala for criminal offences. 
Bar. a piece of wood or iron used for fastening doors, window shutters, &c. 

Bar or Barred door. The term used in Scotland for a ledffed door. 

Bar op a Sash. The light pieces of wood or metal which divide a window sash into 
compartments for the glass. The an^le hare of a sash are those standing at the inter- 
section of two vertical planes. 

Bar Iron. Iron made of the cast metal after it comes from the furnace. The sows and 
pigs, AS the shapes of the metal are technically termed, pass through the forges and 
chaufery, where, having undergone five successive heats, they are formed into bars. 

^ Bar-posts. Posts driven into the ground fbr forming the sides of a ^Id gate. They are 
mortised, to admit of horizontal bar^ being put in or taken out at pleasure. 
Bar-toaoebt. a name given lo tbo completely devdiped form of Gothic tracery, firow 
its fancied resemblance to bars of iron wrought dnd b»into the various forms exhibited. 
Babbacak. a watch-tower for desexying an enemy; also the outer work or defence of a 
castle, or the fort at the entrance of a bridge. Apertures in the walls of a fortress, for 
firtihg through upon the enemy, are sometimes called by this name. The etymolo^ of 
has been Tariously assigned to French, Italian, Spanish, Saxon, and Arabian 
See Castlh. 

Baboh Boards. The inclined projecting boards ^bced at the gable of a building, and 
hiding the horizontal thnbers of a roof. Thev are frequenUy oamd with trefoils, 
quatr^oils, fioweari, and other ornaments and xoliagUt 



Fig. iy67. Wykhfim Church, Derby* 
shire. 
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Baaob Coun.]Bd« (Saf. BJlitaa, to bar.) Two beaiui mMrsed and tenoned together for 
the purpose' of increasing the^strength of a building. ^ 

Baboe (Jocbsb. The part of the tiling which projects over the gable of a building, and 
which is made good below with mortar. . 

Babx. (Sax. Bepn.) A covered farm-building for laying up grain, hay, straw, &c. T^e ^ 
mtuation of a barn should be dry and elevated. It is usually placed on the north Of 
uorth-east side of a farm^yard. The barns, outhouses, and stables should not be iar 
distant from each other. They are most frequently constructed with wooden framing of 
quarters, &c., and covered with weather boarding; sometimes, in superior farms, they 
are built of stone and brick. The roofs are usually thatched or tiled, as the materials 
for the purpose a^ at hand ; but as the grain should of all tiling l>e kept dry, to pre- 
vent it from mouMing, the gable ends should be constructed of brick, and apertures left 
in the walls for the free admission of air. The bays, as they are called, are formed by 
two pairs eif lolding doors, exactly opposite to each other, and, as well as for thrashing, 
alford the convonien e of carrying in and out a cart or waggon load of com in sheaves, 
or any sort of bulky produce. The doors in question must be of the same breadth as 
the threshing-floor, to afforc. light to the threshers, and air for winnowing the grain. 

It is a good practice to make an extensive penthouse over the groat doors sufficiently 
large to cover a load of corn or hay, in case of the weather not permitting it to be im- 
m«>diaioly housed. 

Barrack. A building erected for the housing of soldiers. 

Barrack-room. A name given to a long room in some houses in the countiy, and intended 
for the sleeping place of a number of men who may have to stay a night or two, the 
house not affording a room for each. 

Bauukl Brain. One in the form of a hollow cylinder. 

lUnRKr. Vault. A cylindrical vault, presenting a uniform concave surface not groined i- 
or ribbed. 

Bakrdw. In Celtic antiquities a sepulchral mound, and called by different names 
according to the shape of it. 

Bartisan. a turret on the summit of a tower, castle, or house, whereon was generally 
hoisted the standard or flag proper to the place. 





Barvcas otBauycephal*. (Gr. Bopus. low or Bat, and head.) The Qre^ name 

for an araeostyle temple. 

Base. (Gr. Beuris.) In geometry, the lower part of a figure or body. The base of a solid 
is the surface on which it rests. 

Base of a Column. The put between the shaft and the pavement or pedestal, if there 
be any to the order. Each column of 
the Romans has its particular base, for 
which see Fig. 1371. For the Aitic 
base, see also under that word. The 
Grecian Boric order d»d not hare a 
base, the shaft standing on the mve- 
ment. Two examples of Greek Ionic 
bases are given in Figs. 1368 an^ 1369* 

Bases are also used to the shn^, iu mediaeval architecture, of Which Fig. 1 370 illas- 
tnvtes au example. ^ 

Basb of a Room. The lower projecting part. It consists of two parts, the lower of 
which is a plain board adjoining the floor, called the plinth, and the upper ot one 
or more mouldings, which, taken collectively, are called the ba^*inouIdh^ sr ^ 
better sort of work the plinth is tongued mto a groove in the floor, by which meuhftoe 
diminution of breadth created by the shrinking never causes any apwture or chasm 
between its under edge and the floor, and the upper ed^ of the plinth is rebated upon 
the base. Bedrooms, lobbies, and staircases are often finished without a amo 


Tuican, Doric. Ionic, Corinthian, Composite, Atticu 
fig. 1371. Itoman bases. 
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' and sorbase, and hideed tbe fashion has extended the practice to rooms of the higher 
class, as drawing-rooms, dec. 

BassMXNT. The lowest storjr of a building, whether above or below the ground. 

Basil. Among carpenters and joiners the angle to which the edge of nn iron tool is 
ground so as to bring it to a cutting edge. If the angle be very thin the tool will cut 
more freely, but the more obtuse it is the stronger and fitter it is for service. 

Basilica. (Gt, Boo’iAcvs, a king.) Properly the palace of a king; but it afterwards 
came to signify an apartment usually provided in the houses of persons of importance, 
where assemblies were held for dispensing justice. Thus in the magnificent villa of 
the Gordian family on the Via Prenestina there wore three basilicje, each more than 
one hundred feet long. A basilica was generally attached to every forum, for the 
summary adjustment of the disputes that arose. It was surrounded in most cases 
with shops and other conveniences for traders. The difference between the Grecian 
and Roman basilica is given by Vitruvius in the fifth chapter of his first book. 

The term basilica is also applied by Palladio to those buildings in the cities of Italy 
similar in use to our town halls. 

Basis. See Basb. 

Basket. A term often applied to the vase of the Corinthian capital, with its foliage, &c. 

Baskbt-handlb Arch. (Fr. Anse de panier.) An arch whose vertical height is less than 
half ita horizontal diameter, such as an elliptic arch. 

Bass. A trough containing mortar, used in tiling, &c. 

Basse Coor. (Fr.) A court destined in a house of importance for the stables, coach- 
houses, and servants attached to that pirt of the establishment. In country houses it 
is often used to denote the yard appropriated to the cattle, fowls, &c. 

Basso-relievo. See Rm ievo. 

Bastard Stucco or Trowelled Stucco. Fine stuff mixed with sand to form a surface 
in plastering to receive paint. 

Bat. In bricklayer’s work, a piece of a brick less than one half of its length. 

Batardbau. (Fr.) The same as Coffer Bam. 

Batbment LkSht. A wdndow having upright sides, but the bottom of which is not level. 

Bath. (From the Saxon, Ban,) An apartment or series of apartments for bathing. Among 
the ancients the public baths were of amazing extent and magnificence, and contained n 
vast number of apartments. These extraordinary monuments of Roman magnificence 
seem to have had their origin in many respects from the gymnasia of the Greeks, both 
being instituted for the exercise and health of the public. The word thermes (hot baths) 
was by the Romans used to denominate the establishment, although it contained in the 
sable building both hot and cold baths. In later times a house was incomplete unless 
provided with hot and C(^d baths ; and, indeed, it was not till the time of Augustus that 
public baths assumed the grandeur which their remains indicate, pifferent authors 
reckon nearly eight hundred baths in Borne, of which the most celebrated were those of 
Agri{^, Constantine, Caracalla, Diocletian, Bomitian, Nero, and Titus. It appears 
from good authority, that the baths of Diocletian could accommodate net less than eight 
hund^ bathers. These stupendous edifices are indicative of the magnificence, no less 
than the luxury, of the age in which they were erected. The pavements were mosaic, 
the ceilings vaulted and richly decorated, and the walls encrusted with the rarest marbles'. 
From these edifices many of the most valuable examples of Greek sculpture have been 
restored to the world ; and it was from their recesses that the restorers of the art drew 
their knowledge, and that Rafaelle learnt to decorate the walls of the Vatican. See p. 96. 

Battbh. (Probably from the Fr. BAton, from its small width.) A scantling or piece of 
stuff from two to six inches broad, and from five-eighths of an inch to two inches thick. 
Battei^,are used in the boarding of fioors and also upon walls, in order to receive the 
laths upon which the plaster is laid. See Boarded Floor. 

BATnoTiKo. The fixing of battens to walls for the reception of the laths on which the 
plaster is to be laid. It also signifies the battens in the state of being fixed for that 
pur^e. The battens employed are usually about two inches broad and three-fourths 
of an inch thick ; the thicknesses, however, may be varied according to the distances that 
the several fixed points are from each other. Ibeir distance in the clear is from eleven 
inches to one foot. To fix the battens, equidistant bond timbers were formerly built in 
the wall : the wall is ii.>w plugged at equal distances, and tbe plugs cut tM flush with 
its surface, or the battens aire spiked i nto the wall . The plugs are generally placed twelve 
or fourteen inches from centre to centre in the lei^gth of the batten. !^ttens upon 
external walls, the ceiling and bridging joists of a naked floor, also the common joists 
for supporting the boarding of a floor, are fixed at the same distance, vis. from eleven 
to twelve inches in the clear. When battens are, fixed against flues, iron holdfasts are 
of course employed instead of jbond timbers or plugs. When they are attached to a wall 
they are ^neraily fixed in vertical lines, and when fixed to the surface of a stone or 
bi*ick vamt, whose intrados is generated by a plane revolving about an axis, they ought 
to be placed in planes tending to the axis \ .as in this position they have only to be fixed 
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in itraight lines^ in case the intrados is straight towards the axis, which will be the case 
when it is a wrtion of a cone or cylinder; and when the intrados is curred towards the 
axis they will bend the easiest possible. Ghreat care should be taken to regulate the 
fans of the battens, so as to be as nearly as possible equidistant from the intended surface 
of the plaster. Every piece of masonry or brickwork, if not thoroughly dry, should be 
batteuod for lath and plaster, particularly if executed in a wet season. When windows 
are boarded, and the walls of the room not sufficiently thick to contain the shutters, the 
surface of the pListering is brought out so as to give the architrave a proper prc;^- 
lion, and quarterings are used for supporting the lath and plaster in lieu of battens. 
This is also practised when the breast of a chimney projects into the room, in order to 
cover the recesses and make the whole side dush, or all in me same surface with the breast. 

Battbu. (Probably from the Fr. Battre.) A term used by artificers to signify that a 
body does not stand upright, but inclines from a person standing before it ; when, on 
the contraiy, it leans towards a person, its inclination is described by saying it 
overhangs. 

Battuamekt. An indented parapet on the top cf a wall. They were first ’^.sed in aticient 
fortifications, and subsequently a^iplied to other buildings as mere ornament. Their 
outline is generally a conjunction of straight lines at right angles to each other, each 
indentation having two interior right angles, and each raised part two exterior right 
angles. The solid parts are called merlons and cops ; the intervals crenelles or embra- 
sures. In Irish architecture a battlement occurs very frequently, the merlons being 
graduated in height. 

Battlh-hmbatti.kd. a term applied to the top of a wall which has a double row of 
battlements formed by a conjunction of straight lines at right angles to each other, both 
embrasures and rising parts being double, the lower part of every embrasure less than 
the upper, and therefore the lower part of each riser broader than the upper. 

Baulk. See Balk. 

Baulk Roofino. Roofing in which the framing is constructed of baulk timber. 

Bay. (Dutch, Baye.) The division of a barn or other building, generally from fifteen to 
twenty feet in length or breadth. For the bay of a nave or choir of a mediseval church, 
see Nate. 

Bay. In plasterer’s work, the space between the screeds prepared for regulating and 
working the fioating rule. See Screed. 

Bay of Joists. The joisting between two binding joists, or between two girders when 
binding joists are not used. 

Bay OF Roofing, Thesmallraflersandtheirsupportingpurlinsbetweentwo principal rafters. 

Bay Window. A window placed in a bay or projection in a room. It is also called an 
oriel Window. See Bow Window. 

Bay of a Window, See Day. 

Bazar. A species of mart or exchange for the sale of divers articles of merchandize. 
The word is Arabic, signifying the sale or exchange of goods or merchandize. Some of 
the Eastern bazars are open, like the market-places of Europe, and serve for the same 
uses, more particularly for the sale of more bulky end less valuable commodities. 
Others are covered with lofty ceilings and even domes, which are pierced for the ad- 
mission of light. It is in these that the jewellers, goldsmiths, and other dealers in rich 

^ wares have meir shops. The bazar or •meidan of Ispahan is one of the finest in Persia. 

JhlULCON Turret. The turret of an angle of a tower, sometimes in Border counties used 
for containing the apparatus for kindling at the shortest possible notice the need-fire. 

Bead. (Sax. l^Pe.) A moulding whose section is circular. It is frequently used on 
the edge of each fascia of an architrave, as also in the mouldings of doors, shutters, 
skirtings, imposts, and cornices. When the bead is flush with the surface it<is called a 
quirk-head^ and when raised it is called a eock-l>€ad. 

Bead and Butt Work. Framing in which the panels are flush, having beads stuck or 
run upon the two edges ; the grain of the wood being in the direction of them. 

Bead, Butt, and Square Work. Framing with bead and butt on one side, aid square 
on the other, chiefly used in doors. This sort of framing is put together square, and 
the bead is stuck on the edges of the rising side of the pannel. 

Bead and Flush Work. A piece of framed work with be&ds run on each edge of the 
included pannel. 

Bead, Flush, and Square Work. Framing with bead and flush on one side, and square 
on the other, used chiefly in doom. 

Bead and Quirk. A bead stuck on the edge of a piece of stuff, flush with its surface, 
with only one quirk or without being returned on the other surface. Bead and double 
^vrk occurs when the bead appears on the face and edge of a piece of stuff in the saute 
manner, thus forming a double quirk. 

Beak. A little pendent fillet left on the edge of the larmihr, forming a canal hehiud to 
prevent the water from running down the lower bed of the comice. Hie beak is some- 
times fdrmed by a groove or (wnnel rooinwed on the soffite of the larmier unwitwt* 
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Bbak-b« 44>. An ornament often need in Norman mouldings, ifesembiihg the beak of a bird. 

Bbak Mo\^ma. See Biud’s-bkak Mouluino. 

Hba m. (Sux. Beam, a tie. ) A piece of timber, or somet imes of metal, f or support! ng a we^ t, 
or counteracting two opposite and equal fbrces, either drawing it or compressing it in 
tbe direction of its leugtli. A beam employed as a lintel supports a weight ; if em- 
ployed as a tie beam, it is drawn or extended ; if as a collar beam, it is compressed. The 
word is usually employed with some other word used adjectively or in opposition, whicli 
word implies the use, situation, or form of the beam ; as tie heatn^ ham per heam^ dragon 
beanif nlraining hcam^ camber binding btam, girding biam^ truss bcam^ simmer beam^ 
&C. Some of those are, however, used simply, as collar for collar beam, lintel for lintel 

. beam, &c. That which is now called the collar beam was by old writers called wind 
beam^ and strut or strutting beam. A beam is lengthened either by building it in 
thicknesses, or by lapping or splicing the ends upon each other and bolting them through, 
which is called scarjing. See Collab Bbam. 

Bram Cohpassks. An instrument for describing large circles, and made either of wood 
or metal with sliding sockets, carrying steel or pencil points. It is used only when th^ 
circle to be described is beyond the reach of common compasses. 

Bkam Filuno. The brickwork or masonry brought up from the level of the u nder to the up- 
per sides of tlie beams. It is also used to denote the filling up of the space i'rom the top of 
the wall plate between the rafters to the under side of the slating, board, or other covenng. 

Bkarbb. That which supports any body in its place, as .a wall, a post, a strut, &c. In 
gutters they are the short pieces of timber which support the boaiding. 
j Bkauino. The distance or length which the ends of a piece of timber lie upon or are 
inserted into the walls or piers ; thus joists are usually carried into the walls at least 
nine inches, or are said to have a nine-inch bearing. Lintels of an aperture should in 
like manner have a similar bearing, the object being to prevent hny sagging of the piece 
acting on the inner horizontal quoins of the wall. 

> Bbabino of a Timbeb. The unsupported distance between its points of support without 
any intervening assistance. A piece of timber having any number of supports, one 
being placed at each extremity, will have as many bearings, wanting one, as there are 
supports. Thus a piece of timber extended lengthwise, as a joist over two rooms, will 
have three supports and two bearings, the bearers being the two outside walls and the 
partition in the midst between them. 

Bbabikg Wajll OB Partition. A wnU or partition built from the solid for the purpose 
of supporting another wall or partition, either in the same or in a transverse direction. 
When the latter is built in the same direction as the supporting wall, it is said to have 
a solid bearing ; but when built in a transverse direction, or unsupported throughout, 
its whole length is said to have a false hearing^ or as many false bearings are there are 
iotorvals below the wall or partition. 

Bxateb. Ab implement used by plasterers and bricklayers for beating, and thereby temper- 
ing or incorporating together tne lime, sand, and other ingredients of a cement or plaster. 

^ Beaufbt. See Buffet. 

\ Bed. (Sax. Ben.) The horizontal surface on which the stones, bricks, or other malters 
in building lie. The under surface of a stone or brick is called its under bid, and the 
upper surface its upper bed. In general language the beds of a stone are the surfaces 
where the stones or bricks meet. It is almost needless to inculcate the necessity of 
every stone being worked quite straight, and not dished or hollowed out, which masons 
are very apt to do for the purpose of making a fine joint. Stones thus worked are very 
liable to flush and break olf at the angles. 

Bud Chambbb. The apartment destined to the reception of a bed. Its finishings of 
course depend on the rank of the party who is to occupy it. 

BkD'Mouldinqs. The mouldings under a projection, as the corona of a cornice. 

Bud of a Slate. The under side of a slate, or that part in contiguity with the boarding or 
rafters. 

Beds of a Stone, in cylindrical vatidting, are the two surfaces intersecting the intrados 
of the. vault in lines parallel to the axis of the cylinder. In conic vaulting, where the 
axis it horizontal, they are those two surfaces which, if produced, would intersect the 
/ axis of the cone. In arching the beds are called by the workmen. 

' Beduinq of Tihbebs. The placing them properly in mortar on the walls. 

Bbecu. One of the forest trees, but not often used in btiiiding. 

Beetle. (Shz. B5^el.) A large wooden hammer pr mallet with one, two, or three 
handles for as many persons. With it piles, stakes, wedges, &c., are drivim. 

Bklection MotJLDuro. See Balkctxok laouLDiKO. 

Bblfbt. The upper part of the steeple of a church for the reception of the bells. It is 
the campanile of the Italians, though amongst them a building often altogether 
uncosBtfctod with tht* body of the eburoh. It is sometimes used more especially iil 
respect of the timber framing by which the bells are supported, 
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Bia*L. The naked rase or corheUle of the Corinthian and Qomposi^ capitalf round which 
the foliage and volutes are arranged. Its horisEontal section is everywhere a circle. 
Hoof. One whereof the vertical section, perpendicular to the Wall or to iVs Spridff- 
ing line, is a curve of contrary flexure, being concave at the bottom and convex at* the 
top. It is often called an ogee rcof from its form. 

Bkll TxjnBBT. A small tower formed specially for holding a bell. A “ bell-gable W a 
gable-like wall perforated to hold a bell. ^ 

Bki.t. In masonry, a course of stones projecting from the naked, either moulded, plain, 
fluted, or enriched with pateras at regular intervals. 

Bkltedebil (It.) A rais^ turret or a lantern for the enjoyment of a prospect ; njso' a 
small ediflce in gardens, not uncommon in France and Italy. 

Bekatora. The holy water vessel placed at the entrance of churches, generally on the 
right hand of the outer, or inner, porch door, or both. The sprinkler, originally made 
of the herb hyssop, is Called aaptrff ilium. 

Bkecu. a horizontal surface or table about two feet eight inches high, on which joiners 
prepare their work. 

Bench Hook. A pin affixed to a bench for preventing the stuff in working from sliding 
out of its place. 

Bknt Timber Hoop. A roof of large span, in which tlie principals are formed of timbeV 
bent to the required form, and secured by bolts or bands. 

Betun. (Fr.) Concrete made according to the Frencli system. 

Brvj*j.. (Lat. Biviiim.) An instrument used by artificers, one leg whereof is frequently 
curved according to the sweep of an arch or vault. It is moveable upon a pivot or 
Cf-iitre, so as to render it capable of being set to any angle. The make and use of it 
are much the sjvme as those of the common square and miter, except that those are 
fixed, the first at an angle of ninety degrees and the second at forty-five ; whereas the 
bevel being moveable, it may in some measure supply the office of both, and yet supply 
the deficiency of both, which is, indeed, its principal use, inasmuch as it serves to set 
off or transfer angles either greater or less than ninety or forty-five. 

Any angle that is not square is called a Uvd angle^ whether it be more obtuse or 
more acute than a right angle; but if it be one half as much as a right angle, viz. 
forty-five degrees, the workman calls it a miter. They have also a term hatf miter^ 
which is an angle one quarter of a quadrant or square, that is, an angle of twenty-two 
degrees and a half, 

Bieu. A portable carnage for the dead. Hearse or Hercs. 

Billet Mouldino. (Fr. Billet.) A moulding used in Korman architecture, in string 
courses and the arehivolts of openings. It con- 
sists of short, small, cylindrical pieces, two or 
three inches long, placed in hollow mouldings at 
intervals equal to about the length of the billet. 

See fig. 1372. 

Binding Joists. Those beams in a floor which, in 
a transverse direction, support the bridging joists 
al>ove, and the ceiling joists below. When they 
are placed parallel to that side of a room on 
whicli the chimney stands, the extreme one on that side ought never to be placed close 
to tJie breast, but at a distance equal to the breadth of the slab, in order to allow for 
the throwing over the brick trimraor to support the hearth. 

Binding Bafteus. Tlie same as pu^ins. 

Binn for Wink. The open subdivision in a cellar for the reception of wine in bottier. 
The average diameter allowed for green bottles is 3'66 inches. Thus a binn 6 ft. 2|’in. 
long will take twenty-cne bottles. If they are laid in double tiers the depth should be 
32 inches. 

Bird’s-reak Moulding. A moulding which in section forms an ovolo or ogee with or 
without a fillet under it, followed by a hollow. It is usual in Greek work, especially 
in the cap of the aiita of the Doric order. 

Bird’s-kyh Maple Wood. The wood of the acer macrophyllum, or broad-leaved mapl^. 
It is scarcelv inferior in grain to the finest satin wood. It is largely used in cabinet 
work. 

Bird's-eye Perspective. A representation of any place or building taken from a great 
height. The lines can only be found geometrically. It differs from the ordinary 
peiSpeetive representations only in that the horizontal line is very much above the 
object to be shown. 

Bird's Mouth. An interior angle cut on the end of a piece of timber, for the purpose 
of obtaining a firm rest upon tlie exterior angle of another piece. 

Bit, An instrument for bt'ring holes in wood or any other substance, so constructed as 
to Hdrait of being insi rted or taken out of a spring. The handle is divided into five 
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wts, all in the aame plane ; the middle and the two extreme parts being parallel. 
The two extreme parts are in the same straight line, one of them haring a brass end 
with a socket for containing the bit, which, when fixed, falls into the same straight line 
with the other end of the stock ; the further end has a knob attached, so as to remain 
stationui^, while all the other parts of the apparatus may be turned round by means of 
the projecting part of the handle. 

There are various kinds of bits ; as shell hit^ used for boring wood, and having an 
interior cylindric concavity for containing the core; cmtre bUt used to form a large 
cylindric hole or excavation ; countersink bit, for widening the upper part of a hole in 
wood or iron, to take in the head of a screw or pin, so that it may not appear above the 
surface of the wood ; rimer bit, for widening a hole ; and taper shell bit, used also for 
the last-named purpose. 

Bituiikn. a mineral pitch used in former ages instead of mortar. The bricks of the 
walls of Babylon are said to have been cemented together with it. 

Blxdk. (Sax. Blae'b.) A name sometimes given to the principal rafter of a roof. 

Blade of a Chisel. The iron or steel part of it as distinguished from the wooden 
handle. 

Blade op a Saw. The thin steel part on tlie edge of which the teeth are cut. The 
chief properties of a good saw are, that it should be stiff and yet bond equally into a 
regular curve, well tempered, equally thick on the cutting edge, and thinner towards 
the back edge. 

Blank Doort. A door either shut to prevent a passage, or one placed in the back of a 
recess, where there is no entrance, having, nevertheless, the iippearance of a real door. 

Blank Window. One which has the appearance of a real window, but is merely formed 
in the recess of the w ill. When it is necessary to introduce blank windows for the 
Siike of uniformity, it is much better to build the apertures like the other and real 
windows, provided no flues or funnels interfere ; and instead of representing the sashes 
by painting, real sashes should be introduced with the panes of glass painted black 
on the back. 

Blind. The ordinary white linen material for draw-down blinds, now also made 
buff, blue, or red in colour. Also quadrangular forms of wood or metal, covered with 
an opaque substance, stretched between the framing, so as to cover either the whole or 
part of the sashes of a window. They are used for the purpose of diminishing the 
intense efieets of the sun’s rays, or of preventing persons from seeing into the in- 
terior of an apartment. Heliosckne. Venetian. 

Block (Teutonic) of Wood. A piece of wood cut into some prescribed form for a par- 
ticular purpose.- 

Bixx7K of Stone or Marble. A piece rough from the quarry before it has received any 
form from the hand of the workman. 

Blockinq or Blockino Course. In masonry, a course of stones placed on the top of a 
cornice and forming the crown of a wall. 

Blockings. Small pieces of wood fitted in and glued to the interior angle of two boards, 
or other pieces, for the purpose of giving additional strength to the joint. In gluing 
up columns the staves are glued up successively and strengthened by blockings ; as also 
the risers and treads of stairs and all other joints that demand more strength than their 
own joints afford. Blockings are always concealed from the eye. 

Board. (Sax. Bopb.) A piece of timber of undefined length, more than four inches in 
breadth, and not more than two inches and a half in thickness. When boards are of a 
trapezoidal section, that is, thinner on one edge than the other, they are called feather^ 
edged boards. Boards when wider than nine inches are oxMeA planks. The fir boards 
called deal (because they are dealt or divided out in thicknesses) are generally imported 
into England ready sawn, being thus prepare! cheaper by saw mills abroad than they 
can be here Fir boards of this sort, one inch and a quarter thick, are called whole deed, 
and those a full half inch thick, See Batten. 

Board for Valleys or Valley BoarI>. A board fixed on the valley rafters, or a piece 
for the leaden gutter of the valley to rest on. 

Boarded Floor. A fioor covered with fioor-boards. The laying of fioors usually com- 
mences when the windows are in and the plaster dry. The boards should be planed on 
their best face and set up to season, till the natural sap is expelled. They are then to 
be planed smooth, shot, and squared on the ed^e. The opposite edges are brought to a 
breath by drawing, with a fiooring gauge, a line on the face panillel to the other edge. 
After this they are gained to a thickness, and rebated down on the back to the lines 
drawn by the gauge. The next thing is to try whether the joists be level, and if not, 
either the boards must be cut on the under side to meet the inequality, or the joists 
Inust h^furnd up by pieces to bring the boards, when laid, to a level. The boards em- 
‘ ployed in flooring are either battens or deals of greater breadth. The quality of battens 
w divided into three sorts. The best is that firee from knots, shidees, sap wood, hr cross- 
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pained stuff, well matched, and selected with the greatest care. The second best is th^ 

. m which only small but sound knots are permitted, but it is to be free fipom sapwood 
and shakes. The most inferior kind is that left from the selection of the other two. 
Boaubino Joist. In naked floorings the joist to which the boards are to be flxed. 

Boabdino for Lead Flats and Gutters. That which immediately receives the lend, 
rarely less than one inch and an eighth, or one inch and a quarter thick. It is usually 
laid merely with rough joints. 

Boabdtnq for Pugging or Deafening, also culled Sound Boarding. Short boards dis- 
posed transversely between the joists of floors to hold some substance intended to prevent 
sound being transmitted from one story to another. These boards are supported by 
JiUeta flxed to the sides of the. joists, about three-quarters of an inch thick and an incn 
wide. The substance, often plaster, placed betw’een them to prevent the transmission 
of the sound, is called the 'pugging. 

Boarding for Slating, That nailed to the rafters, in place of laths, for the reception of 
the slates, usually | to | of an inch in thickness ; the sides commonly rough; the edges 
either rough, shot, ploughed and tenguod, or rebated and sometimes sjgrung^ so as 
to prevent the rain from passing through the joints. The boarding for slating may be 
so arranged as to diminish the lateral pressure or thrust against the walls by disposing 
the boards diagonally on the rafters. On the lower edge of the boarding is fixed tho 
eaves hoard, as also ngainst all walls either at right angles to or foiming an acute angle 
with the ridge, or a right or obtuse angle with the wall plate. The oaves board is lor 
raising the lower ends of the lower row of slates that form the eaves. Those placed 
against walls are for raising the slates to make the water run off from the wall. The 
boarding for slates should be of yellow deal withoujt sap. 

Boarding for lining Walls. The boards used for this purpose are usually from five- 
eighths to three-quarters of an inch thick, and are ploughed and longuod together. 
Boaster. A tool used by masons to make the surface of the work nearly smooth. It is 
two inches wide in the cutting pvrr. 

Boasting in Masonry. The act of paring the stone with a broad chisel and mallet, but 
not in uniform linos. 

In Carving, it is the rough cutting round the ornaments, to reduce them to their 
contours and profiles, before the incisions are made for forming the raffels or minuter 
parts. See Ashlar. 

Body of a Niche. That part of it whose superficies is vertical. If the lower part be 
cylindrical and the upper part spherical, the lower part is the body of the niche, and 
the upper part is termed the head. 

Body of a Room. That which forms the main part of the apartment, independent of 
any recesses on the ends or sides. 

Body Range of a Groin. The wider of two vaults which intersect and form a groin. 
Bolkction Moulding. See Balbction Moulding. 

Bolster or Pillow. The baluster part of the Ionic capital on the return side. See 
Baluster. 

Bolt. (Gr. BoAis, a dart.) In joinery, a metal fastening for a door, and moved by tho \ 
hand, catching in a staple or notch which receives it. Bolts are of various sorts, of which 
plate spring and/w^A holts are for fastening doors and windows. 

This name is also given to large cylindrical iron or other metal pins, having a round 
head at one end and a slit at the other. Through the slit a pin or forelock is passed, 
whereby the bar of a door, window shutter, or the like is made fast. These are usually 
called round or window bolts. 

The bolt of a lock is the iron part that enters into a staple or jamb when tlie key is 
turned to fasten the door. Of these the two sorts are, one which shuts of itself when 
the door is shut to, ealled a spring bolt ; the other, which is only acted upon by applying 
the key, is called the dormant bolt. 

In carpentry, a bolt is usually a square vt i^ndrical piece of iron, with a knob at 
one end and a screw at the other, passing through holes for its reception in two or more 
pieces of timber, for the purpose of fastening them together, by means. of a nut screwed 
on the end opposite to the knob. The bolt of carpentry should be proportioned to the 
size and stress of the timbers it connects. 

Boltbl. See Boultinb, 

Bond. (Sax.) Generally the method of connecting two or more bodies. Used in the 
plural number, it signifies the timbers disposed in the walls of a house, such as bond tim- 
b rs, lintel^, and plates. The term chain bond is sometimes applied to the bond 
timbers formerly placea in one or more tiers in the walls of ea^ story of a building, 
and serving not only to tie the walls together during their settlement, but afterwards 
for nailing the flnis^ngs thereto. These bond timb^ are now not allowed to be need 
in buildings in tho metropolis,. . .. 

in masonry or ^ckwork, is that disposition of stones or bricks which prswts 
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the rertical joints falling over one another. Heart bond is that bond «rhich oecnin 
'when two stones being placed in a longitudinal position extending the exact thickness 
of the wall, another stone is put over the joints in the centre of the wall. 

Bond Masonry. See Bottnd Masonry. 

Bond Stonks. Those whose longest horizontal direction is placed in the thickness of the 

/ work. 

yBoNEiNo, or B'vNino. (Etym. doubtful.) The act of judging of, or making, a plane surface 
or line by the eye. It is also performed by joiners with two straight edges, by which 
it is seen whether the work is out of winding ^ that is, whether the surface be plane or 
twisted. 

Booth. (British, Bwtb.) A stall or standing in a fair or market. The term is also applied 
to any temporary structure for shade and shelter, as also for wooden buildings for itinerant 
j players and pedlars. 

Bordkb. (Fr. Bord.) A piece of w’ood put round the upper edges of any thing, either 
for use or ornament. Such are the three pieces of wood, to which the term is moro 
usually applied in architecture, which are mitred together round the slab of a chimney. 

Bohino. The art of perforating any solid. For wood, the various sorts of bits are 
described under Bit. 

Boas. (Fr.) A projecting mass or prominency of material, to bo afterwards cut or carved. 
It is placed at the intersection of the ribs in groined vaulting. The bowses in the later 
mediaeval styles were beautifully carved with foliage and figures. See Obd. 

Boss. Among bricklayers, a wooden vessel used by the labourers for the mortar used in 
tiling. It has an iron hook, by which it hangs on the laths or on the rounds of a 
bulder. 

Bossagk (Fr.) Projecting stones laid rough in building to bo afterwards cut into moulds 
lugs or carved into ornaments. The term is also used to signify rustic work, which 
seems to advance before the naked of a building, by reason of indentures or channels 
left at the joints. The cavities or indentures at the joints are sometimes bevelled or 
chamfered, and sometimes circular. 

BoTTDom. A French term used in England to designate a room in a large mansion 
, especially appropriated to the mistress of the house as her sitting-room. 

Boulder Walls. Such as are built of round flints or pebbles laid in strong mortar. This 
construction is used where there is a beach cast up by the sea, or where there is an abun- 
dance of flints in the neighbourhood. 

Boultinb or Boltel. A name sometimes given by workmen to a convex moulding, such 
Hs an ovolo. See Bowtrl. 

Bound or Bond Ma.sonry. That wherein the stones of each succeeding course are laid 
so that the joint which mounts and separates two stones always falls directly over the 
middle of the stone below. 

Bow. (Sax. Busen.) The part of any building which projects from a straight wall. It 
is sometimes circular and sometimes polygonal on the plan, or rather formed by two 
exterior obtuse angles. Bows on polygonal plans are called oanUd bows. 

Bow. Among draughtsmen, denotes a beam of wood or brass, with three long screws that 
direct a lath of wood or steel to an arch. It is used in drawing flat arches of large 
radius. 

Bow Compasses. Instruments for describing small circles. 

Bow Room. A room having a bow on one or more sides of it. 

Bow Saw. One for cutting the thin edges of wo<id into curves. 

Bow Window. A semicircular or polygonal projection from a building, and containing 
a window. The supports are either carried up from the ground, or in the case of an 
upper story, they are formed of projected suites of mouldings springing from a corbel. 
They are most trequontly seen in the later medieeval and the Italian styles. 

Bowlers or Holders. See Pavement. 

Bowtbl or Boltel. The mediaval term tix a plain moulding or shaft of a circular shape. 
Sea Boultink. ' * 

Box. (Sax.) Generally, a case for holding anything. 

Box FOR Mitertno. a trough for cutting miters. It has three sides, and is open at the 
ends, with cuts on the vertical sides at angles of forty-five degrees with them. 

Box OF A Bin Saw. Two thin iron plates fixed to a handle, in one of which plates an 
opening is made for the reception of a wedge, hy which it is fixed to the saw. 

Box OF A Theatre. One of the subdivisions in the tiers round the circle. 

Boxed Shutters. See Boxings op a Window. . 

Boxings op a Window. The cases opposite each other on each side of a window, into 
which the shutters are folded or fall back. The shutters of principal rooms are usually 
in two divisions or halves, each subdivided into others, so wat they may be reedved 
within the boxings. The subdivisions are seldom more in number than three, and are 
so contrived that the subdivision whose face is visible, which is called the firoot shutter, 
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is of the exact breadth of the boxing, and also flush with it ; the next, hidden in tlie 
, hoxiog, is somewhat less in breadth than that last mentioned, and the third still less. 
Suppose, for instance, a window four feet wide, standing in a two-brick or eighteen-incJi 
wall ; we may thus find the numl)er of leaves each of tlie halves most have, as follows : — 
To the thickness of the wall add that of the plastering, say 2 inchee, and we have *20 
inches. Now tlie sash frame « 6 inches in thickness, being added to the ttmal or dis- 
tance = 4^ inches of the sash frame from the face of the wall «■ 10^^ inches, which, 
subtract^ from 20, the thickness of the wall and plaster, leaves 9.J inches. This will 
give three leaves, or subdivisions, and as it is usual to make the back fiaps^ or those folder/ 
within the boxings, less than the front shutter, whose face is visible and flush witli and 
of the exact breadth of the boxings, the arrangement may be as follows Front 
shutter 0^ inches, the next 8 inches, and the third inches ; in all, 24 inches, the half 
of the opening of the window. It will be perceived that no allowance has been made 
for the shutters being rebated into each other, as is usually the case ; and for this half 
an inch more must be allowed for the two rebates of the throe leaves, and one-eighth 
of an inch for the rebate at the meeting of the two principal divisions in the middle of 
the window, making, with the breadth of the three subdivisions, 24 + 4 j the flaps, there- 
fore, may bo thus dispose I : — front leaf 94 iiiflieH, second leaf SJ inches, and the tliird 
leaf inches; in all 24| inches, being fully the width of pach principal division. To 
find the depth to be given to tlie boxings, to the thickness of each of tlie leaves add one- 
sixleenih of an inch, and jf tliere be a back lining add also the thickness of that. The 
second and third flaps are almost always thinner than the front leaf; thus, say front 
leaf H inch, second leaf incli, and third loaf 1| inch ; to which add A for the throe 
leaves, and the amount will stand thus : — + 1| + 1^ t1i=* inches for the depth of 
the boxings. If the walls are only a brick and a half thick, or the window very wide, 
the architrave is made to project before the face of the plaster, for the purpose of 
obtaining width for the boxings, or the plaster is brought out from the internal face of 
the wall by moans of battening. 

Euacb. (Fr, Embrasser.) An inclined piece of timber used in trussed partitions and in 
framed roo'^s, in order to form a triangle, by which tlie assemblage of pieces composing 
the framing are stiffened. When a brace is used to support a rafter, it is called a strut. 
When braces are used in roofs and in partitions, they should be disposed iu pairs, and 
introduced in opposite directions. See Angt.b Brack. 

Bracket. (Lat. Brachium.) A supporting piece for a shelf. When the shelf is broad 
the brackets are small tnibses, wliieli consist of a vertical piece, a horizontal piece, and 
a strut; but wlien narrow tlie brackets are generally solid pieces of boartf, usually 
liiiisliod with an ogee figure on their outer side. 

Bracket for Stair. It is sometimes used under the ends of wooden steps next to the 
well-hole, for the sake of ornament only, for it gives only the appearance of a support. 

Bracketing to a Cornice. The wooden ribs nailed to the ceiling, joists, and battening 
for supporting the cornices of rooms when too large for security, % mere defrodence 
on the adhesive power of pilaster to the c< iling. It consists of vertical ribs whose rough 
outline is that of the cornice, and to which the laths are nailed for sustaining the plaster 
in which the mouldings are mu. The bracketing for coves is only an enlargement of 
the scale which occurs in ordinary cornices, the operation being that of obtaining a set 
of ribs to which the laths may be nail© I for the reception of the plastoHng. The ribs 
in question are usually cut out of deals, whose thickness must necessarily vary with the 
weight of plaster they have to support. 

Brad. (Etym. uncertain.) A thin nail used in joiMory without the spreading head wlwch 
other nails liave, the projection of the head being only on one side. There are various 
sorts of brads, such as.;M»rr*’ brads for hard woods; latten brads, for softer woods; 
and bilf, or quarter hrad.% used for a hastily laid floor. When brads are used they are 
generally driven below tlie surface of the wood through the medium of a punchy and the 
hole is filled up with putty to prevent an appearance of the nailing. 

Branches. The ribs of a Gothic verlt, rising upwards from thi^ topj ef the pillars to the 
apex. They appear to support the ceiling or vault. 

il’uANDERiNO. Covering the underside of joists with battens about an inch square and 
from tweh*e to fourteen inches a{»rt> to which to nail laths, in order to secure a better 
key for the plastering of the ceiling. 

Brandritk. A fence or rail round the opening of a well. 

Brass. A metal much used in building. It is an alloy of copper and sine, whose pro- 
portions vary according to the required colour. Four parts of copper and one of zinc 
form a good brass. The common process for making it is by heating copper plates in 
a mixture of native oxide of zinc, or calamine and charcoal. 

Reass. A sepulchral metal plate, generally sunk into a grave-stone ; sometimes with a 
mere inscription, but yery frequently with effigies, armorial bearing*^, and other devices 
engraved upon it; 
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Lrattishinq. An ornamental cresting. The carved open work over a ehifne. 

BfUziKG. The union of pieces of copper by heating and hammering them. See Sountn* 
IKO and Weudinq. 

liBBADTH. The greatest extension of a body at right angles to its length. 

/ Bukak. The recess or projection of any part within or beyond the general face of the 
work. In either case it is to be considered a break. 

/BrtBAK IN. In carpentry, it is the cutting or breaking a hole in brickwork witJi the ripping 
^ chisel for the purpose of inserting timber, or to receive plugs, the end of a beam, or 
the like. 

Breaking down. Sawing a baulk of timber into boards. 

Breaking Joint. In masonry or brickwork, it is the placing a stone or brick over the 
course below, in such a manner thit the joint above shall not fall vertically immediately 
above those below it. 

Breast of a CHUtNEr. The projecting or facing portion of a chimney front towards a 
room which projects into it, or which, from other construction, may not have a break. 
It is, in fact, the wall carried up over the front of a fireplace, whether projecting or 
not See Chimney. 

Breast of a Window. The masonry tk brickwork forming the back of the recess or 
parapet under the window sill. 

Breeze. Small ashes and cinders used instead of coal in the bnrning of bricks. 

Beessummer or Breast Summer. That is, a summer or beam placed breastwise for the 
support of a superincumbent wall, performing in fact the office of a lintel. It is prin- 
cipally used over shop windows to carry the upper part of the front and supported by 
iron or timber posts, though sometimes by stone. It the interior of a building the 
pieces into which the girders are framed are often called summers. 

Brbwhouse. An establishment for the manufactory of malt liquors. A brewhouso is 
generally provided as an appendage to dwelling-houses in the country, for brewing the 
beer used by the family. 

Brick. (Butch, Bricke.) A sort of fictitious stone, composed of an argillaceous earth, 
tempered and formed in moulds, dried in the sun, and finally burnt to a proper degree 
of hardness in a clamp or kiln. The metliol pursued by the ancients in making un- 
burnt bricks is described by Vitruvius, book ii., chap. iii. That author describes the 
three different sorts in use : — Bidoron (8i8«pov), being one foot long and h.ilf a foot 
wide ; the other two sorts are called Pentadoron and Totradoron. By the word Doron 
the Greeks mean a palm, because the word ^wpoif signifies a gift which can be borne in 
the palm of the hand. That sort, therefore, which is five palms each way is called Pen- 
tadoron ; that of four palms Tetradoron. The former of these two sorts is used in 
public buildings ; the latter in private. Each sort has half-bricks made to suit it. 
Towards the decline of the Republic, the Romans made great use of bricks as a building 
matoppial. According to Pliny, those most in use wore a foot and a half long, and a foot 
broaY This agrees nearly with the Roman bricks used in England, which are gener- 
ally found to be about seventeen inches in length, by eleven inches in breadth. Ancient 
bricks are generally very thin, being often no more than one inch and a half thick, 
and are often called tiles. Prom the article in the Encyo. Mithodique, it appears that in 
the researches made among the buildings at Rome, bricks of the following sizes were 
found. The least were 7i inches (French) square and 1^ inch thick ; the medium one 16^ 
inches square and from 18 to 20 lines in thickness. The larger ones were 22 inches 
squai-e by 21 or 20 lines thick. The smaller ones were used to face walls of rubble 
work ; and for making better bond with the wall, they were cut diagonally into two 
triangles, the longer side being placed on the outside, and the point towaras the in- 
terior of the work. To make the tie more effectual between the rubble and the facing, 
there were placed at intervals of four feet in height, one or two courses of large square 
bricks. Tiie larger bricks were also used for tlie arches of openings to discharge the 
superincumbent weight, 

Bricklayer’s WoRit. The art of bricklaying. 

Brickwork. Any work performed with bricks as the solid material. 

Bridge. (Sax. Bpissv.) A structure for the purpose of connecting the opposite banks 
of a river, gorge, valley. &c., by means of certain materials, forming a roadway from 
one side to the other. It may be made of stone, brick, ir(m, timber, suspended chains 
or ropes, or the roadway may be obtained by means of boats moored in the stream. 
In the bridges of the ancients the arches were semicireular ; in those erected during 
the mediaeval period the arches were obviously made pointed, and generally of small 
^pan8, although there are a few good exceptioos ; while in those of modern date they 
have been segmental or semi-elliptical, ^e last two forms are very much more 
suitable, because of the fteer passage for the stream, especially in the cRse of floods. 
We would refer the student to the brick railwav bridge at Maiaenhead, over tho river 
Thamea, carried out in 1835, by Sir 1. Brunei, aa a daring effort of work; the two 
laigest arches, riliptical in form, are each 128 feet span with a rise of 84 feet 8 in. 
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only ; to tho elliptical stone bridge over the Amo at Florence,^ 1667^70, by 
Ammannato, for its acknowledged beauty, the lai'gest arch of which ie 95 feet 10 m., 
with a rise of 15 feet 2 in.; and to the Qrosvenor bridge at Chester, orer the J3ee, 
executed 1825-27, by Thomas Harrison, architect, for its design and good instruction, 
as well as for being the largest span of any bridge yet erected in Great Britain, and 
almost in the world, consisting of only one segmental arch of 200 feet span, with a 
rise of 42 feet. In the brick bridge at Pavia, over the Ticino, which is of an early 
period, and also a covered bridge (a practice useless per haps, but not unimmon in 
Italy and other parts of the Continent), the arches, 70 feet in span, are Pointed; a 
form very favourable in every respect and most especially so in rivers subject to 
sudden inundations, but unfavourable certainly in cases where the span of ^ the awn 
(here having a rise of 64 feet) is required to have a large width in proportion to its 
height. 

There are two rules respecting bridges which ought not to be neglected : the prin* 
eipal one is, that their direction must, if possible, be at right angles to the stream ; 
the other that they must be placed in the line of the streets which they connect on the 
opposite banks of the stream. From a want of r^ard to these points many unfortunate 
blunders have been committed, which a prodigal expenditure will not afterwards 
rectify. The position of a bridge should be neither in a narrow part nor in one liable 
to swell with tides or floods, because the contraction of the waterway increases the 
depth and velocity of the current, and may thus endanger the navigation as well as the 
bridge itself. 

It is the common practice to construct a bridge with an odd number of arches, for 
the reason, among many others, that the stream being usually strongest in the middle, 
egress is there better provided by a central arch. If the bridge bo not perfectly 
horizontal, symmetry results by the sides rising towards the middle, and the roadway 
may be made one continued curve. When the roadway of a bridge is horizontal, the 
saving of centering for the arches is considerable, because two sets of centres will 
perhaps be sufficient for turning all the arches. If, however, the bridge be higher in 
the middle than at the extremities, the arches on each side of that in the centre must 
diminish similarly, so that (hey may be respectively symmetrical on each side of the 
middle. From this disposition beauty necessarily results, and the centering for one of 
the sides equally suits the other. A bridge should be constructed with as few arches 
us possible, for the purpose of allowing a free passage for the water, as well as for the 
vessels ; if the bridge can bo constructed with a single arch not more should be allowed. 
The piers should be of sufllcient solidity to resist the thrust of the arch, independent 
of the counter thrust from the other arches; in which case the centering may be struck 
without the impendent danger of overturning the pier left naked. The piers should 
also be spread on their bases as much as possible, and should diminish gradually 
upwards from their foundations. In brick bridges of small plan, an inverted ar^ is 
often formed between the piers, to form a support, as well as to prevent any ill effects 
to the piers or abutments from a scour, ^ ^ ^ jr j 

The method usually employed for forming the foundations is by means of coj^er-^ms. 
When, however, the ground is loose, this method cannot so well be used; and then 
caissons have been employed. On this system the piers of old Westminster and old 
Blackfriars bridges were constructed ; both bridges have been rebuilt. It is^ 
universally admitted to be defective and inefficient, principally from the liability of 
the piers being undermined by increased scour. Waterloo, Southwark, and London 
bridges were all built with the coffeivdam, laying the foundation dry. At new WMt- 
minster bridge another plan was adopted, avoiding the expense of coffer-dams. The 
principal bearing is on elm piles, cut off below low water. These are surrounded by 
iron piles with cast iron plates driven between the piles, thus forming a complete 
casing which surrounds and includes the elm bearing piles, and the interstices aw 
filled in with concrete, making the whole solid. The next system of foundation is 
that of iron cylinders open at bottom and sunk into the bed of the river by ezcavatisgl 
first inside by divers ; and afterwards, when watertight strata are reached, bv pum|ttiig 
out and working dry ; the interior, when a sufficient depth has been reached, bring 
filled solid with concrete or brickwork. Some other examples of bridges are noticed 
in this work. ^ , , . . . , , ^ 

Banwa Boabd, otberw^ called Notice Board. A board into which the ends of the 
steps of wooden stairafk *6 fastened. 

Bridob-oveb^ a term used when several parallel tombers occur, and another piwe is 
fixed transversely over them ; such piece is then said to the parallel pieces. 

Thus in framed roofing, the common rafters bridge-over the purlins ; so, in framed 
fioorilfe» the upper joists, to which the flooring is fixed, bridge-over the beams or binding- 
joists, and for this reason they are called 
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Bridgb Stonil a stone laid from the paT6meiit to the entrance door of a house over a 
sunk area and supported by an arch. 

Bridqhd Offtbu. One made with boards aupported by bearers and cdvered above with 
lead or zinc. 

Buidoino or Bamama PiBOsa, also called Stbuttino or StRAmwo Fiecbs. Pieces 
placed between two opposite warns to prevent their nearer approach, as rafters, braces, 
struts, &c. When a strut ting-piece also serves as a sill, it is called a straining siXL 

Bridoinu Floors* Those in which bridging-joists are employed. 

Briuoino Joists. Those which are sustained by transverse beams below, called binding 
joists ; also those joists Ivhich are nailed or fixed to the fiooring-boards. 

Bridoinq to Floors. In some parts of England and in Ireland this term is applied to 
what is usually called Herriko-bonb Strutting, or Herring-boning between the joists 
of a floor. 

Brinoino-Forward. Priming and painting new work mixed with old, so that the whole 
shall have the same appearance when finished. 

Bbingino-Up or Carryino-Up. A term used by workmen to denote building-up. Thus 
hringing-up a wall four feet means building it up. 

Broach. An old English term for a spire, and still so employed. Sometimes it is used 
to designate a spire rising from tlie tower without any parapet, as in the Early English 
period.^ 

Bhoaciikd Work. See Dkovkd and Broached. 

Broad Stoke. The same as Freb Stonb. 

Brokhn-joint Flooring. The same as floor-boar Is laid folding. See Floor. 

Bronteum. (Or.) In ancient Greek Architecture, that part of the theatre uuder the 
floor in which brazen vessels with stones in them were placed to imitate the sound of 
thunder. 

Bronzb. a compound metal applied to various useful and ornamental purooses. The 
composition consists of 6 to 12 parts of tin and 100 parts of copper. This alloy is 
lieavier and more tenacious than copper; it is also much more fusible, and less liable 
to be altered by exposure to the air. 

Budget. A small pocket used by tilers for holding the nails in lathing for tiling. 

Buffht. (Fr.) A cabinet or cupboard for plate, glass, or china. Some years back it 
v^as the practice to make these small recesses very ornamental, in the form of niches, 
and left open in the front to display the contents. At present, wiien used, they are 
generally closed with a 

Buhl Work. Formerly called Boiile work from the name of its inventor. It consists 
of one or more metals inlaid upon a ground of tortoise shell, alone or with coloured 
woods, or of these last-named matorials inlaid upon grounds of metal. The process is 
ns follows :|i^Two pieces of veneer are placed together, with paper between them, each 
being gluea to the paper. Upon the surface of the upper one is placed the drawing of 
the pattern to be cut, i\Ad then the outlines of it are cut through by means of a very 
fine watch-spring saw. The parts are then sepamted, that which is taken from the 
darker wood is let into the lighter w'ood and vice versd. See Rkignikr Work. 

Builder. A person who contracts for performing the whole of the different artificers* 
works in a building. 

BuitDiNO. Used as a substantive is the mass of materials shaped into an edifice. As a 
participle, it is the constructing and raising an edifice suited to the purposes for which it 
16 erected ; the knowledge requisite for the design and construction of buildings being 
the subject of this work, in which it is treats under its various heads. A “ new 
building*’ is the re-erectiug of any building pulled down to or below the ground floor, 
or of any frame building of which only the framework is left down to the ground floor, 
or the conv'ersion into a dwelling house of any building not originally constructed for 
human habitation, or the conversion into more than one dwelling house of a building 
originally constructed as one dwelling house only. Public Health 1876. 

BniuiiNO Act. An Act passed for regulating the construe ion and Ilk of buildings in 
any town or city. 

Building of Beams. The same as Scarfing. A ** bnilt-boam ” is a h^am or girder 
formed of several pieces of timber fitted and bolted or strapped together, in order to 
obtain one of a greater strength than usually obtainable in one balk of timber. 

Bulkxb. a term used in Lincolnshire to signify a beam or rafter. 

Butxbn Hails. Such as have round heads with short shanks turned and lacquered. 
They are principally user! in the hangings of rooms. 

Bull’s Etb. Any small circular aperture for the admission of light or air. The name 
is also applied to the knob in a pane of common glass, left in its manufacture, which 
was fonnerly used for cheapness, and lately as a sort of ornament or for the salm of 
obscurity. 

Bull’s Nosx. The external or other angle of a polygon, or of any two lines meeting at 
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l^itixocK SuEDS. Houses or sheds for feeding buliocksy in which the main j^dints to bi 
obserred are good ventilation, facility in feeding and cleaning the animals, perfect 
diainage, and a good aspect. They ought not to less than nineteen feet wide. 

Bukd. a Persian term for a dum or dyke. 

Bundle Pillar. In Gothic architecture, a column consisting of a number of small 
pillars round its circumference. 

Bungalow. The Hindoo name for a thatched house ; or generally for a house. 

Butmbnt. The same as Abutment, which see. 

Butment Cheeks. The two solid tides of a mortise. The thickness of each cheek is 
usually equal to the thickness of the mortise, but it happens that circumstances arise 
to vary this thickness. 

Butt-knd of a kecb of Timber. That which was nearest the root of a tree. 

Buttert. a store-room for provisions ; it should be on the north side of a building. 

Butt-hinges or Butts. Those employed in the hanging of doors, shutters, casements, 
&c. They are placed on the edges with the knuckle projecting on the side in which 
the closure is to open, and the other edges stopping against a small piece of wood left 
in the thickness of the closure so as to keep the orris entire. Workmen generally sink 
the thickness of the hinges flush with the surface of the edge of the closure, and the 
tail part one-half into the Stop hutt-hinges permit the closure to open only to 

a right angle, without breaking the hinges ; rising hutUhinges, which are those that 
turn upon a screw, cause the door to rise as it opens, so as to clear the carpet in the 
apartment; slip off butt-hinges Me used where a door or window-blind is required to 
be taken off occasionally. 

Butting Joint. That formed by the surfaces of two pieces of wood, whereof one is per- 
pendicular to the fibres, and the other in their direction, or making an oblique angle 
with them, as. for example, the joints made by the struts and braces with the truss 
posts. 

Button. A small piece of wood or metal, made to turn about a centre, for fastening a ' 
door, drawer, or any other kind of closure. The centre is generally formed by a screw. 

Buttress. (Fr. Aboutir, to lie out.) A mass of brickwork or masonry to support the 
side of a wall of great lieight, or pressed on the opposite side by a bank of earth or 
body of water. Buttresses are employed against the piers of Gothic buildings to resist 
the thrust of the vaulting. See Arc Boutant, op flying buttress. The buttress called 
the pillared buttress is formed by vertical planes attached to the walls themselves. 
These sometimes form the upright terminations of flying buttresses. 

Byzantine. The style of architecture and art established under the Eastern division of 
the Roman Empire. It contains more of the Greek element than Romanesque Art, 
which was developed in the Western division. 
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Cabin. (Brit. Chabin.) A term applied to the huts and cottages of poor people and lo 
those of persons in a savage state of life. 

Cabinet. (Fr.) A retired room in an edifice set apart for writing, study, or the preser- 
vation of anything curious or valuable. The term is also applied to an apartment at 
the end of a gallery in which pictures are hung, or small pieces of sculpture, medals, 
bronzes, and other curiosities are arranged. 

Cable Moulding. A convex circular moulding used in Norman Architecture, as in fig. 1373. 

Cabling. A moulding of a convex circular section, rising from the back or con- 
cave surface of a flute of a column, so that its most 
prominent part may be in the same continued 
circular surface as the fillet on each side of the 
flute. Thus Uie surface of a flute is that of a 
concave cylinder, and that of the cable is the 
surface of a convex cylinder, with the axes of the 
cylinders parallel to each other. The cable seems 
to represent a rope or staff laid in the flute, at the 
lower part of which it is placed about one third 

^ of the way up. Cabling of flutes wsm not frequently u^ in the works of antiquity 
the arch of Constantin A Jie cables rise to about one third of the height of the shaJ 
modern times an occasional abuse has been praetisedof cabling without fluting, as in the 
^hutth della Sapienia at Rome. 

Cimi. A term in British antiquity, which> like the Saxon term Chesier^ denotes a castle, 
and is generally prefixed to the names of places fortified by the Romans. 

CaOb. In carpentry, is an outer work of timber surrounding another. Thus the cage of 
/a stair k the woom inclosure that encircles it 
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Oaibic. a pyramidal pile of atones heaped np by the ancient races, for monumeutul or 
memorial purposes. > 

f Caisson. (Fr.) A lai^ and strong chest of timber, water-tight, used in large and rapid 
rirers for building tne pier of a bridge. The bdttom consists of a grating x)f timber, 
contrived in such a manner that the sides, when necessary, may be detached from it. 
The ground under the intended pier is first levelled by divers, or other means, or piles 
driven in whereon the caisson may lodge ; the caisson is then launched and floated into 
its proper position, and the pier built therein ; it sinks, and the work is continued us high 
as the level of the water, or nearly so. The sides are then detached. The objection to 
the system is tliat a perfectly level bed cannot be obtained, and tho caisson rests on 
limit^ portions; increased weight and time m^ no doubt produce a more even bearing, 
but settlement 'is involved to some extent. Old Westminster and old Blackfriars 
Bridges were so constructed. The tonunge of each of the caissons used at Westmin- 
ster Bridge was equal to that of a forty -gun ship. 

Caisson. A sunken panel in ceilings, vaults, and cupolas. See Coffer. 

Calcareous Earth. A species of earth which becomes friable by burning, and is after- 
wards reduced to an impalpable powder by mixing it with water. It also ejBfervesces 
with acids. It is frequently met with in a friable or compact state in the form of 
chalk. 

Caluarium. (Lat.) In ancient architecture a close vaulted room, in which persons were 
brought into a state of profuse perspiration, by hot water or heated air. It was one of 
the apartments attached to ancient ikths. 

Oalfpen. a place for nourishing calves. It is generally a small apartment within the 
cowhouse ; but the practice is not to be recommended, as it keeps the cow in a restless 
and agitated state, and prevents her from feeding well and giving that quantity of 
milk she would otherwise furnish. 

Caliber. (Spanish.) The greatest extent or diameter of a round body. 

Caliber Compasses. Those made with bent legs for taking the diameter of a convex or 
concave body in any part. See Mould. 

Caliducts. (Lat.) Pipes or channels disposed along the walls of houses and apartments. 
They were used by the ancients to convey heat to the remote parts of ihe house from 
one common furnace. 

Caliper. See Caliber. 

Calotth (Fr.) A concavity in tlie form of a cup or niche, lathed and plastered, serving 
to diminish the height of a chapel, alcove, or cabinet, which otherwise would appear too 
high for the breadth. 

('amarosis. (Gr.) An elevation terminated with an arched or vaulted head. 
j Camber. (Gr.) Au arch on the top of an aperture or on the top of a beam. Hence 
camber windows. 

Camber Beam. That which forms a curved lino on each side from the^middle of its 
length. All beams should, to some degree, if possible, be cambered; but the cambered 
bem is used in flats and church platforms, wber-'in, after being covered w^th boards, 
these are covered with lead, for the purpose of discharging the raia- water. ‘ 

Cambrathd. (Gv*) The same as arched. 

Cambs. 'Small slender rods of cast lead in glazing, twelve or fourteen inches long, of 
which when drawn separately through a species of vice, forming a groove op oach side 
of the lead, the glaziers make the patterns for receiving the glass of casement!^ and for 
stained glaes windows. 

Camp Ceiling. A ceiling whose form is convex inwaMly. 

Campanile. (It.) A tower for the reception of bells, usually, in Italy, separated from 
the church. Many of the campaniles of Italy are lofty and magnificent structures** 
That at Cremona is much celebrated, being 296 feet high. It consists of a square 
towel) rieiiig 262 feet^ surmounted by two octHgonal open stories, ornamentea with 
columnti conical shaft and cross terminate the elevation. The campanile of Florence, 
from the designs of Giotto, claims admiration for its richness aod workmanship. It is 
267 feet high, and 46 feet square. The most remarkable of the campaniles in the 
country mentioned is that at Pisa, commonly called the “ Leaning Tower.” Xt is 
cylindneal in general form, and surrounded bv eight stories of columns^ placed ore^ one 
another, each having its entablature. The height is about 160 feet to the platform, 
whence a plumb line lowered falls on the leaning side nearly 13 feet beyond the base of 
the building. 

Camp-s^ssting or Camp-shot. The sill or cap of a wharfvall. 

Canal. (It. Canale.) A duct for the conveyance of a fluid ; tbuu the canal of ah aqueduct 
is the part through which the water flows. ^ ^ 

Canal. A term sometimes used for the flutings df a column or pilaster. The <if 
thevoliUei% the . spiral channel, or sinking tm its face, commenciopf at the and 
following in the rerolutions of the vClute. The canal eftha larmier t» the 
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groove guuk on ita soffite to throw off the rain, and pfrovent running down the 

bed mould of the cornice. " 

Cahcbli I. ^Lat.) Latticed windows, m those made with cfoSIrbars of wood or iron. 
The balniiters or rails which dose nitbe bar of a court of justice^ and those round the 
altar of a church, are also so called ; hence the wQr4 chancAl. 

OAKOHEABBtTM. (Lst. Oandola.) A stand or support on which the ancients placed a 
lamp. Candelabra varied in fbrm, and were higolj decorated with the stems and leaves 
of plants, parte animals, flowers, and the like. The etymology of the word would 
seem to assimilate the candelabrum to our candlestick; it is, however, certain the 
word candda was but a lamp, of which the candelabrum Was the support. Is the works 
of Piranesi some of the flnest specimens are to be found. The most cnrioi^, however, 
as respects form, use, and workmanship, are those excavated at Herculaneum and ^ 
Pompeii. They are all of bronze, slender in their proportions, and perfectly portable as 
they rarely in height exceed fire feet. On none of the candelabra hitherto found is 
there any appearance of a socket or pipe at top, from which an inferencews to tbe use 
of candles could be made. 

Ganvpuorjb. (Qr. Kainj<popos, bearing a basket.) Figures of young persons, of either sex, 
bearing on their heads baskets containing materials for sacrifice. They are frequently 
confounded with caryatides, from their resemblance in point of attitude and the modern 
abuse of their application. 

Canopy. (Ot. Katwiretoy,) An ornamented covering over a seat of state; and in its 
extended signification any covering which affords protection from above. It is also the 
label or projecting roof that surrounds the arches and heads of Gothic niches. 

Cant. An ei^mal angle or c^uoin of a buSlding. Among carpenters it is used as a verb, 
to signify the turning of a piece of timber which has been brought in the wrong way 
for their work. 

Cant Mottldino. One with one or more bevelled, instead of curved, surfaces. The cant 
moulding was used at an early period of the art. 

Cantaluvbb or Cantiujvbr. (Probably from Canterii labrum, lip of the rafter.) Blocks 

inserted into the wall of a building for supporting a balcony, the upper members of a 
cornice, or the eaves of a house, and the like. They answer the same pu^se as mo- 
dillions, mutules, blocks, brackets, &c., although not so regularly applied. They are, in 
modem use, not unfrequently made of timber or cast iron, and project considerably, ns to 
the roof of the chui’ch of St. Paul, Oovent Garden, which projects one quarter of the 
height of the column. 

Canted Column. One whose horizontal sections are polygons. In the works of the 
ancients it is rarefy met with. The examples imm^iately occurring to us are the 
columns of the portico of Philip of Macedon and of the temple at Cora. 

Oantharus. K fountain or basin of water in the centre of the atrium before the ancient 
churches, wherein persons washed their faces and hands before they entered. Among 
the Eomans the cantharus of a fountain was the part out of which tne water issued, 

Cantubbs At Cantbril In ancient carpentry the common rafters of a roof, whose ^nds, 
say some, the mutules of the Doric order represent. 

Qantino. The cutting away of a part of an angular body at one of its angles, so that its 
horux>vtal section becomes thereby the portion of a polygon of a greater number of sides 
whoi^ ed^s are parallel from the intersection of the adjoining planes. 

OanTo-wB) Building. One whose angles are decorated with columns, pilasters, rustic 
quhhis, or anything projecting bSyond the naked of the wail. 

Canvass. The names and sizes of the usual canvasses prepared for the use of painters 
(the width of the frame is a matter of taste) are as follows : — 


Head f izB 

Three quarters do. . 
Kit-cat do. 

Small half-length do. 


• 24 by 20 inches 
. 80 by 26 „ 

86 by 28 „ 

, 44 by 34 „ 


Half-length size 
Bishop’s half-length do. 
Whole length do. . 
Bishop’s whole length d< 


. 50 by 40 inches 
. 44 ,. 

. 9ihf0& „ 

). 106 bjK70 „ 


A term used in joinery, signifying the nppemoat of an Assemblage of parts, li is 
" AMO applied to the capital of a column, the cornice of a door, the capping or uppermost 
^ member of the suxbase of a room, the handrail of a staircase, &c. 

Capital. (Lat. Caput.) Tlw head ot uppermost member of a^ part of a building ; but 
genially appliea in a rest^ ^d sense to that of a column. The capital of the pilaster 
or Hfita of the Greeks was very different to that of the columns in front of it. The ao^ 
comufuiying illustratlpite exhibit the sort of caps used in medisevnl architecture. 

1874 ts Norman; and 137B Earfy English ,Mand/; 5 ^. 1377 Late Decorated. 

CapTfal, angular. The modem Ionic capital, whose four sides are all alike, showing the 
viflnte placed at an angle of 136® on all the facef, 

CAtiTAT, OF A ^ALtBTEB. ^ The crowniii| car head mouldings of it 




Fig. 1376. North Doorway, Westminster. Pig. 1877. York Minster, 


Capital of a Tbislyph. The square band which projects over it. In the Roman J)ox‘»c 
it has a greater projection than in the Grecian, 

Capitol. The Acropolis of ancient Rome. 

Capkboli. (Lat.) In ancient carpentry, the jointa or brucefe of a trussed roof. 

Oaracol. a term sometimes applied to a staircase in the form of a Jielix or spiral. 
Caeavansekai. Among the Eastern nations a large public building or inn Rpppopriatod 
to the reception and lodgment of travellers by caravans in the desert. Though the cara- 
vanserai serves the purpose of an inn, there is this essential difference between the two, 
that in the former the traveller finds nothing either for the use of himself or his cuttle, 
but must carry all his provisions and necessjiries with him. Caravanserais are also nu- 
merous in cities, where tliey servo, not only as inns, but as shops, warehouses, and even 
exchanges. , 

Carbolic Acid. This fluid has lately been obtained from creosote by distillation. Rv the 
use of a solutiofi Dougall's pitent prepared carbolic acid, sewage is renderea im- 

putrescible, all smell being removed, and no lurthor decomposition possible. A solution 
of it (about a pint t6 a cartload) has lately been mixed with the water sprinkled on 
- roads by watering carts, by which a disinfeciing action takes place on the droppings 
of horses, decomposing dust, &c. The powder may be used in dust-bins, water-closets, 
in whitewashing the walls of hospitals, &c. Eormed into a soap, it can be employed in 
washing painted work and floors, or linen. Mixed careftilly with oil of vitriol, sulphur- 
ous acid gas is liberated for fumigating an apartment. It is not poisonous. 

Carcass. The naked building of a house before it is lathed and plastered or the floor 
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Carfuktbr’s Squabb. An instrumoot whose stock and blade consists of an iron plate of 
one piece. One leg is eighteen inches long, and numbered on the ototer <dge from the 
exterior angle with the lower p irt of the figures adjacent to the interior edge. The 
other leg is twelve inches lontr, and numbered from the extremity .towards the angle ; 
the figures being road from the internal angle, as on the oUier side. Each of the legs 
is about an incli broad. This instrument is not only used as a sqnjii^but also as a 
level and measuring rule. 

Cabpkntry. (Lat. Carpentum, carved wood.) An assemblage of pieces of timber con- 
nected by framing, or letting them into each other, as are the pieces of a roof, floor, 
centre. &c. It is distinguished from joinery by being put together, without tlie use of 
any other edge tools than the axe, adze, saw, and chisel, whereas joinery requires the use 
of the plane. The leading points that require attention in sound carpentry are, — 
1. the quality of the timber used; 2. the disposition of the pitces of timber, so that 
each may be in such direction, with reference to the fibres of the wood, as to be most 
capable of performing its office properly ; 3. the forms and dimensions of the pieces ; 
4. the manner of framing the pieces into each otlu r, or otborwiso uniLirig them by means 
of iron, or other metil. 

Carrara Marble The name of a species of white marble obtained at the quarries near 
the town Imaring that name, in the Tuscan States Jt was called warmor lunenBc and 
ligustnim by the ancients, and differs from the Parian marble by being harder in tex- 
ture. and less bright in colour. 

Carri vgk. The timber framework on uhich the steps of a wooden staircase are supported. 

Carr UP. See Bring up. 

^ Cartouch. (Fr.) A name given to the molillion of a cornice used internally. 
""I It is also used to denote a scroll of paper, usually in the form of a tablet, for 

j the reception of an inscription. In Egyptian architecture, it is applied to the 

~ 1 form enclosing hieroglyphs, as in the annexed cut. 

Carver. An artificer who cuts wood into various forms and devices. Carving, generally, 
is the art of cutting a body by recession, in order to pro luce the ro presentation of an 
object, either in relief, or recessed within the general surface. In this sense it equally 
applies to the making of intaglios as to that of making cameos. 

Caryatides. Figures of females used instead of 
columns for the support of an entablature. They 
were used at the temple of Erechthous, at Athens, 
ns shown in the illustration,^^. 1378. See Cane- 

Case. The outside covering of anything, or that in ?! 

which it may be enclosed. It is also a term used to R 

denote the carcass of a house. 1^ MEHtlMllOl 

Cask Bays. The joists framed between a pair of , KM 

girders in naked flooring. When the flooring juists Bf jC\ B 

are framed with one of their ends let into a girder, wllv Im U 

and the opposite ends let into a w all, they are called llHf B lil LMiIIiLm 

tad bays. The extent of the case-bays should not j ■QSS9 bSSB>SSS9 

Case of a Door. The wooden frame in which a door _ j ^ t 

Case of a Stair. The wall surrounding a staircase. U" 

Cased. A term signifying that the outside cf a building 

is faced or covered with materials of a better quality. j 3 yg^ 

Thus, a brick wall is said to be cased with stone, 

or with a brick superior in quality to that used in the inner part of the wall. 

Cased Sash Frames. Those which have their interior vertical sides hollow, to admit the 
weights which balance the sashes hung between them. . 

tjASH-HARDENiNO. Tho proccss W which the surfaces of soft iron are converte^hto a 
species of imperfect steel, iwMciently hard to resist tho nctioD *of ati ormnaij^ 
HSgkinson has provetl the fallacy of the assertion that if the hard skin at ike ontMi 
of a wstlron bar bo removed, its strength comparatively with it» dimenSionawill he 
much reduced. Bars planed down on all sides to an inch square, bore a breaking^eight 
quite equal to those of baif^sf^xactly an inch square, 

CASEkxra. A hollow mouldi%. si«b as the catM/lfo, , ^ ^ 

Casement. A glased frame or sash, opening on hinges affixed to the vertical sides of ths 
frame into which it is fitted. 

CUsiNO. SesLiNiNa. ’ , , ^ , . , % 

Casino (It.) A term applied to a small country honse, and to a smrt of lodge in k^rk ; but 
formerly to one capable of affordii^ dafenee on a small scale fguinst an attrt«k»neioifej. 

ftAOMNom. An alliptiocttrte whereui tka IrtWttct of luij^twolines, draw;i from tlflfoei 


1 tka H^i^Muct 

4t2 
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10 a point in the curve, shall be equal to the rectangle under the semi-transverse and 
semi -conjugate diameters. 

Castklla. In ancient Roman architecture, reservoirs in which the waters of an aque- 
duct were collected, and whence the water was conducted through leaden pipes to the 
several parts of a city. 

Castbixatbd House. One with battlements and turrets, in imitation of an ancient 
castle. 

Casting. In carpentry and joinery, a term synonymous with warping. It means the 
bending of the surfaces of a piece of wood from their original state, caused either by the 
gravity of the material, by its being subjected to unequal temperature, to moisture, or 
to the want of uniform texture of the material. 

Cast Iron. It is the product of the process of smelting iron ores. Different sorts of pig 
iron are produced from the same ore in the same furnace under different circumsU> nces 
as to temperature and quantities of fuel. Intense cold makes cast iron brittle, ana sud- 
den changes of temperature sometimes cause large pieces of it to split. The prtX)f 
strength is about one third of the breaking load. 

Castle. (Lat. Oastellum, qf fiax. Captel.) A building fortified for military defence ; also 
a house with towers, usually enconjpa&sed with walls and moats, and having a donjon 
or keep in the centre. The principal castles of England at present are those of the Tower 
of London, of Dover, Windsor, Norwich, &c. At one time those of Harwood, Spofforth, 
Kenilworth, Warwick, Arundel, and others, might have vied with these in importance. 
The characteristics of a castle are its valla (embankments) and fosses (ditches) ; from the 
former whereof the walls rise usually crowned with battlements, and flanked by circular 
or polygonal bastions at the angles formed by the walls. These were pierced for gates, 
with fixed or draw- bridges, and towers on each side. The gates of considerable strength 
were further guarded by diieending gratings, c&lled portcullises. All the apertures were 
made as small as they could bo, consistent with internal lighting. 

The component parts of the castle were — the fosse or moat, with its bridge ; the bar^ 
hacan, which was in advance of the castle, being a raised mound or tower, whose outer 
walls had terraces towards the castle, with their bastions, as above mentioned ; the ffate- 
A^^^flanked by towers, and crowned with projections called machicolations, through 
iM^Beavy materials, or molten lead, were dropped on the assailants entering the gate- 
way^^fcfe outer hallium, or bailey, or aroci within the castle, which was separated from 
the inner balHum by an embattled wall with a gatehouse, and in which the s^los and 
other offices were usually seated ; and the inner ballium, for the residence of in# uwner 
or governor, and his retinue ; this, at one corner, or in the centre, had a donjon or keep tower, 
which was the stronghold of the place, and contained a state apartment, a well, and a 
chapel ; the former usually, and the latter frequently, are found in ancient castles, 

Catabasion. (Gr. Karafieuvai.) A place in the Greek church, under the altar, in which 
relics are deposited. X 

Catacomb. (Gr. Kara, against, and Kogffos, a hollow place.) A subterraneous place lor' 
burying the deud. The hypogsea, ciypta, and cimeteria of the ancients were used for 
the same purpose. In some cities the excavations for catacombs were of vast extent, and 
were used for other purposes than those of sepulture ; at Syracuse, for instance, the same 
cavern served for a prison as Well as a public cemetery. It has been said, that in the 
early ages of Christianity they served as places of public worship or devotion. The 
most celebrated for their extent are those of Rome, Naples, Syracuse, &c. ; and the 
more modem ones of Paris, which have been formed by quarrying for the stone of which 
a great part of the ci^ has been built. 

Catafalco. (It. a scaffold.) A temporary structure of carpentry, decorated with paint- 
ing and sculpture, representing a tomb or cenotaph, and used in funefal ceremonies. 
That used at the final interment of Michel Angelo, at Florence, was of a very magnifi- 
cent description; and, for the art employed on it, perhaps unequalled by any othei; 
before or since its employment. 

Catch Drain, A drain used on the side of a laiger open one, or of a canal, to receive tlie 
surplus water of the principal conduit. 

Oatenary Curve. The mechanical curve formed by a heavy flexible cord or chain of 
uniform density, hanging freely Arom the two extremities. Galileo first noticed it, and 
proposed it as the proper figure for an arch of equilibrium. He, however, imapn<jd that 
It was the same as the paral^la. It was James Bernouilli who first investigated its nature, 
and its properties were thereafter pointed out by John Bernouilli, Huygens, and Leib- 
nits. From the first of these mathematicians, the following geometrical method of de- 
termining the relations between the parts of a catenary is translated. The catenarean 
curve is of two kinds, the common, which is formed by a chain equally thick or equally 
heavy in all its points ; or uncommon, which is formed by a thread tmequaUy thie^ that 
Is, which in all its points is unequally heavy, and in some ratio of the c^inates of a 
given curve. To draw the common catenary mechanically, suspend on a vertical plans 
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9. chain of similar and equal links of homogeneous matters, ns flexible ns pt^sible, from 
any two points not in a perpendicular line, nor so distant from each other as the length 

of -the chain. Prick the plane through the links -r n _ -d 

as nearly as possible in the middle of the chain, / 

and through the points draw the catenary \ ^ 

{fy. 1379.) Lot the chord FBD or Fbd be \ \ 

given, and the abscissa BA or A A intersecting it \ \ 

{Jiff. 1 379 ) in B or A at a given angle. Draw t he 

vertical line BA and B'BD or at the given 

angle on the plane. Fix one end of the chain " ^ /fs , 

at F, and from the point D or rf, with another // ^ 

part of the chain, raise or lower the chain until ® 

the lower part coincides witli A, and through ^ 

po nts, maae as before, draw the curve. rv 

To draw a tangent to the catenary : let DBF pj 

be a horizontal lino, and at right angles to BA 

from A draw AE equal to the curve DA, obtained ns before, and draw BR, which bisect 
' in o. At right angles to BR draw oC intersecting BA continued in C. Draw QR, and 
make the angle BDT equal to the angle ACR. DT is the tangent required, and BC 
equals OR; OA is the tension at the point A, or the horizontal draft, which, in a cate- 
nary, is in every point the same, and is therefore a constant quantity ; as DB : BT : : 
CA: AR: or as DB : BT : : the constant quantity CA: AR, equal to the length of the 
chain AD. 

. If CH be drawn through G at right angles to BC it is called the directrix, and DII 
drawn parallel to BO, intersecting the directrix at H, is the tension at the point D, 
being always equal to the sum of the abscissa and constant quantity. With the centre 
C aud radius = the tension DH nt D = CB, cut the tangent at the vertex A in R, then 
AR is the length of the cliain AD. 

AC is the semi-axis of au equilateral hyperbola, and also the radius of curvature of a 
circle equicurved with it and the catenary. 

In the triangle OAR, when CA is the radius, then the tension equals OR, the secant 
of the angle ACR ( = BDC). The chain AD equals AR, the tangent of the same angle 
and the absciss AB equals CR— CA "=SR. Hence, ACR being a right-angled triangle, 
it is manifest that when two of the five quantities, viz. the anfflcy the absciss^ the length 
of the chain betmeen the vertex and points of suspinsion^ the constant quantity or tension 
' at the vertex, and the tension at the points (f suspe^isUm, are known, the other three 
may be obtained geometrically, or from a table of tangents and secants. 

Cathudral. (Or. Ko^tJpa, a seat or throne.) The 

' principal cliurch of a province or diocese, wherein 
the throne of archbishop or bishop is placed. It 
' was originally applied to the seats in which the 
• bishop and presbyters sat in their jxssemblies. 

. In after times, the bishop’s throne was, however, 
placed in the centre of the apsis, on each siile 
' whereof were inferior seats for the presbyters. 

. In the present day the bishop’s throne is placed 
on one side of the choir, usually on that towards 
the south. 

<Cathrrinb Whekl Window also called Maeigold 
Window. In medieeval buildings a window or 
compartment of a window of a circular form 
with radiating divisions or spokes. Examples 
are seen at Patrixbourne, York, St. Davids, of a I 

small size; while at Westminster (Jiff. 1380) Mg. 1880. Westminitor Abto. 
south transepts of St. Ouen at Rouen, and of 

Amiems cathedral, and at the cathedral of Strasbourg, they are of larger slie* See Rosk 
Window. 

XUATHirrus. (Gr. KaO^roj, let down.) A perpendiculw line passing through the centre of 
a cylindrical body as a baluster or a column. It is also a line filing perpendicularly, 
and passing through the centre or vfe of the volute of the Ionic capitaL 
Cattlib Shrd, or Cattlb Hoijsb. In agricultural buildings, an erection for containing 
cattle while feeding, or otherwise. The cattle shed is, of course, most economically con- 
structed when built against walls or other buildings. If cattle sheds are built in iso- 
lated situations, the expense of a doable shed will be much less tlian that of a single 
one, to contain the same number of cattle. Buildings of this description should be well 
ventilated, and be so constructed os to require the l^st possible lalniur in supplying the 
' food, and clearing away the dung. The stalls should be placed so as to keep thb cattle 
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and clean, the 8cor level and with eufficieot drains to receive the ordure, and* to be 
readily dushed. There should be good provision of air holes in the roof; and, if the 
ouildiog have gables, a window should be placed in each as high as possible with 
movabre lujfer-boards, Which may be easily opened and shut, A cubical space is 
required of not less than 1000 feet for each animal, whether there are inhabited rooms 
o\*er the shed or not. The cuttle plague first broke out in the central districts of 
London, where the space allotted did not exceed 460 cubic feet. Many of the model 
farms and stockbreeders now use iron cow-stalls, to assist in preventing the spread of 
rinderpest. A bullock averages 7 feet 6 inches in length, 6 feet in height, and 
2 feet 6 inches in width. The stall shonld be 6 feet wide for each milch cow, or 6 feet 
if kept indoors all the year, the building Leing 16 feet wide; the top of tlw mangrr 
not more than from 12 to 18 inches above the floor, 18 inches broad, and 12 inches deep, 
with three divisions, for moist and dry food and water. See Bullock Sh»o. 

The infectious effluvia from the private slaughter-houses often causing contagious 
maladies in their neighbourhood, the French government in 1811 removed all such 
buildings from the heart of their capital. For this purpose five open airy spots wore 
selected in the outskirts of the city ; those at Meiiilmontant and Montmartre are the 
most considerable and extensive. These five establishments wore later merge 1 into 
one large abattoir. Huppe was the architect of the former; ani the cost was some- 
thing above 120,000/. 

The Metropolitan Cattla Market was designed by the late Mr. J. B. Bunning, City 
Architect, and opened in 1855. Several additions have since bten made by the late 
Sir Horace Jones, City Architect. A market and nlaittoir was designed 1870-71, at 
Deptford, by the same architect, for the City of London, uhere foreign cattle are lauded, 
inspected, sold, and slaughtered. The cost of the market, including 95,000/. paid for 
the site of 22 acres, was 210.000/. 

Of late years several such buildings have been erected, as at Glasgow, Edinburgh, 
and Bradford; and a carcase market with buU-hers’ slaughter-houses a^’oining, at 
Mjmchester. A description of this building, erected from the designs of Mr. A Darby- 
shire, was read by him at the Eoyal Institute of British Architects, Feb. 1, 1876; and 
as it is considered a well- arranged structure for its purposes, a few details will be given. 
It is in the shape of the letter L. lu the long side fronting Water Street are the 
entrjinces, and the carcase market, 418 feet long and 65 fiet 6 inelies wide, t aved with 
asphnlte. Behind this are the wholesale slaughter-houses, twenty-one in number, each 
being 24 feet by 17 feet 6 incUfs inside, with a lair attached in rear, 22 feet by 17 feet 
6 inches. Both of these are open to the roof, but entirely separated, and the former 
well lightel by rows of glass slates, which light is superior to side M'indows for the 
several operations necessary. The former has a glazed enamelled brick dado, 5 feet 
high, and a plentiful supply of water. They are paved wiih Yorkshire stone. In rear 
of part of the above are placed nineteen retail s' aught pjvhouse.s similar to the above. 
In rear of these latter is the condemned meat department, consisting of a lair, slaughter- 
house, meat store, and boiling-house. The blood department consHjj .pf a storing- 
room, drawing-off room, and diying-room. The pig slaughttring depax9||lt is adjacent, 
and contains a large pig slaughter-house, open yard, and pineries. two lodges 
atthe gates (through which all cattle mu^t enter the abattoir) contain residences for 
^ ^ the porter and the inspector, with rooms for the convenience of the markets committee. 
The site also contains a large general lair for cattle, a manure pit, and a common room for 
* drovers and others ; suitable conveniences at various points ; and a stable and gig-house 
for the inspector. The total cost was somewhat over 30,000/. Space preven'sus from 
following the author through his explanation in detail of the uses io‘which the various 
buildings are applied, but one very important feature remains to be noticed. A simple 
and effectual apparatus has been provided by the engineer, Mr. John Meiklejohn, < f 
^ Dalkeith, by which the carcase when rea/ly is placed on a hoist, and moved along rails 
across the roadway into the market, or placed into the carts ; this apparatus also alloas 
the seller to de^ch any particular carcase from the others, and deposit it in the cart 
of the buyer, without in any way disturbing the other carcases hanging on the beams. 
A considerable amount of manual labour is saved ; and, in addition, the meat intended 
for human tbod receives as little handling os possible after being dresued, and is m* 
transferred at any time to the dirty and greasy backs and shoulders of the slaughterers. 
The private slaughter-houses have the same hoisting apparatus, but the carcase is placed 
at. once in carts and removed to the butcheFs shop. At the Edinburgh abattoir a- 
ceutral crane and semicircular hanging beam is in operation ; while at Bradfbrd an 
hydraulic lifting power is in use. 

A veiw interesting discussion followed the rending of the p per, in refefouce to 
private sUnghter-houses ; the best mode of lighting; the paving ; the hse of a tripery 
at the abattoir; blood stores ; a place for salting hides ; and iSimr appatatUMS- An 
important fact was stated, tending to the greater inti^uetion of kUling aniamls la 
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the country and sending the carcases up to the *Mead meiit*''inarhet8 in cities and 
towns :~that it has been proved that if an animal be slaughtered in Edinbu^, near 
where it was fed, and another be taken from the same herd and sent as carefully as 
possible to London by railway, and slaughtered there, the latter loses at least three 
stones in weight as compared with the former, and this represents a sovereign. 

Cattus. a moveable shed usually fixed on wheels. 

Cato. An implement used hot in veneering to keep the glue moist, while at the samo 
time it presses down the veneer until it cools. , , 

Catokxil^ or Catoicoli, (Lat. Caulis, a stalk.) The eight lesser branchjlsoy stal^hs in 
the Corinthian capital springing out from the four greater or principal caules or stalks. 
The eight volutes of the capital of the order in question are sustained by four’caules 6r 
leaves, from which these caulicolse or leaser foliage arise. They have oeen somotimes 
confounded with the helices in the middle, and by others with the principal stalks 
whence they arise. 

Caulkinq or Cocking. The mode of fixing the tie-beams of a roof or the binding joints 
of a floor down to the wall-plates. Formerly this was performed by dovetailing in the 
following manner : — A small part of the depth of the beam at the end of the under side 
was cut in the form of a dovetail, and to receive it a corresponding notch was formed in 
the upper side of the wall -plate, across its breadth, making, of course, the wide 
part of t lie dovetail towards the exterior part of the wall, so that the beams, 
when laid in their notches, and the roof finished, would greatly tend to prevent the 
walls separating, though strain^ by inward pressure, or even if they should have a 
tendency to spread, through accidents or bad workmanship. But beams so fixed have 
been found liable to be drawn to a certain degree out of the notches in the wall-plates 
from the shrinking of the timber. A more secure mode is that of forming a sort of 
pin out of the upper side of the plate, with a notch in the beam, which obviates all 
hazaid of one being drawn out of the other. 

Caustic Cuevb. (Qr. Kaiw, to burn.) The name given to a curve, to which the m}s of \j 
light, reflected or refracted by another curve, are tangents. The curve is of two kiudsy 
tliQcaiacausiic and the dia''austk; the former being eftused by reflection, and the latter 
by refraction. 

CAvaaniuM’. (Lat.) In ancient arcliitecture an open quadrangle or court within a house. 
The cavaedia described by Vitruvius are of five species: — Tkiscanicuw^ Corinthium^ 
T'etrastylon (with four columns), (uncovered), and Testudinatum (vaulted). 

Some authors have made the cavaedium the same as the atrium and vestibulum, but 
they were essentially different. 

Cave. (Lat. Cuvum.) A hollow place. 

Cavul®. ^ (Lat.) In ancient architecture the subterranean cells in an amphitheatre, 
wherein the wild beasts were confined in readiness for the fights of the arena. In the 
end the amphitheatre itself (by synecdoche) was called cavea, in which sense it is em- 
ployed by Ammianus Marcel linus, lib. xxix. cap. i. 

Cavetto. ^ (^t. Cavus.) A hollowed moulding, whose profile is the quadrant of a circle. 

It is principally used in cornices. 

' Gkdar. (Gr. K€8^oy.) The pinus cedrus of Linnaeus, a forest tree little used in this 
country, except for cabinet work. ^ 

Ojulino. (Lat. Coelum.) The upper horizontal or curved surface of an apartment od- 
posite the floor, usually finished with plastered work. * 

Ceiling Joists. Small beams, which are either mortised into the sides of tlie binding ^ 
joists, or notched upon and nailed up to the under sides of those joists. The last mode 
diminishes the height of the room, but is more easily executed, and is by some thoug^i^ 
not so liable to break the plaster as when the ends of the ceiling-joists are inserted 
into pxdley mortises. 

Cell. (Lat. Celia.) In ancient architecture the part of a temple within the wallii.^^Tt 
was also called the moSy whence the word nave in a church. The part of a templ^ in 
front of the cell was called the prenaos, and that in the rear the posticum. See Vikana , 
of the Hindoos. It is also the chamber in which a prisoner is confined. 

CELX.AR. (Ft. Oellier.) The lower story of a building, wholly or partly under the level 
of the ground, and not adapted for habitation, but merely for lumber, storage purposes, 
coals, wine, and such like : end having openings into the outer air for ventilation 
only. Coal cellars the metropblis are arched vaults under the street paving. 

CiQLLULAB Beaus. Beams made of wrought iron plates, rivetted together, aqd wfidi((r 
strength depends upon the system of cells placed at the top of the web or or^ 
the cell, which takes the place of it in a larger beam or girder. In very large . . 
,6TieB, cells are also placed under it, ^ ^ 

Cittic Eebctions. The2hanner of building adopted by the early inhabitants of the 
Northern part of Europe, comprising chiefly the erection of large stones in a variety of 
forms, and of-tumuH in- which are found chisels and adses of bronae or hard slone^ 
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hence the name of odtB derived from edtek^ the ancient Latin word for a ^iseL They 
are ditfooTered in great quantities in England, Ireland, and France. 

OmoNT. (Lat. Cementum.) The medium through which etones, bricke, or any other 
materials are made to adhere to each other. See Hortab. 

Cbmbtbry. (Gr. Koija^, to slee^.) Au edifice or area where the dead ue interred. The 
most celebrated public cemeteries of Europe are those of Naples, that in the vicinity of 

‘ Bologna, of Pisa, and the more modem ones of Paris, whereof that of P^re-la-Ohaise 
is the principtvl. That of Pisa is particularly distinguished by the beauty of its form 
and architecture, which is of early Italian Gothic. It is 490 feet long, 170 feet wide, 
and 60 feet high, cloistered round the four sides. 

Cenotaph. (Gr. emp^, and Td^os, a sepulchre.) A monument erected to the 
memory of a person buried in another place. 

Cbntkrinq. The temporary woodwork or framing, whereon any vaulted work is con- 
structed, and sometimes called a centre. 

Centre. (Lat. Centrum.) In a general sense denotes a point equally remote from the ex- 
tremes of a line, superficies, or body, or it is the middle of a line or plane by which a 
figure or body is divided into two e^al parts ; or the middle point so dividing a line, 
plane, or solid, that some certain effects are equal on all its sides. For example, in a 
circle the centre is everywhere at equal distance from the circumference ; in a sphere 
the centre is a point at the same distance from every point in the surface. 

Centres of a Boob. The two pivots on which the door revolves. 

Centroxinead. An instrument for drawing lines converging to a point at any required 
distance, whether accessible or inaccessible. It is used for making drawings in per- 
spective. 

Cbeoma. (Gr.) An apartment in the Gymnasia and biths of the ancients, where the 
bathers and wrestlers were anointed with oil thickened by wax, as the name imports. 

^ Cesspool, or Sesspool. A small wril sunk below the mouth of a drain to receive the 
sediment which might otherwise choke up its passage, in its course to its outfall. 

A cesspool is also a well sunk to receive the soil from a water-closet, or kitchen 
sink, dram hole to a path, &c. It is sometimes built dry so that the water percolates 
through the joints of the stone or brickwork into the surrounding soil ; or it is built in 
mortar, and a drain formed to carry off the surplus water from near the top of it. When 
found to be full, the cesspool is emptied and the contents carted away, or used for 
garden manure, &c. 

Chain Mottlihno. An ornament of the Norman period, carved in imitation of a chain. 

Chain Timber. See Bond. 

Chair Kail. A piece of wood fastened to a wall, to jwevent the backs of the chairs in- 
juring the plastering when placed against it. This result is often better effected by 
fixing a fillet of sufficient projection on the floor, next the skirting, for the feet of the chair 
to strike against, similar to that frequently put to cover the nails securing the carpet. 

Chaitya Cave. The name given to a class pf rock-cut Buddhist temples in India, 
Chaitya meaning an object of worship, whether an image, a tree, an edifice, or mountain. 
They resemble in almost all particulars, both of form, size, and purpose, the choirs of 
Gothic churches of the eleventh or tw'elfth centuries: the dngoba occupying the place 
of the altar, and being like it, simply a relic shrine. They are seen at Karli, Ajunta, 
and other places. 

Chaloidicum. (Lat.) In ancient architecture, a term used by Vitruvius to denote a large 
building appropriated to the purpose of administering justice, but appliq^ sometimes to 
the tribunal itself. 

Chalx. (Germ. Kalk.) Earthy carbonate of lime, found in abundance in Great Britain, 
and, indeed, in most parts of we world. It is insoluble in water, but decomposed by 
heat, and sometimes used in building fbr the same purposes as limestone. 

Chambeb. (Fr. Chambre.) Properly a room vaulted or arched, but the word is now 
p^enerally used in a more restricted sense to signify an apartment appropriated to lodg- 
ing. With Uie French the word has a much more extensive meaning ; but with us the 
almost only use of it, beyond what is above slate^is as applied in a^lace to the room 
in which the sovereign receives the subject, which room is called the Presence Chamber. 

Chambbb of a Look. In canals the space between the gates in which the vessels rise 
and sink from one level to another, in order to pass the lock. 

Chaicbbr Story. That story of a house appropriated for bed-rooms. 

Obambbakle. (Fr.) An ornamental bordering on the sides and tops of doors, windows, 
and fireplaces. This ornament is generally taken from the arcnitraTe of the order 
of tl^ building. In window frames the sill is also ornamental, forming a fourth 
side. The top of a three-sided chambranle is calleid the trmewrUy and the sides 

OaAicnB. (Fr. Chamfirein.) The arris of anything originally right^angledf cut aslope, ov 
bevel, fO that Uie plane it then forms is incline leas thao a right angle to oUmr 
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planes with wliich it btersecta. If it is not carried the whole extent of the piece, it it 
returned and then is said to be * stop chamfered/ 

CHJLMrxixt Like. In ornamental carred work formed of excavataons is the line parallel 
to the continuous line, either ascending or descending. 

CnaKCBL. That part of the eastern end of a church in which the altar is placed. See 
Cancrlli. This is the strict meaning ; hut in many cases the chancel extends much 
farther into the church, the original divisions having been removed for accommodating 
a larger staff of clergy. The word is also used to denote a separate division of the ancient 
basilica, latticed off to separate the judges and council from the audience part of the place* 
The chancel of a Protestant church is now raised two or three steps above the pave- 
ment of the nave, and provided on each side with two rows of benches or stalls for 
choristere ; on the north side in a sort of chapel or recess is placed the organ, and be- 
hind which is sometimes the choristers’ vestry, attached to the vestry for the cleigy. 
Beyond, is the part called the Bacrarium^ railed off, with a step for the communicants* 
and inside which is the altar or communion table placed on a platform raised two or 
three steps. In a large chancel, the space will allow of two or three chairs or perhaps 
sedilia for the clergy on the south side, with an aumbry for the church utensils, and a 
credence table or shelf for the bread and wine before being placed on the table. 
Chindry. An apartment in a palace or royal dwelling for depositing candles and other 
lights. 

Channel of the Larmier, and of the Volute. See Canal of the Larmier, and 
OF THE Volute. 

Channel. (Fr. Canal.) A long gutter sunk below the surface of a body, as in a street, 
and sendng to collect and run off the rain water with a current. 

Chaori. a great porch or hall, as used in India, usually attached to the Vimana with 
its mantapa and antarala^ all three forming the temple properly speaking. This porch 
in lower India is called a muiKa Ttiantapay and is generally used for marriage ceremonies 
and religious ceremonies performed in public. 

Chantlate. a piece of wood fastened at the end of rafters, and projecting beyond the 
wall, to support several rows of shites or tiles, being so placed as to throw off the rain- 
water from the face of the wall. 

Chantry. (Lat. Cantaria.) A little chapel in ancient churches with an endowment for 
one or more priests to say mass for the release of souls out of purgatory. In the four- 
teenth year of Edward VI., all the chantries in England were dissolved : at this period 
there were no loss than forty-seven attached to St. Paul’s Cathedral. 

Chapel. (Lat. Capella.) A building for religious worship, erected separately from a 
church, and served by a chaplain. In Catholic churclies, and in cntliodnils and abbey 
churches, chapels are usually annexed in the recesses on the sides of the aisles. These 
are also called chantries. It is also the name of the building erected for worship by 
the dissenters and others. 

Chapiter. The same as Capital. 

Chaplet. (Fr. Chapelet.) A moulding carved into beads, olives, and the like. See 
Baguette. 

Chapter House. In ecclesiastical architecture the apartment (usually attached) of a 
cathedral or collegiate church in which the heads of the church or the chapter meet to 
transact business. These council cliambers date back in England us far as the time of 
Archbishop Cuthbert at Canterbury. On the Continent the chapter houses, for the 
most part, are square or oblong rooms with timber roofs. In the ninth century, the 
east alley of the cloister was used as a chapterhouse, but in the tenth, a distinct build- 
ing was formed for it at Fontenelle. In the eleventh century king Edward the Con- 
fessor erected a round and vaulted chapter house at Westminster. It is a remarkable 
fact that the Benedictine monks almost invariably built polygonal, while the Seculars 
erected rc'Ctangular, chapter houses. The two exceptions to the rule are those of Wor- 
cester and Westminster. From the commencement of the thirteenth century a polygonal 
shape was adopted ; a decagon a^ at Hereford, St. Paul’s at London, Bridlington, 
Lichfield, and Lincoln, and at Worcester though it is a circle internally ; an octagon 
at Wells, York, Salisbury, and Westminster. At Westminster, Wells, and St Pafi's, 
it was built over a crypt. 


Bates^ Dlagaeter. 

Lincoln 1186-llft? 60 ft. 

York completed about 1 ^0 67 ft. 

Wells 1298-1802 66 ft. by 42 ft 

Lichfield about 1240 44 ft. by 26 ft. 


Worcester 

Simsbury 

Westminster 


Bates. Blazneter* 
1268-1872 48 ft 

1263-1270 68 ft. 

1260 68 ft 


CHAPTUttL. (Fr.) The same as Impost. 

Charcoal, ^nes or vegetable matter decomposed by heat without the free access of air. 
Its sanitary properties consist in its power of absorbing gases, which is most efficient 
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when the charooel is Ammal charcoal is betler than that of wood, cr of Mi, 

for the purposes of dUsinfection. When cleansing cesspools, the chareoal shoula be 
mixed with the soil. When used to destroy mol air, the ihareoal requires to be exposed 
in thin films, presenting the greatest possible surface. It is essentially necessaxy to 
the proper filtration of water. It is a bad conductor of heat, but conducts electricity. 

Ohxbqbd. a term used to denote that one member of a piece of architecture is sustained 
by another. A frieze is said to be charged with the ornament cut on it. 

CiixuNBL Hou.sb. a place where the bones of the dead are deposited. 

Chxbtophylacium. a recess or apartment in an ancient building, for the preserpation of 
records or valuable writings. 

OuASB. An upright indent cut in a wall for the joining another to it. It a^so means an 
indent cut a wall, into which a pipe or some such article is placed. 

Chase MortiSb, or Pullet Mortisb. A long mortise cut lengthwise in one of a pair of 
parallel timbers, for the insertion of one end of a transverse timber, by making the 
latter revolve round a centre at the other end, which is fixed in the other parallel timber. 
This may bo exemplified in ceiling joists where the binding joists are the parallel tim- 
bers first fixed, and the ceiling are the transverse joists. 

Chateau, The modem French form of the word castle, and used for a castle, fort, or 
country mansion. 

Cheeks. Two upright, equal, and similar parts of any piece of timber-work. Such, for 
instance, as the sides of a dormer window. 

Cheeks of a Mortise are the two solid parts upon the sides of the mortise. The thick- 
ness of each cheek should not be less than the thickness of the mortise, except mould- 
ings on the stiles absolutely require it to be otherwise. 

Cheese Eoom. A room set apart for the reception of cheeses after they are made. The 
walls should be lined, and fitted up with shelves with one or more stages, according to 
the size of the room, and proper gangwaj'S for commodious passage. In places 
where much cheese is manufactured, the dairy-room may be placed below, the shelf- 
room directly above, and lofts may be built over the shelf-room, with trap-doors through 
each floor. This will save much carriage, and will be found advantageous for drying 
the cheeses. 

Chequers. In masonry, are stones in the facings of walls, which have all their thin joints 
continued in straight lines, without interruption or breaking joints. Walls built in 
this manner are of the very worst description ; particularly when the joints are made 
horizontal and vertical. Those which consist of diagonal joints, or joints inclined to 
the horizon, were used by the Romans. 

Chesnut or Chestnut. faguB casianea. A large tree chiefly grown in England in 
ornamentil grounds. It has often been stated that its timber has been used in building, 
but no satisfpxjtory proof has been adduced. Where wide planks can be procur^ 
without a fault, they have perhaps been used for panels and carving, as the wood is 
very similar to wainscot, but is without the flower. 

Chbst. The same as Caisson. 

Chbvbt. a term used by French architects and antiquaries to denote the Bomuiiding 
aisles to the choir of a cathedral, from their resemblance on the plan to the form 
of a bolster. 

Chevron Moulding. A zigzag ornament used in 
the arefai volts of Saxou and Norman arches, similar 
Xofig. 1381 . 

Chim.«ra. a monster of the Grecian mythology, 
described as having a lion’s bead, a goat’s body, 
and the tail of a dragon. Out of the back gi'ows the 
head and neck of a goat. One such piece of sculp- 
ture, brought to England by Sir Charles Fellowes 
\ from Asia Minor, is now in the British Museum. 

^ Chimney. (Fr. Chemin^e.) The place in a room where a fire is burnt, and from which 
the smoke is carried away by means of a conduit, called a funnel or a fine. Where the 
walls are sufilciently thick, the chimneys are formed in the substance of them, but they 
are usually made by a projection from a wall and a recess in tl)e same from the floor 
> ascending within the limits of the projection and the recess. That part of the opening 
which faces the rooni is properly called the/re^'mv, the stone, marble, or metal, under 
which is called the hearth. That on a level with and in Uront of it is the dah, though 
often called the hearth. The vertical sides of the opening are caUedyam&s. The head 
of the fore-plate resting on the jambs is called the manUL The tube or cavity from the 
fireplace upwards is called thei/unttd orjlue. The pari of the funnel which contracts 
ns it ascends is termed the gathering^ by some the gatkermg ihe The part 

between the ^hsidng and the flue is called the ihrMt. The part of w smlt fiioitiw 
4he room, and forming one side of the funnel parallel thereto, or the part of ihe #a£r 
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forming the sides of the fannels where there are more than one, is the breast. In ex- 
temal walls, that side of the funnel opposite the'breast is called the When there 

is more than one chimney in the same breast, the solid parts thatdiride them are called 
Wilks or Wilkes : and when several chimneys are collected into one mass, it is called a 
stack of chimneys. The part which rises above the roof, for discharging (he smoke into 
the air, is called a chimney shaft, whose horizontal upper snrfEice is termed the ckm^ 
ney-top ; on this is placed the chimney-yot, or contrivance for dissipating the smoke, or 
for creating a draught. 

The cocings were formerly placed at inght angles to the face of the wall, and the 
chimney was finished in that manner; but Count Eumford showed that more beat is 
obtained from the fire by reflection when the covings are placed in an oblique position. 
He likewise directed that the fire itself should be kept as near to the hearth as possible, 
and that the throat of the chimney should be constructed much narrower than had been 
practised, with the view of preventing the escape of so much heated air as happened 
with wide throats. If the throat be too near the fire, the draught will be too strong, 
and the fuel will be wasted ; if it be too high up, the draught will be too languid, and 
there will be danger of the smoke being occasionally beaten back into the room. The 
chimney of large furnaces and for boilers is called a stalk, and built very tall in order 
to create sufficient draught for the fire. 

CuiMNBT PiBCK. The assemblage of architectural dressings around the open recess con- 
stituting the fireplace in a room, and within which the fuel is burnt, either immediately 
upon the hearth itself, or in a raised grate, or open stove. Formerly fireplaces were 
provided only in the principal rooms of a house; those in public rooms, as town hails, 
beenme fine pieces of architecture. 

Chinesk Architkcturk. In the tent is to be found the type of this architecture. A 
characteristic quality is gaiety of effect. The coloured roofs, pf)rches diapered with 
variegated tints, the varnish with which the woodwork is Covered, the light forms of 
the buildings, all unite in producing a style very different to that seen in other coun- 
tries. The towers called pagodas, and the arches, are two of the peculiar erections of 
that country. 

Chip. A piece of any material cut by an acute-angled instrument. 

Chisel. An instrument used in masonry, carpentry, and joinery, and also by carvers and 
statuaries, for cutting either by pressure or by impulse from the blows of a mallet or 
hammer. There are various kinds of chisels ; the principal ones used in carpentry and 
joinery are the fornur, the faring chisel, the gouge, the mortise chisel, the socket chisel, 
and the ripping chisil. 

Chiseled Work, In masonry, the state of stones whose surface is formed by the chisel. 

CniT. An instrument used for cleaving laths. 

Choir. (Gr. Xopos.) The part of a church in which the choristers sing divine service. 
In former times it was raised separate from the altar, with a pulpit on each side, in 
which the epistles and gospels were recited, as is still the case in several churches’ on 
the Continent. It was separated from the nave in the time of Constantine. In nun- 
neries, the choir is a large apartment, separated by a grate from the body of the church, 
where the nuns chaunt the service. In churches in Italy, the core is moveable, and is 
held sometimes in one part of the church, and sometimes in another. See Chancel. 

Choir Screen or Rood Screen. An ornamental open screen of wood or stone, diriaingthe 
choir or chancel from the nave, yet so as not to obstruct sight or sound. The modern 
choir screen at Hereford Cathedral has been formed of wrought iron and decorated. 
See JUBE. 

Choraqio Monument. (Gr. Xopoj.) In Grecian architecture, a monument erected in 
honour of the choragus who gainM the prize by the exhibition of the best musical or 
theatrical entertainment at the festivals of Bacchus. The choragi were the heads of 
the ten tribes at Athens, who overlooked and arranged the games at their own expense. 
The prize was usually a tripod, which the victor was bound publicly to exhibit, for 
which purpose ti buihliug or column was usuallv erected. The remains of two very fine 
monuments of this sort, viz. of Lysicrates and Thrasyllus, are still to be seen at Athens, 

Chord. In geometry the straight line which joins the two extremities of the arc of a 
curve ; so called from the resemblance which the arc and chord together have to a bow 
and its htring, the chord r^^vinting the string. 

Choultry (proper’y Chaturmny A Tatar term for a post house, lodge, or hall for 
travellers. It is onlv used in the Madras Presidency. There are various sorts, from a 
mere shed {chaunadt), one in which images are sometimes placed {mandapam), to the 
true choultry, built expressly as on inn or caravanserai. 

CHRisHaTOHT. A pecess pesembling a pisrina, near the spot where the font originally 
stood, to contain the riirit m, or holy oil, with whirii, alter baptism, infants were anointed. 
ChuhcH. (Or. KepmicM', foom Kifios, Lord.) A building dedicated to the performance 
of Ohrisuan woMhlp, The bssilicji^ vseso the first buildings used f(^ the arsemlfiy of 
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the earlj Christians. Among the first of the churches wfis that of St. Pct^ at Rome, 
about the year 326, nearly on the site of the present church ; and it is supposed that 
the first <^arch of St. I^phia at Constantinople was built somewhat on its model 
That which was afterwards erected by Justinian seems, in its turn, to have afforded the 
model of St. Mark’s, at Venice, which was the first in Italy constructed with pendent! vea 
and a dome, the former affording the means of covering a square plan with a hemi- 
spherical vault. The four most celebrated churches in Europe erect^ since the revival 
of the arts are, St. Peter’s at Rome, which stands on a area of 227,060 feet superficial ; 
Sta Maria del Fiore at Florence, standing on 84,802 feet; St. Paul’s, London, which 
stands on 84,025 feet, and St. Genevieve at Paris, 60,287 feet. The churches on the 
Continent are usually ranged under seven classes ; pontifioalt as St. Peter’s, where the 
pope occasionally officiates ; patriarchalt where the government is in a patriarch ; 
metropolitan^ where an archbishop is the head ; oath^ral, where a bishop presides ; 
collegiate^ when attached to a college ; parochial^ attached to a parish ; and convmtual 
when belonging to a convent. In this country the churches are cathedral, abbey, and 
parochial, and those belonging to the numerous classes of dissenters, which until late 
years were called chapels, and by some denominations ure still so called. A list of large 
churches in England is given in the journal, 1866, page 123, and 1867, page 701. 

The designs of the temples of the aLcients are given in this Glossary. 

The early Christian worship, attended by large congregations, required for its exercise 
edifices whose interiors were of great extent and well lighted. Nothing was so well 
adapted for this purpose as the basilicee, which, bearing the name from their resem- 
blance to the ancient courts of justice, were raised for the purpose. Such was that of 
St. Paul without the walls of Rome {fige. 141. and 142.). That of St. Giovanni 
Laterano was divided by lour ranks of columns, which supported the walls, carrying 
the roofs of five aisles formed by the ranks of columns, the middle one or nave being 
wider and higher than the others. Each aisle being lower than that adjoining it, 
allowed windows tp be introduced in the several walls. The direction of the length of 
the nave and aisles was from past to west, and was crossed by a transverse nare, called 
a transept, from north to south. In front was an ample porch or portico. The use 
of the modern church being the same as that of the first Christian basilicm, it may be 
doubted whether for extremely large assemblies a better disposition could be chosen. 
Bramante imitated the Temple of Peace in the design for the new church of St. Peter. 
The desire of gatheriig into a single edifice the beauties of several, induced the 
architect to crown the edifice imitated from the Temple of Peace with another, imitated 
from the Pantheon. The obstruction to seeing and hearing caused by the large piers of 
the later churches is a great defect when compared with the little obstruction that the 
columns of the basilicae present. The cost of the Italian churches is another serious 
objection to them, especially in the construction of the domes, which are, with their 
tambours, buildings deficient in real solidity, from the large portion of false bearing 
they must involve ; creating a very different sensation to that experienced in viewing 
the lantern, as at Peterborough and Ely Cathedrals. 

The smaller parish church, with its nave and an aisle on each side, is not only the 
most economical, but the best form of plan. Jt was that which best pleased Sir 
Christopher Wren, whose churches are generally so planned ; and we shall here give a 
short account of one of his best of this form, that of 8t. James’s, Westminster, wbo^e 
interior is worthy of all praise. It is an excellent example of Wren’s love of harmony 
in proportions; the brea.«th being half the sum of its height and length,. its height half 
its bmgth, and its breadth the sesquialtera of its height: the numbers are 84, 63, and 
42 feet. The church is divided transversely into three unequal parts, by a range of six 
columns on each side of the nave, forming aisles which are each one-filth of the whole 
breadth, the remaining three-fifibs being given to the breadth of the nave. The roof 
is carried ou these columns, and is as great a proof of the consummate skill of the archi- 
tect as any portion of the fabric of St. Paul’s, on account of its extreme economy and 
durability. It is not further necessary to describe the building; but the observations 
of its architect with regard to it are of the utmost value, emanating from such a man. 
** 1 can hardly think it possible,” says the architect, to make a single room so capacious, 
with pews and galleries, as to hold above two thousand arsons, and all to hear the ser- 
vice, and both to hear distinctly and see the preacher. 1 endeavonred to effect this in 
building the parish church of St. James’s, Westminster, which, I presume, is the most 
capacious, with these qualifications, that hath yet been bnilt; and yet at a solemn timei, 
when the church was much crowded, leoiddnotdiioem from a gallery that two thousand 
were present. In this church I mention, though very broad, and the middle naVe 
arched up, yet as there are no walls of a second order, nor lanterns, nor buttresses, but 
the whole roof rests upon the pillars, as do also the galleries, I think it may be found 
beautiful and convenient, and, as sucb, the cheapest of any form I could invent^ On 
the place of the pulpit in a church of this class, the same architect continues: **Oon- 
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eerning: llw placing of the pulpit, I nhall obscrre, a moderate voice may be heard fifty 
feet distant before the preacher, thirty feet on each side, and twenty l^hind the pul- 
pit; and not thia, unless the pronunciation be distinct and equal, without losing the 
voi(^ at the last word of the eentence, which is commonly emphatical, and if obscured 
spoils the whole seuse. A Frenchman is heard farther than an English pref^ner, 
because he raises his voice, and not sinks his last words.” Speaking of the dimeO' 
sions of a church, Wren, after stating that a proposed church may be 6() feet broad, and 
90 feet long, “besides a chancel atone end, and the belfry and portico at the other," 
says: “ TJiese proportions may be varied; but to build more room than that every 
person may convenientljr hear and see, is to create noise nnd confusk-n. A church 
should not bo so filled with pews but that the poor may have room enough to stand and 
sit in the alleys, for to them equally is the gospel preached. It were to be wished 
there were to be no pews but benches ; but there is no stemming the tide of profit^ and 
the advantage of pewkeepers ; especially, too, since by pews in the chapels of ease the 
minister is chiefly supported.’* — “As to the situation of the churches, I should pro- 
pose they bo brought us forward as possible into the larger and more open streets, not 
in obscure lanes, nor where couches will be much obstructed in the passage. Nor are 
we, I think, too nicely to observe east or west in the position, unless it falls out 
properly : such fronts as shall happen to lie most open in view should be adorned 
with porticoes, both for beauty and (ionvonience ; which, together with handsome spires 
or lanterns, rising in good proportion above the neighbouring houses (of which I have 
given several examples in the city, of different forms), may be of sufficient ornament 
to the town, without a great expense for enriching the outward walls of the churches/ 
in which plainness and duration ought principally, if not wholly, to be studied.” 

Churches are usually constructed on the plan of a Greek cross, which is that wherein 
the length of the transverse part, or transept, is equal to that of the nave ; of a Latin 
cross, wherein the nave is longer than the transept; of a Lorraine arose, where 
there is a transept given to the long choir, as in a cathedral ; in rotondo, where the 
plan is a circle ; simple, where the church has only a nave and choir ; with aisles, when a 
subdivision occurs on each side of the nave; and those with aisles may have more than 
one of such aisles on etich side of the nave. 

The church bemg a building in which to do work, the work to be done in one is to‘ 
carry out the distinctive worship of the body to which it belongs. Hence the church 
of every communion, if true to its nature, must vary as the worship of that com- 
munion varies. As the English Reformation involved no breach of continuity, the’ 
ancient churches of this land have in the msin served w^ell for present use. But the 
aim of that Reformation was to reduce the many services of the older ritual into an 
order at once simple and congregational, and the modern English church oiight there* 
fore to be simple in its plan and congregational in its working arrangements, absorbing- 
as many of the people into the more active work of worship as possible. Therefore with 
a gre^vt town congregation the building should be broad and high, as well as long, and 
solid and dignified in every part. It must be broad in proportion to the number for 
which it is intended, for if the nave be narrow many will not see or hear sufficiently. 
Might not the nave be sometimes polygonal or circular, as at the Temple Church, and 
the decagon of St. Geregn at Cologne? — cr a wMo nave with proportionately narrow 
aisles, serving rather as passages than omitted altogether ? Chairs or benches are both 
good in their respective ways. The baptistery should be emphasized. The choir or 
chancel proper ought not to bo much elevated above the nave; practically the raising^ 
will be mund inconvenient, and artistically many steps at the chancel arch can seldom 
be successfully managed. The great rise might be between the chancel and the sanctuary 
leading up to the table. The elevation compensates for the necessary distance, and places 
the table in full sight of the whole church The choir or chancel screen is claim^ as 
“ distinctly and emphatically Anglican,” A low screen of stone or with metal rails is 
frequently introduced in placoof it The Ecclesiologist journal, 1845, p. 135, contains 
^ an elaborate paper on the division of a church into nave, chancel, and saerarium. 

The chancel should also be broad; usually one or perhaps two rows of seats or 
stalls on each side are provided; but might not three, and four rows even, be appro- 
priately introduced for the necessary choir, and made without encroaching on the 
gangway in the middle? A |^qfol paper on the Choral Arrangemmts cf Churches 
Vas read at the Northampton^ikshitectural Society, in Oct 1870. In a large town 
church the usual three sedilia sometimes provided may be found too few; a stone bench 
on either side may suit better. An apse or a square end to the chancel must depend on 
the circumstances of the case. It is now the fashion to place the “ organ chamber " 
in the north or south side of the chancel, hiding awa^ the instrument and muffling tho 
aound* With a large choir and a lofty chanoel» it aught with advantage project over 
, the stall# on one or both sides. It has been proposed to place the Litany desk, 
made capable of c(»it#lning two of |hree clerks, in a space left free of sittings at the 

satMttmtrninmh ... J- *1... — ^ i s ^ -i. 
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lectern, 'where the church is small, may well be placed in the chancel ; but where the 
church ie intended for a large congregation, and the choir must bare ample xpom, then 
the lessons had best be read at the extreme end of the nare; thus the Litany desk in 
the middle and the pulpit on the other side, as suggested by Mr. Bezesford Hope rl 

. Brighton, in 1874, most of whose remarks are used by us herein; and who advc/- 
cated the construction of a triforium where it was essential!;^ necessaiy to have 
^leries. The experiment of such au ari’angement has been tried in a new Eoman 

' Githolic church at Amsterdam, with, he said, a telling efiwt ; and one has been 
adopted in the memorial church at Cawnpore. In such a case the table must be well 
raised, and the chancel screen just so high that those below may be under its traceiy, 
and those aloft, above it. 

Complaints are often made as to ‘‘the diflSculty of seeing and hearing ih^iibme of 
our new churches.” Exeter Hall has been greatly improved by substituting a gently 
curved wooden ceiling for the original ceiling intersected by wide spaces; and “One 
of the best churches for facility of hearing is that of St. Pancras in Euston Square, 
which accommodates 2,600 persons ; it has a flat ceiling, and no massive arches and 
columns to intercept the smnd, which travels freely round the walls of the spacious 
building,” Mr. Spurgeon's Tabernacle at Newington, is also pniised. 

The subject of Church arrangement during the mediaeval period has been elucidated 
by Mr. W. H. Dykes, architect, in a paper read before the Yorkshire Architectural 
Society, in 1862 ; and the Rev. M. E. C. Walcott, On Church and Conventual Arrange- 
ment, 1861, 8vo., describes the conventual plans adopted by the various religious orders. 

CinoBiuM. (Ki^piov,) An insulated erection open on each side with arches, and having 
a dome of ogee form, like the bowl of a reversed cup, carried or supported by four 
columns, the whole covering the altar. In later times the name was transferred to a 
tabernacle, coffer, or case, in which the host was deposited ; whence the covering was 
thence called umhraculum or haldacchino. The earliest known instance of a ciborium 
appears to have been one in the church of St. George at Thessalonica, and supposed to 
have been in use about A.I). 326. It is also the name for the vessel in which the bread 
is placed at the Communion, instead of on a paten when many persons are present at iu 

Cilery. The drapery or foliage carved on the heads of columns. 

Cux. (Sax, Cill.) The timber or stone at the foot of a door, &c. Ground cilia are the 
timbers on the ground which support the posts and superstructure of a timber building. 
The term also applies to the bottom piece which supports quarter partitions. 

CiMuiA. A fillet string, list, or cornice. 

CiHEUABCU. The apartment in old churches where the plate and vestments were deposited. 

CiMCTUBE. The ring, list, or fillet at the top and bottom of a column, which divides the 
shaft of the column from its capital and base. 

Cinqub-Cmnto Abchitectvbb. Literally 600, but used as a contraction for 1600, the 
century in which the revival of ancient architecture took place in Italy. The term is 
applied to distinguish the style of architecture which then arose in that country. In 
France the style as introduoi^ there is called Style Fran^oia premier, and Renaiaiance ; 
and in England the Revival, and Elisabethan. 

CiBQUEFoxL. An omameot used in the Pointed style of architecture ; it consists of five 
cuspidated divisions or curved pendents inscribe in a poinUd arch, or in a circular 
ring applied to windows and panels. The cinquefoil, when inscribed in a circle, forms 
a rosette of five equal leaves having an open space in the middle, the leaves being 
formed by the open spaces, and not by the solids or ensps. 

Cippcs. A small low column, sometimes without a base or capital, and most frequently 
bearing an inscription. Among the ancients the cippus whs used for various purposes ; 
when placed on a road it indicated the distance oi places ; on other occasions cippi 
were employed as memorials of remarkable events, as landmarks, and for bearing 
sepulchral epitaphs. 

CiBCLH. (Lat. Oirculus.) A figure contained under one line called the circumference, 
to whick all lines drawn from a certain point within it, called the centre, are equal. 
It is the most capacious of all plain figures. 

Ciia:Ls. The name given to one of the megalithic remains, as at Stonehenge, Avebury, 
and other places. 

Cupular Biuldinos. Such as are built on a circular plan, VHien the interior also is 
circular, the building is called a rotunda, 

CiBCUfuut’OiaooLAB, or CYLmBo-oruxDmxo Wojkk. A term applied to any work whtdi 
is formed by the intersection of two cylinders whose axes are not in the same direetioa. 
The line filmed by the intersection of the surfaces ie termed, by mathematiciaii8,niMis 
of double cunature» 

CiBcuLAB Wnrziino Staibs. Such as have a cylindrtc case or welled enelostpii^th the 
planes of the rmrs of the endit^ towards the axis of the cylinder. « •r 
viBdftAit WpRg. A term amdted any Mk^with cylindricISien^ «s roofs, ^ ^ i. 

Til* 4Mninnrtii.rv linfl of a ^Sjreidar hodv» ' 
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Oiaccjjtvoj^imoxs. The turns in the spiral of tlie Ionic capital, which are oenalljr Uireo, 
but there are four in the capitals of the temple of Minerva Polias. 

OiBcns^ (Lat.) In ancient architecture, a straight, long, narrow building, whose leng:th 
' to its breadth was generally as 5 to 1. It was divided dowh the centre by an orna- 
mented barrier called the spina, and was used by the Homans for the exhibition of pub- 
lic spectacles and chariot races. Several existed at Home, whereof the most celebrated 
was the Circus Maximus. Julius Caesar improved and altered the Circus Maximus, and 
that it might serve for the purpose of a naumachia, supplied it with water. Augustus 
added to it the celebrated obelisk now standing in the Piazzo del Popolo. Of this 
circus no vestiges remain. Besides these at Home were the circi of Flaminius, near the 
Pantheon ; Agonalis, occupying the site of what is now called the Piazza Kavona ? of 
Kero, oh a portion whereof St Peter’s stands ; of Antoninus and Aurelian, of which no 
portion whatever exists ; and of Garacalla, which was 738 feet in length, and is at the 
present time sufficiently perfect to exhibit its plan and distribution in the most satis- 
factory manner. The spectacles of the circus were called the Circensian Games, and 
consisted of chariot and horse races, of botli whereof the Romans were passionately fond, 
but particularly of the former, which in the times of the emperors exdted so great an 
interest as to divide the whole population of the city into factions, distinguished by the 
colours worn by the different charioteers. The disputes of these factions often led to 
serious disturbances. 

CissoiD. In geometry, a curved line invented by Diodes. Its name is derived from 
Ktifiros, ivy, from the curve appearing to mount along its assymptote, as ivy climbs on 
the trunk of a tree. The curve consists of two infinite branches above and below the 
diameter of a circle, at one of whose ends a tangent being drawn, the curve approaches 
the tangent without ever meeting it. The curve was invented by its author with a view 
to the solution of the famous problem of the duplication of the cube, or the insertion of 
two mean proportionals between two given straight lines, ^ts mechanical construction 
may be found In Newton’s Arithmetica Universalis. 

Cist. (Gr. Kktti;, a chest.) A term used to denominate the mystic baskets used in pro-^ 
cessions connected with the Elousinian mysteries. It was originally formed of wicker 
work, and when afterwards made of metal, the form and texture were preserved in imi- 
tation of the original material. When sculptured on ancient monuments, it indicates 
8oma^mM|kilP^th the mysteries of Ceres and Bacchus. 

Cist, In Celtic or Druidical buildings, the chamber formed of laterally 

recumbent blocks of stone. 

Cistern, (Or. Kta-rn.) A reservoir for water, whether sunk below or formed of planks 
of wood above ground. In the construction of an earthen cistern, a well-tempered 
stratum of clay mvist be laid as a foundation for a brick flooring, and the bricks laid in 
terras mortar or Parker’s cement. The sides must be built with the same materials ; 
and if in a cellar or other place noar a wall a space must be filled with clay, from the 
foundation to the top of the cistern contiguous to the wall, by which means it will be 
preserved from injury. Cisterns above ground are usually formed of wooden planks 
lined with lead or zinc, and carried by bearers; but the cistern formed of slates, now 
much used, is the best for adoption. 

Civic Crown. A garland of oak leaves and acorns, often used as an architectural ornament. 

Civil Aechitkctubk. The art of erecting every species of edifice destined for the use of 
ipan, the several matters necessary to the knowledge whereof forms the subject of the 
Encydopsedia. 

Clamp. Iu brick-making, a large mass of crude bricks generally piled quadrangular on 
the plan, and six, seven, or eight feet high, arranged in the brick field for burning, 
which is effected by flues prepared in storing the clamp, and breeze or cinders laid 
between each course of bricks. 

Clamp. In carpentry and joinery , is a piece of wood fixed to another with a mortise and 
tenon, or a groove and tongue, so that the fibres of the piece thus fixed ctioss those of 
the other, and thereby prevent it from casting or warping. 

Clamp and Clasp Nails. See Nails. 

Classic Abchitocturb. The term applied in a broad sense to the works of the anrient 
Greeks and Homans. The term classic is applied sometimes to a but none such 
exists. The Greek and Homan styles of architecture being so dwrent in principle, 
they cannot cowectly be described under one name. Of late years the term has con- 
stantly beei^ misapplied to the modem Italian schools of architecture. 

Clathbx. In ancient Homan arohiUf^ure, were bars of iron wood which were used to 
secure doors or windows. 

Olat. In ordina^ language, any earth which possess^ sufiElcient ductility to admit of 
w^h water. Common clays be divided into three classes, viz. tiae* 
Amm, memf and e^&oeamus. Of these the first is welly used in pottery, and the 
thii^ are emid^yed in |pi{e maap^uie of brieki aad tilesb 
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CT.4TiNa. The operation of spreading twQ or thM cOats of and 'hcCkf^ting thew, 
for the purpose of keeping water In a vesaeL This operation Is pumHfiji, 

CLsaic. A term used in some places with the same eignifloitioa UkiSHkk or to glue. , 

OxMiB. The nett distance b0t%^een two bodies, whem ^ otji^ iht^vmen, or between 
their neesrest surfaces. ^ 

CnEA.B Stobt br Clbsb StORT. The upper vertical^ diTidons « the uaTe, choir, and 
transepts of a church. It hi olear aboTe the rotrf oftlie aidki, Whence St may have taken 
its name ; but some have derived the name fWim the clair or light admitted through 
its tier of windows. Keady all the cathedrals and lar^ churches have dear etprue, 
either as tiess of areadns, or of windows over the triforia. There is no trliorium 
in the prioryuhurch of !^th, but a series of lor^ and lofty windows constitute the dear 
story. The choir at Bristol Cadiedral has neither trifoziuin nor clear story. Exan^ples 
are 'given in figs. 1416 to 1426. 

Cleats. Small wooden projections in tackle to which to fasten the ropes. 

Clsaviko. The act of fosdbly separating one part of a piece of^WQod Or other matter from 
another in the direction ot the fibres, either by p^^essure or percussion with some 
wedge-formed'inBtrumeht. 

Cleft. The 'open crack or fis^re which appears in tfood which has been wrought too 
green. The carpe^iter usually fills up these crac^ wi^a mUture of gum and sawdust, 
but the neatest way is to soak both sides well with the fiit of beef broth, and then dip 
pieces of sponge into the broth, and fill up the cracks with them ; they swell Out so as 
to fill the whole crack, and so neatly as to be scarcely distinguishable. 

Clepsydra. (Gr.from fCkcwTcS, to conceal, and *T8»p, water). A water clock, or vessel 
for n^elluriDg time by thr running out of a certain quantity of water, or sometimes of 
sand, itoengh au orifice of determinate magnitude. Clepsydras were first used in 
£gj^ under the Pto1emieil7 they seem to have been common in Borne, though they 
were chiefly employed in^winter^ In the summer season sundials were us^. 

OLtNCHiKo. The act of binding and driving backward with a hammer the pointed end of 
a nail after its penetration thorough 8 piece of wood. 

CniMXBBS. Bricks iippregnated with nitre, imd moi^ thoroughly burnt by being nearer 
the fire in the kiln. 


Cloa€A 4 The name jgiveu tp the common sewer of ancient Home fi»r carrying off into 
the liber the filth of the city. The chief of these, called the cloaca|l|g |^i^% w as built 
,by the first Tarquin of huge blockaof stone placed together withoutSiB!|fir^Xh top 
was ^hed,%attd Consisted of three rows of stones one above another. It began in the 
Foruin Romanum, wa% 300 paces long, and entered the Tiber between the temple of 
Vesta and the Pons Senatonus. There were as many plindpal sewers as there were 
hills in 4liC city. 

Cloak - yiifs and Bail. A {^ece of wood attached to a Wall, furnished with projecting 
pegs on which to hang bats, great-coats, &c. The pegs are called doak pvna, and the 
« bbard into which they are fixed, and which le fastened to the wall, is called the raU, 
Clock Tower. A tower specially designed to hold a cjock with its qnal^ and hour 
bells. Bells which are to bp rung should properly be placed in a distinct erection, as 
the vibration inmres the clock. 

Cloister. (Lat. Claustrum.) The square space attached to a regular monastery or large 
church with a peristyle or ambulatory round, usually with a range of building over 
it. ^he cloister is perhaps, ex vi termini^ the ceilTHl square shut in or closed .h ||to||he 
surrounding buildings. Cloisters are usually square on the plan, having a plaiffi||||L 
on one side, a series of windows between the piers or columns on the opposite 8ic|H||||B 
arched otar Witll^a faulted or ribbed ceiling. It mostly forms part of thepasw^^^ 
communication from thn church to the chapter house, refectory, and other txbts of 
establishment* la England all the cathedrals, and most of the collegiate cnurehes an^ 
abbeys, w^proiidafi with cloisters. On the Continent they are commonly appendejl 
to large monasteries, and Ore often decorated with paintings, and contain tombs. J 
A common appendage to a cloister was a lavatory, or stone trough for water, at wHid^ 
the monks washed their hands previous to entering the^fectory. 

Close Stbino. In dog-lagged stairs, a staircase wi&put an open ne^el. 

Cloobb, The last stone in the horizontal length Of a wall, wi<^ h Of loss dimensions 
than the rest, to close the row. Closers in brickVork, or Mckr (or hats), t«sg 

or gmter than half a brick, that are used to close tt|0 04b|s|if il (Kmraejpf 
In Elfish as well as Flemish bond, the length of a^hriOk beibgbut ninhpra^ Its 
wjdth fbur iuchee and a hatf, in order that tiie reftioal jmnts may bO brelMW 


wjdth fbur iuchee and a hatf, In order that tiie reftioal jmnts may bO brelMW 

of the first stretcho^, a qiinrter brick (or bat) mpst be interposed to presh^8 

tinuity of the bondf'^thls is called a queen-closer, A similar px<tservajtibS df biM 

may os obtained by InssKing aldirea-qaarter bat at the angle ih 

thm is called a kwy-doser. In both cases an horinontafldw of tiro IM g 

is left ilsoet header. 

Closbt, Jk ^inll^partinent 'fluently iimdo to MSmnnioaM with et 
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used as a dreseingf room. Sometimes a Hoset is made for the reception of stores, and ^ 
is then called a %tore doaet, 

GLOTtGH or CioysB. The same as paddle, shuttle, sluice, or penstock* A coatriTance for 
retaining or letting out the water of a canal, pond, &c. 

Clouoh Abchjbs or PAnnuB-aonES. Crooked arches by which the water is conreyed 
from the upper pond into the chamber of the lock of a canal on drawing up the clough* 
Oloitt Nail, See Naiib. 

Clustbubi). The combination of several members of an Order penetrating each other, 
CLnsTBRsn Pillar. Several slender pillars or shafts attach^ to each other eo as to 
form one. In Eoman architecture the term is used to denote two or four columns 
which appear to intersect each other, at the angle of a building, or of an apartment to 
answer to each return. 

CoARSB Sttfp. In plastering, a mixture of lime and hair used in the first coat and float- 
ing of plastering. In floating, more hair is nsed than in the first cont. 

Coat. A thickness or covering of plaster, paint, or other work done at one time. 
Con-WALLS. Such as are formed of mud mixed with straw, not uncommon in some 
districts of England, but the best are to be found in Somersetshire. 

Cocking or Cogging. See Caulking. 

CocKLB Stairs. A term sometimes used to denote a winding staircase. 

CoDDiNGS. A Scotch term for the base or footings on which chimney jambs are set iQ 
the ground floor of a building. - 

Cobnaculum. (Lat.) In ancient Roman architecture, an eating or supper room, the 
early period of their history, when the houses rarely consist^ of mefre than two stories, 
it demoted generally the upper story. The word also signifled lodgings to lot out for 
hire. Also the upper stories of the circi, which were divided into small shops or 
rooms. 

CiENATio. An apartment in the lower part of the Roman houses, or in a garden, to sup 
or eat in. From Suetonius it would appear that it denoted a banqueting and summer 
house. In the Laurentine Villa a large ceenatio is described by the younger Pliny, and 
it soems, from the description, that it was placed in the upper part of a lofty tower. 
Coffer. (Sax. Corpo.) A sunk panel in vaults and domes, and also in the soffite or 
under side of the Comthian and Composite cornices, and usually decorated in the centre 
with a flower. But the application of the term is general to any sunk paUel in a ceiling 
or soffite. See Caisson. 

Coffer Dam. A case of piling, water-tight, fixed in the bed of a river, for the purpose 
of excluding the water while any work, such as a wharf wall, or the pier of a bridge, is 
carried up. A coffer dam is variously formed, either by a single enclosure or by a 
double one, with clay, chalk, bricks, or other materials between, so as effectually to 
exclude the water. The oofihr dam is also made with piles only driven close together, 
and sometimes notched or dove-tailed into one another. If the water be not very deep, 
piles may be driven at a distance of five or six feet from each other, and grooved itt 
the sides with boards let down between tliem in the grooves. For building in coffer 
damS, a good natural bottom of gravel or clay is requisite, for though the sides be mads 
sufficiently water-tight, if the bed of the river be loose, the water will ooze up through 
it in too great quantities to permit the operations to be carried on. It is almost 
unnecessary to inculcate the necessity of the sides being very strong and well-braced 
on the inside to resist the pressure ^f the water. 

OoQoiNG. See Caulking. 

CbBMSiON. See Resistance. 

Coin. (Fr.) The same as moin. The angle formed by two surface# oC a f tons or brick 
building, whether external or internal, as the corner formed by two walls, or of anarch 
and wall, the corner made by the two adjacent sides of a room, &c> 

OoKEL, Cockle, or Coakbl. A furnace made of very thick iron for generating heated 
air of great intensity, the iron often being made red-hot. 

COLISBUM. The name given to the amphitheatre built (a.d. 72) by Vespasian. 

Collar or Colarino. (It.) A ring or cincture ; it is another name for tl^ Astragal of a 
column. It it tomeumes called the neck, gorgerin, or hypotrachelium. 

Collar Beam, A beam used in the construction of a roof above the lower ends of the 
raftezi or base of ibe roof. T|ie tie beam is always in a state of extension, but the 
^^cbllar bea^may he either in a state of compression or extension m tkeo principal rafiers 
|urt with or without tie beams. In trussed roofs, collar beams are framed into queen 
posti) in eonnpon roofs, into the rafters themselves. 

In general, trasses have no more than one collar beam ; yet, in vary large roofs, they 
nay have two or three collar beams besides the tie beam. The epUar beam supports pr 
trueepl up the sides of the raft^ so as to keep them frpm sigging without any other 
support Wt theb tho beam would be supported only at ite extremities. In commo i 
{ntrUn xuoAng, the porlmtfro laid in ibe acute angles between the rafters and ttie upper 
n^jgea^ Qoilfc bea^ 
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OoLLBQB. An establishment properly so termed for the education of youth in the higher 
branches of study. It generally consists in this country of one or more courts or quad- 
rangles, round which are disposed the rooms for the students, with the chapel, library, 
and eating-hall ; apartments for the head of the establishment and for the fellows and 
students; a combination room, which is a spacious apartment wherein the latter 
assemble after dinner ; kitchen, buttery, and other domestic offices, latrines, gardens, 
&c. On the Continent the college differs very materially. 

At Borne, the college, formerly that of the Jesuits, now the Boman college, is a very 
large edifice, simple in character, as this species of building seems to demand. Its 
length is 328 feet, and its height, without the attic, 87 feet. The other buildings in 
Home which pass under the name of colleges are not to be considered as establishments 
for education, being destined to the study of theology and other sciences; such are the 
Proj^anda and the Sapienza : the latter is one ot the finest buildings of that city. 
At Genoa is a magnificent college, which was formerly the palace of the Balbi family, 
by whom it was given to the Jesuits for a place of education. Of the many colleges m 
Paris hardly one, says the author of the article “ College ” in the Encyclopkdie MHho^ 
dique^ deserves notice. The same writer says that in England alone are found ex- 
ai^les of what a college ought to be. 

The universities of Oxford and Cambridge form good examples ; many are irregular 
in plan, but are convenient in disposition, and highly picturesque. Merton College, at 
Oxford, erected for secular priests, 1270-77) was the earliest in England ; only a small 
portion of it remains, such as the stone treasury, and the chancel, an exquisite speci- 
men, and one of the earliest, of the Decorated period. Several colleges were founded 
both in Oxford and Cambridge within a few yetirs afterwards ; but no other collegiate 
buildings were erected in either university until near the end of the fourteenth cen- 
tury, when the magnificent foundation of William of Wykeham arose, emphatically 
termed New College, because it was to a great extent on a new system ; he also erected 
the college at Winchester, both founded between 1380 and 1300, and although belong- 
ing more to the monastic than to the strictly domestic character, they yet afford 
v^uable examples of the style of building of their period. 

In Oxford the most regular college in plan is Queen’s College, commenced as 
late as 1710, and in the Italian style. The accommodation afforded is for about 170 
persons, incltt^g ||e provost and fellows, whose apartments, of course, occupy a con- 
siderable portion Ofthe space. A bed and sitting room, both of moderate dimensions, 
are as much as can be afforded to the students. Nicholas Hawksmore, the architect, 
completed the first quadrangle and library in 1769, Of the colleges in Oxford, Christ- 
church is past question the most magnificent. Its extent, towards the street, is 400 
feet. What is called Christchurch Meadow, attached, affords delightful walks for the 
exercise and recreation of the members, being bounded on the east hy the Cherwell, on 
the south by the Isis, and on t)»e west by a branch of the same river. The whole 
establishment is worthy of the princely founder. Such a magnificent foundation can- 
not elsewhere be referred to. Keble College, by W. Butterfield, 1867-70, does 
not appear to have been yet illustrated ; it encloses the greater part of a quadlrangle 
243 wet by 220 feet. The chapel (1876) has been erected at a cost of about 82,000^. 
in a decorated style, with mosaic work, stained glass, marbles, &c. 

In Cambridge, the library and court of Trinity College, the former one of the finest 
works of Wren ; and the extraordinary and beautiful chapel of King’s College, are the 
principal features of this university. The chapel is, inside, 289 feet long; 42 teet broad, 
and 80 feet high to apex of the vaulting. 

Besides the modern Queen’s colleges in Ireland, Trinity College, Dublin, is the only 
one requiring notice. It was first designed by Sir William Chambers, and carried out 
by G. Meyers. The front is 300 feet in length, with a total depth of 600 feet, which 
encloses two quadrangles ; it was erected 1769-80. The campanile, in the middle, 
96 feet high, was erected 1863, by Sir C. Lanyon. The number of students is upwards 
of 600. Near to the library is another court, erected 1818, with the anatomy house, 
1824. Beyond these are the new museum buildings, 1852-6, designed by J. MacCnrdy, 
with Messrs. Deane, Son, and Woodward. 

In Scotland, among the latest buildings of this sort, is the extensive one erected 
1864-1870 for the university of Glasgow, at a cost of about 420,000/., from the 
designs of Sir G. G. Scott, B.A. The plan is given in the Builder journal, xxviii. 
1870, to which work the student is referred for a description of it. This publication 
also gives, xxiii., 1866, the MalVem Proprietanr College, by C. F, Hansom ; xxvi., 
1868, the College of St. Nicholas at Lancing, by B. 0. Carpenter, with its chapel 
by Messrs. Slater and Carpenter ; andxxix., 1871» Owens College at Manchester, for 
scientific purposes, by Alfred Waterhouse. 

In this class th^ have sprang up a nun}ber of huildinos specially designed for the 
purposes of technical education, having lecture rooms and work rooms fltM the 
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numeroQs and special that the student is at once referred vO the work by Mr. E. C. ^ 
Robins, on Technical Schools and College Buildings, 1837. 

Golokb£Xi. (It.) The Italian name for the posts employed in any truss framing. 

CoLONiTAUE. (It. Colonnata.) A range of columns. If the columns are four in numberM 
it is called tetrastyle ; if six in number, hexastyle; when there are eight, octastyle ; wheir^ 
ten, decastylei and so on, according to the Greek numerals. When a colonnade is in 
front of a building it is called a fortico, when surrounding a building a •peristyle, and 
when double or more polystyle, T^e colonnade is moreover designated according to 
the nature of the intercolumniations introduced as follows ; pyonostyle, when the space 
between the columns is one diameter and a half of the column ; systyle, when it is Of 
two diameters; eustyle, when of two diameters and a quarter; diastyle, when three; and 
araostyle when four. 

CoLUMBABiuM. (Lat.) A pigeon-house. The plural of the word (columharia) wa» 
applied to designate the apertures formed in walls for the reception of cinerary urns 
in the ancient Roman cemeteries. 

CoLuiosLL^. A name sometimes used for balusters. 

CoLUMBN. The ridge piece of a roof. 

Column. (Lat. Columna.) Generally any body which supports another in a vertical direc- 
tion. See Pier, Pillar, and Shait. There are various species of columns, as twisted, 
spiral, and rusticked. Cabled or rudented columns are such as have their fiutings filled 
with cables or astragals to about one- third of the height. Carolitio columns have their 
shafts foliated. Columna were occasionally uted as monuments. The following list 
comprises the best known ones ; the heights in feet are to the top of the abacus : — 
Antonine, Rome . • .136 feet Pompey, Alexandria . . 98 feet 

Trajan, Rome . • . . llo „ Alexander, St. Petersburg . 121 „ 

Monument, London . . . 174 „ Napoleon, Boulogne . , 141 „ 

Napoleon, Paris . , . 116 „ York, London » , . 96 „ 

By the side of the Halle au Bl^ at Paris there is a gnomonic column for showing the 
time, erected by Catharine di Medicis. v 

The Columna Bellica at Rome was near the temple of Janu^%nd the consul 
proclaimed war by throwing a javelin towards the enemies’ 

column was rather historical, bearing an inscription to record crucijeral 

column is one bearing a cross ; the funereal one, an urn ; tMPipi^ 2 C, an animal ; 
and the itinerary one pointed out the various roads diverging from its site. There was 
among the Romans what whs called a lacteal column, which stood in the vegetable 
market, and contained on its pedestal a receptacle for infants abandoned by their 
parents. (Juvenal, Sat, vi.) On the legal column were engraved the laws ; the boundary 
or limitative column marked the boundary of a province ; the manvhial column was for 
the reception of trophies or spoils ; and Uie rosttal column, decorated with prows of 
ships, was for the purpose of recording a naval engagement. The triumphed column 
was erected in commemoration of a triumph, and the sepulchral one was erected on a 
tomb. The milliarium aureum, or mUliary column of the Romans, was originally a 

^ column of white marble, erected by Augustus in the Forum, near the temple of Saturn. 
From it the distances from the city were measured. It is a short column with a Tuscan 
capital, having a ball of bronze (formerly gilt) for its finish at top, and is still pre- 
served in the Capitol. 

CoLUMNiATiON. The employment of columns in a design. 

CoMiTiUM. (Lat.) A building which stood in the Roman Forum, wherein assemblies of 
the people were held. It occupied the whole space between the Palatine Hill, the 
Capitol, and the Via Sacra. 

Commissure. (Lat.) The joint between two stones, or the application of the surface of 
one stone to the surface of another. 

Common Centring. Such as is constructed without trusses, but having a tie beam at ltd 
ends. Also that employed in straight vaults. 

Common Joist. One in single naked flooring to which the boards are fixed. Such joistr 
are also called hoarding joists, and should not exceed one foot apart* 

Common Rafter. One in a roof to which the boarding or lathing is attached. 

Common Roofing. That which consists of common rafters only, which bridge over the 
purlins in a strongly framed roof. 

CoMPARTBi). (Fr. Compartir, to divide.) That which is divided into several parts is said 
to be comparted. 

CoMPABTiTioN. The distribution of the ground plot of an edifice into the various 
passages and apartments. 

CoMPARTHBNT. A subdivisional part, for ornament, of a larger division. To this alone 
is the term properiy applicable. 

Compartment Crilinq. One divided into panels, which are usually surrounded by 

' mnnldiniMk 
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CoicpARTicsKT TiLKS. An arrangement of varnished red and white tiles 'on a rood 

Compasses. (Fr. Oompas.) A mathematical instrument for drawing circles and moMunng 
distances between two points. Common compasses have two legs, moveable on a joint. 
Triangular compasses have two legs similar to common compasses, and a third leg fixed 
to the bulb by a projection, with a joint so as to be moveable in every direction. Beam 
compasses are used for describing large circles. Proportional compasses have two pair 
of points moveable on a shifting centre, which slides in a groove and thereby regulates 
the proportion that the opening at one end beiirs to that of tlie other. They are useful 
in enlarging or diminishing drawings. ^ 

Compass Saw. One for dividing boards into curved pieces ; it is very narrow and with- 
out a back. , . ... 

Compass Window. An old English term for a projecting window of a circular plan. 

Complement. T’he number of degrees which any angle wants of a right angle. The 
complement of a parallelogram is two lessor parallelograms, made by drawing two right 
linos parallel to the sides of the greater through a given point in the diagonal. 

CoMPLUvniM. (Lat.) An area in the centre of the ancient Roman houses, so constructed 
that it might receive the waters from the roofs. It is also used to denote the gutter or 
save of a roof. . 

CoMPO. A name often given to Parker’s cement, or the so-called Roman cement. It is 
also the name of the material used for making imitation carved- work for frames, &c., 
and made of glue and whiting: it is the short for ** composition.” 

Composite Arch. The same as the pointed or lancet arch, but better appropriated to an 
arch of four centres. 

Composite Numbers. Such as can be divided by some other number greater than unity, 
whereas prime numbers admit of no such divisor. 

Composite Order. The fifth order used in Roman and Italian architect ut*©, and being 
of H more decorative character than the Corinthian order. The capital i.s somewhat 
similar to the Corinthian ; the volutes are larger, but not so large as those in the Ionic 
capital. The base is shown infig. 1368. 

Composition in Ai^itecture. The student will find that in most cases a good distri- 
bution of plan wd lead to good sections and elevations. Upon the adaptation of the 
different A ant^ oj^e building to sort with the internal convenience, the greatest care 
should hPH|H|||B then the decoration of such an edifice becomes a secondary 
and compar^lMyHp^ work, though requiring, of course, the early cultivation of tlic 
taste of the arclutoci, and an intimate acquaintance with the parts of the design. For 
the thorough comprehension of a projected edifice, a plan, section, and elevation aro 
required ; these comprise the whole elementary part of the mechanical process necessary 
for making a design or composition. To carry out such a design, working drawings 
may be required showing the parts at large. See Design. 

Composition of Forces. The combination or union of several forces for determining the 
result of the whole. 

Compound Pier. A term sometimes given to a clustered column. 

CoMPRBSSiBiLiTT. The quality of bodies which permits of their being reduced to smaller 
dimensions. All bodies, in consequence of the porosity of matter, are compressible, 
but liquids resist compression with immense force. 

Concambrata Sudatio. An apartment in the ancient gymnasium, between the laconicum 
or stove, and the warm bath. To this room the racers and wrestlers retired to wipe off 
the sweat from their bodies. See Caldabium. 

CoNCAMBBATE. (Lat.) To arch over. 

Concavity. (Lat. Concavus, hollow.) Of a curve line is the side between the two points 
of the curve next its chord or diameter. The concavity of a solid is such a curved sur- 
face, that if any two points in it be taken, the straight line between them is in a void 
space, or will coincide in only one direction with tlie surface. 

Concentric. (Lat.) Having a common centre, as are the radii of a circle. 

Conchoid op Nicombdbs. A name given to a curve invented by that mathematician for 
solving the two famous problems of antiquity — the duplication of the cube, and the tri- 
section of an angle. It continually approaches a straight line without meeting it, 
though ever so far produced. 

,CoNCBapi. (Lat. Concrescere.) To coalesce in one mass. A mass composed of stone 
chippings, or ballast, cemented together through the medium of sand and lime, or of 
cement, and usually employed in making foundations where the soil is of itself too light 
or boggy, or otherwise insufficient for the reception of the walls. It is likewise used 
to cover the ground under a building to keep damp fri>m rising. Also to fonn a backing 
to a wharf wall, or one at the side of a railway cutting, for extra strength. Of late 
years it has been nsed in lien of bricks or stone wherewith to build houses ; for iucoin- 
buStlble flooring ; and a church has been built of it near Paris. Large concrete blo^ 
are used for the interior woxk of piers to harbours, and similai; eictensive ereotions. 
Conduit. (Fr.) A long narrow walled passage underground, for secret communication 
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between different apartmente. It is a term also used to denote a canal or pipe for the 
’ conveyance of water, and* Is also applied to the structure to which it is conveyed for 
, delivery to the public. 

Uondt’s Patent Fluid. Called, from its mode of action and effectiveness, Nature’s Dis- 
infectant ; ” it purifies, deodorises, and disinfects, by the agency of nascent or ozonic 
oxygen, its active principle. It combines powerful purifying properties with a whole- 
some nature. 

Cone. (Gr. Kavos). A solid body, having a circle for its base, and terminating in a 
point called its vertex ; so that a straight line drawn from any point in the circum- 
ference of the base to the vertex will coincide with the convex surface. If the axis or 
straight line drawn from the centre of the base to the vertex be perpendicular to the 
base, it is termed a right cone ; if not, it is an oblique cone. 

Confessional. (Lat.) In Catholic churches the small cell wherein the priest sits to 
hear the confession of, and give absolution to, the penitent. It is usually constructed 
of wood and in three divisions, the central one wliereof has a seat for the convenience 
of the priest. 

Configuration. The exterior form or superficies of any body. 

Conge. (Fr.) The same as Apophyge. 

Conic Sections. The figures formed by the intersections of a plane with a cone. They 
are five in number: n triangle, a circle, an ellipse, a parabola, and an hyperbola ; the 
three last, however, are those to which the tenn is usually applied. 

Conical Roof. One whose exterior surface is shaped like a cone. 

CoNiSTKRiuM. (Gr. Kouiffr-npiov.) In ancient architecture a room in the gymnasium and 
palflestra, wherein the wrestlers, having been anointed with oil, wore sprinkled over 
• with dust, that they might lay firmer hold on one another. 

Conjugate Diameters. The diameters in an ellipsis or hyperbola parallel to tangents at 
each other’s extremities. 

Conoid. (Gr. Kovoeidris.) Partaking of the figure of a cone. A figure generated by the 
revolution of a conic section round one of its axes. There are throe kinds of conoids, 
the elliptical, the hyperbolical^ and the parabnlical, which are sometimes otherwise 
denominated by the terms ellipsoid or spheroid, hyperboloid., and paraboloid. 
Conservatory. A building for preserving curious and rare exotic plants. It is made 
with beds .of the finest composts, into which the trees and plants, on being removed 
from the greenhouse, and taken from the tubs and pots, are regularly planted. 

With respect to its construction, it is very similar to the greenhouse, but it must be 
more spacious, loftier, and finished in a superior style. The sides, ends, and roofs 
should be of glass for the free admission of light, and for protection of the plants. It 
should be, moreover, seated on a dry spot, and so as to receive during the day as much 
of the sun's heat as possible. It is to be pronded with flues, or hot-water pipes, to 
raise the temperature when necessary; there must also be contrivances for introducing 
fresh air when required. In summer time the glass roofs are taken off, and the plants 
exposed to the open air ; but these are restored always, if taken off, on the slightest 
indication of frost. The chief point in which coriHorvatories differ from greenliouses is, 
that in the latter, the plants and trees stand in pots placed upon stages, whereas, in 
the former, they are planted in beds of earth surrounded with borders. See Greenhouse. 
Console. The same as Ancones. 

Construction. Literally, the building up from the architect’s designs ; but amongst 
architects it is more particularly used to denote the art of distributing the different 
forces and strains of the parts and materials of a building in so scientific a manner as 
to avoid failure and insure durability. The second book of the Encyclopaedia is devotsd 
to the subjects involved in the science of construction. 

Contact. (Lat. Contactus.) In geometry, the touching any figure by a line or plane 
which m^ be produced either way without cutting it. 

Content. (Lat. Contentus.) The area or superficial quantity contained in any figuro. 
Contexture. (Lat. Contextus.) The inter-disposition, with respect to each other, of the 
different parts of a body. 

CoNTiGNATio. In Romau carpentry, the same as that now called naJeed flooring, 
Continued. A term used to express anything uninterrupted. Thus, an attic is said to be 
continued when not broken by pilasters ; a pedestal is continued when, with its mould- 
ings and dado or die, it is not broken under the columns ; so of a socle, &c. 

te UR. (It. Contorno.) The external lines which bound and terminate a figure. 

act. An agreement, attached to a specification for the performance of certain works 
in accordance therewith, and with the drawings accompanying jt, if any. 

Convent. (Lat Conventua.’) A building for the reception of a society of religions 
persons, but more properly applied to one for the habitation of nuns. 

Conventual Church, One attached or belonging to a convent 



1254 


GLOSSARY. 


CoirntROENT Likes. Sudi as, if produced, will meat 

CoKTEx. (Lat. Convexus.) A form which swells or rounds itself exteroally. A eoare* 
rectilinear surface is a curved surface, in which a point being taken, a right line passing 
through it can only be drawn in one direction. 

Copwo. (Dutch, Cop, the head.) The highest and covering course of masonry or brickwork 
in a wall. Coping equally thick throughout is called parallel and ought to be 

used only on inclined surfaces, as on a gable, for example, or in situations sheltered 
from the rain, as on the top of a level wall, which it is intended to coyer by a roof. 
Coping thinner on one edge than on the other serves to throw off the water on one side 
of the wall, and is called feather-edged coping. Coping thicker in the middle than at 
the edges is called saddle-backed coping. This, of course, delivers each way the water 
that ftdls upon it. It is commonly used on the walls of a sunk area, on dwarf walls 
carrying an iron railing, and in the best constructed fence walls. In Gothic architecture, 
coping is either inclined upon the faces or plumb ; in the former case the sides of the 
vertical section are those of an equilateral triangle with an horizontal base. It is some- 
times in one inclined plane, terminated at top by an astragal, and at others in two 
inclined planes parallel to each other, the upper one being terminated at top by an 
astragal and projecting before the lower, which, like that on one inclined plane, changes 
its direction at the bottom into a narrow vertical plane projecting before the level sotite 
before the parapet. The inclined coping is occasionally used without the astragal. The 
Bofite of a projection is said to cope over when it slants downwards from the wall. 

Copper. (Cuprum, a corruption of Cyprium, having been originally brought from the 
island of Cyprus.) One of the metals used in building, but not now to the extent to 
which it was employed a few years back. 

CoRBEin. (Lat. Corbis, a basket.) A carved basket, with sculptured flowers and fruit, 
used as the finishing of some ornament. The name is given to the basket placed on the 
heads of Caryatides, under the sofiteof the architrave cornice. The term is also applied 
to the bell of the Corinthian capital. 

Corbel. A rai^e of stones projecting from a wall for the purpose of supporting a parapet 
or the superior projecting part of the wall. Their fronts are variously moulded or 
carved. They perform the same office as the modillions of an order, but the term is 
chiefly confined to Pointed architecture. 

The word corbel is sometimes used to denote a projection from a wall to cany a 
stitue or bust. It also signifies a horizontal range of stones or timber fixed in a wall 
or in the side of a vault, serving to sustain the timbers of a floor or of a vault. In old 
buildings many of the timber floors or contignations were thus supported. 

Corbel Table, A series of small arches for carrying a battlement, parapet, or cornice, 
and resting on corbels. Also any projection borne by corbels, as figs. 1382 to 
1384.^ 



Fig. 1882. Kebuly Corbel Table. Fig. 1883. Wavy Corbel Table. Fig. 1884. Corbel Table. 


Corbie Steps. Steps in the gables of old buildings, especially as used in Scotland. 

Cordon. The edge of a stone on the outside of a building. 

Core. Tlie interior part of anything. In walls of masonry there should be thorough stones 
at regular intervals, for strengthening the core, which is commonly composed of rubble 
stones, or, when they are not procurable, two bond stones lapped upon each other may 
be used, one from each face of the wall. Instead of each thorough stone two stones may 
be laid level on the upper bed, and one large stone in the core lapped upon both, observing 
that the tails of the two lower stones be right-angled ; by this means the two sides of 
the wall will be completely tied together. 

The core of a column is a strong post of some material inserted in its central cavity 
when of wood. 

Bricks or tiles brought out for the formation of cement cornices or other prqjections. 
It is also the interior part of a lump of lime, which has not been sufficiently burnt 
In slaking lump lime these “ cores ” will not disintegrate, consejjuently they can fee 
removed; but when lime is ground, these lumps are ground up with it; the result is 
an inferior mortar. 

CoRiNTHiAK Obdhr. The fourth order used in Roman and Italian architecture. It is 
richer than the Ionic order ; and its capital is composed of a bell-shaped vase, surrounded 
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leafage, imd haring amall rolutos projecting at each angle of it. The baae ie shown 
in Jig. im. The two following capitals, Jigt. 1385 and 1886, are those to which our 
Itnowlrf^ IS confined of the use of this order in Greece. The first one can, however, 
Bcarcely be conBidered Corinthiaii, and the second one not very strictly so ; the inonu • 
ment vras erected about 330 b,c. See Chobaqic Monukbnt. 



FiR. 13?5. Pig. 1386. 

Temple of tho Winds at Athens. Choragio Montiment of Lysiorates at Athens. 

CoiiNicB. (Fr. Corniche.) Any moulded projection ▼hich crowns or finishes the |)art to 
which it is affixed ; as the cornice of an order, o£ a pedestal, of a pier, door, window, 
house, &c. The cornice of an order is a seeoBdary member of the order itself, being 
the upper subdivision of the entablature. 

Corona. (Lat.) A member of the cornice, with a broad vertical face, and usually of 
considerable projection. Tho solid, out of which it is formed, is commonly recessed 
upwards from its sofite, and this part by the English workmen, is called the because 
it facilitates the fall of tho rain worn its edge, by which the parts below it are sheltered. 
The situation of the corona is between the cymatium above, and tho bed-moulding below, 

CoRO.vA Lucis. A crown or circlet suspended from the roof or vaulting of a church, to 
liold tapers or gas jets. 

CouRiDoR. (It. Oorridore.) A gallery or passage round a quadrangle leading to the 
various apartments. Also, any gallery of communication to them. 

CoRSA, (Lat.) In ancient architecture, the name given by Vitruvius to any platband or 
square fascia whose height is greater than its projection. 

Cosnt.K. (It.) A small court or area, quadrangular or curved, in a dwelling-house, 
which is surrounded by the buildings of the house itself. 

CoTTAOB. (Sax. Cor.) A small liouso or dwelling for a poor person. 

CoTTAOB Orn^b. a small villa erected in the country, emulating the houses of a rural 
character, and not affecting to display exteriorly any particular style. They were very 
fashionable nt the beginning of the nineteenth century. 

Counter Drain. A drain parallel to a canal or embanked water-course, for collecting the 
soakage water by the side of the canal or embankment to a culvert or arched drain 
under the canal, by which it is conveyed to a lower level. 

Counterfort. (Fr.) A buttress or pier built against and at right angles to a wall to 
strengthen it. 

Counter Gauge, In carpentry, the measure of the joints by transferring ^ as, for instance, 
the breadth of a mortise to ^e place on the other timber, where the tenon is to be made 
to adapt them to each other. 

•Counter Lath. One placed between every couple of gauged ones. 

Counterparts of a Buiuhng. The similar and equ^ parts of the design on each side of 
the middle of the edifice. 

Counter Sinil, The sinking a cavity in a piece of timber or other material to receive a 
projection on the piece which is connected with it, as for the reception of a plate of iron, 
or the head of a screw or bolt. 

Coupled Columns, Those arranged in pairs half a diameter apart 

Couples. A term used in the North to signify rafters framed together in pairs with a tie 
fixed above their feet. The main couples answer to the trusses, 

.Course. (Lat. Cursus.) A continued level range of stones or bricks of the same height 
throughout the face or faces of a building. Coursed masonry is that therefore wherein 

. the stones are laid in courses. The course of the face of an arch is the face of the arch 
stones, whose joints radiate to the centre. The course of a plinth is its continuity in 
the ikes of tho wall A eowrss is that whose stones are inserted into the wall fiu> 
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ther than either of the adjjacent courses, for the purpose of binding the mdl together. 
A coursing joint is the joint between two courses. 

OoufiT. (Fr. Cour.) An uncovered area before or behind the liouse, or in the centre of 
it, in which latter case it is often surrounded by buildings on its four sides, and is 
more often called a quadrangle, as at Somerset House in the Strtmd. 

Court op Justice, La.w Court, Assize Court. The apartment arranged for a trial. 
It is also sometimes applied to the building containing it and the necessary accommo- 
dation for the persons privileged to attend in it at the trial. Thus the designs must 
provide apartments and accommodation for the robing, and occasional refreshmer':, 
of the judges, the bar, and the different ofiElcers attach^ to the court, also suitalde 
accommodation for the jury, for the witnesses, for the attorneys whose instructions to 
counsel are from instant to instant necessary for the proper conduct of a case, and 
though last, not least, ample space for the public, who have an undoubted right to 
be present j also refreshment and waiting rooms for them. The architect must be 
careful to supply such accommodation as shall render the office of all parties en- 
gaged a pleasing duty rather than an irksome task. To every court of law should 
be attached a vestibule or saloon, sufficiently large to afford a promenade for those 
of all classes engaged in the courts. In Westminster, bad as the courts were, this 
was well provided m the magnificent saloon called Westminster Hall. In courts for 
the trial of felons it may be necessary, if the prison has no communication with the 
court, to add accommodation for the police and other officers, as likewise some cells 
for criminals. 

In these, as in ether buildings where there is often congregated a great number 
of persons, the entrances, and at th6 same time outlets, should be increased in 
number as much as convenience and the situation will permit ; and another indispens- 
able requisite is, that the court itself should be so placed in the design that no 
noise created on the outside of the building mav be heard in the interior, so as to 
interfere with the attention of those engaged on the business before them. 

The assize or law courts at Manchester, erected 1859-64 by Mr. Alfred Water- 
house, architect, in the Pointed style of architecture, have received the highest 
approbation for the accommodation provided, not only for all those immediately 
interested in the administration of justice, but for the public. This edifice has been 
described by its architect in the Sessional papers of the Koyal Institute of British 
Architects, 1864-5, p. 165, from which we gather that the cost, limited to 70,000^., 
did not exceed 110,000^., or nearly 9c2. per foot cube ; the furniture was about 10,000^. 
more. It consists of two almost distinct parts, the inner structure containing the 
courts, irtlic Offices, and arrangements for business. This is separated by a court- 
yard in^Hlht, but conuected by a corridor at back, from the judges’ residence or 
“lodgings.” 

In the basement of the main building, which is 266 feet long by 166 feet deep, 
and three stories or about 60 feet in height, are cells for the prisoners under trial, 
chambers for heating and ventilating, kitchens, refreshment rooms, &c. On the 
principal floor, which is about 17 feet above the level of the street, and close to 
the entrance, is the central hall, 100 feet long, 48 feet 6 in. wide, and 76 feet high ; 
beyond it are the assize courts, and the sheriffs^ or additional court at one end ; also 
the various rooms for the accommodation of the bench, the bar, the different officers 
of the court, witnesses, and jurors. The crown and civil courts are each 69 feet by 
46 feet and 39 feet 6 in. high, being among the largest courts in the kingdom. In 
them the bar is placed as usual opposite the bench, the jury is on the judge’s left 
hand, the witness-box on his right and brought close to the bench. To each of th^ 
courts there are eight entrances, and also two to the ladies’ gallery above. All theil 
are approached from the corridors, 10 feet wide, which, diverging from the centriy 
hall, run round the building, and return to the ball again. The ba||||tor8’ corridoi 
at the rear of the courts is 184 feet long, and shut off so as to keep^^pl the exclu- 
sive use of the bar. Opposite the main entrance, but quite in tbe^rear, is a door 
leading from this corridor into the library, 60 feet by 26 feet, another into the robing 
room, beyond which are the lavatories, placed round a ventilating shalt. The rooms 
for the prothonotary, clerk of the crown, and indictment office, all also open into this 
corridor. Other rooms on this floor are devoted to the witnesses, who are classified 
as much as possible, to jurors, attorneys, and barristers’ clerks, to the various officers 
of the assizes, and to purposes of consultation. On the upper floor are situated the 
Chancery court for the County Palatine of Lancaster, 41 feet by 28 feet; the grand 
jury room, 40 feet by 25 feet ; the magistrates’ board room ; and the barristers’ mess 
room, 65 feet by 22 feet. 

The article Town Hall gives references to many similar building of modem erec- 
tion, and of various sizes, but the above is probably still the best of its class. 

The Courts of Justice in London ; the foundations were commenced in ISTL vad the 
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. building wae nearly completed in 1881 , at the death of the architect, George Edmund 
Street, R. A. They were formally handed over to the First Commissioner of Public Works 
in October, 1882 , on their completion by his son, Mr. A. E. Street, with Mr. A. Blom*- 
field. The journals since that period have illustrated many portions of this large work. 

CoussiXET (Fr.) or Cushion. A stone placed upon the impost of a pier for receiving the 
first stone of an arch. Its bed is level below, and its surface above is inclined for 
receiving the next voussoir of the arch. 

The word is also used for the part of the Ionic capital between the abacus and 
quarter round, which serves to form the volute, and it is in the capital thus called 
because its appearance is that of a cushion or pillow seemingly collapsed by the weight 
over it, and has a band called balteiM, Balustkb is the side of the volute. 

Cove. Any kind of concave moulding or vault ,* but the term in its usual acceptation 
is the quadrantal profile between the ceiling of a room and its cornice. 

Cove Bracketing. The wooden skeleton for the lathing of any cove ; but the term is 
usually applied to that of the quadrantal cove, which is placed between the fiat ceiling 
and the wall. 

Cover. That part of a slate which is hidden or covered. See Gauge. 

Cover Way. In roofing the recess or internal angle left in a piece of masonry or brick- 
work to receive the roofing. 

Coving. In old buildings, the projection of the upper story over the lower ones. * 

Coving of a Fire-place. See Chimney. 

Cow-house. See Cattle-shed. 

Cowl. See Windguard. 

Crab. A species of crane much used by masons for raising large stopes ; it is a wheel 
and axle mounted on a pair of sloping legs, three or four feet apart, the legs being 
inserted into a frame at the base, whereon, opposite to the weight to be raised, a load 
may be placed for gaining so great an amount of leverage as to overcome the weight to 
be raised. The rope for the tackle works round the axle, which is turned by pinion 
wheels to gain power. 

Cradle. A name sometimes given to a centering of ribs and lattice for turning culverts. 

Cradle Vault. A term used, but improperly, to denote a cylindric vault. 

Cradling. The timber ribs and pieces for sustaining the lathing and plastering of vaulted 
ceilings. The same term is applied to the wooden bracketing for carrying the entabla- 
ture of a shop front. 

Cramp. An iron instrument about four feet long, having a screw at one end, and a move- 
able shoulder at the other, employed by carpenters and joiners for forcing mortise and 
tenon work together. 

Ckampern or Cramp Iron, usually called for shortness cramp. A piece of metal bent at 
both extremities towards the same side, for fastening stones together. When stones are 
to be connected with a greater strength than that of mortar, a chain or bar of iron 
with different connecting knobs is inserted in a cavity, cut on the upper side of a course 
of stones across the joints, instead of single cramps across the joints of each two stones. 
Cramps are commonly employed in works requiring great solidity; but in common works 
they are applied chiefly to the stones of copings and cornices, and generally in any 
external work upon the upper surface or between the beds of the stone. All external 
work, liable to the injuries which weather inflicts, should be cramped. The. most 
secure mode of fixing cramps is to let them into the stone their whole tnickness, and to 
run them with lead ; but iu slight works it is suflScient to bed them in plaster, as is 
practised in chimney-pieces. In modern buildings iron is chiefly used for the cramp. 
Tlie practice is bad, from the liability of iron to rust and exfoliate ; hence cast-iron is 
better than wrought, and should be of somewhat larger size than when wrought iron is 
employed. Copper cramps are also used in best works. The Romans wisely used 
cramps of bronze, a material far better than either cast or wrought iron. 

Crampoons. Hooked pieces of iron, something like double calipers, for raising timber or 
stones. 

Crane. (Sax. Cpan.) A machine for raising heavy weights, and deTOsiting them at some 
distance from their original place. The crane may be constructed of immense power, 
and worked by human strong or by steam power. 

Cbapaudinb Boobs. Those which turn on pivots at top and bottom. 

Creasing or Tile Cbbabing. Two rows of plain tiles placed horizontally under tlio 
coping of a wall, and projecting about an inch and a half on each side to throw 
off the rain water. 

Cbeobncb. (It. Credmzat a buttery or pantry.) The slab whereon, in the faciifice of the 
mass, or before the Communion Service, the elements are deposited previous to the 
oblation. Sometimes a plain recess, sometimes a slab on a br^et; it is in all cases 
plac^ on the south side of the altar. 

In Gothic architecture! the opening in an embattled parapet. 
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Gbes^lathd MoTTLDixa. A moulding used in Norman architecture, carved into aresem* 
blanoe of battlements, notchings, or indentations. 

'Gaamuo. (Lat.) The projecting members of a cornice, or other projecting ornament. 

.C&BscBNT, A building, or rather a series of buildings, which on the plan is disposed in 
the arc of a circle. 

Gbbst Tub. That on the ridge of a house. In Gothic architecture, crest tiles are those 
which, decorated with Ic-aves, run up the sides of a gable or ornamented canopy. 

CniB. The rack of a stable ; sometimes applied to the manger. It is used also to express 
any small habitation ; and moreover the stall or cabin ot an ox. 

Cbocxbt. (Fr. Croc, a hook.) One of the small ornaments ‘placed on the inclined sides of 
pinnacles, pediments, canopies, &c. in Gothic architecture, and most commonly dis- 
posed at equal distances from each other. The crocket seems to have had for type the 
buds and boughs of trees in the spring season, from the great resemblance it bears to 
those periodical productions : examples, moreover, of the same ornament have ^eat 
resemblance to the first stage of the leaves when the buds begin to open ; sometimes, 
however, animals are substituted in the place of leaves. 

Cromlech. A mass of large fiat stones laid across others in an upright position. 
Examples of cromlechs are found in the southern districts of England, in Brittany, 
and in many other parts of the world. 

Cross. (Lat. Crux.) A figiwe consisting of four branches at right angles to each other, 
or a geometrical one, consisting of five rectangles, each side of one rectanele being 
common with one side of each of the other four. It is a figure more particularly used 
for the plans of churches than for those of other edifices. In Ecclesiastical architecture, 
there are two kinds of plans having the form of a cross. The first is that wherein all 
the five rectangles are equal, or wherein each of tlie four wings is equal to the middle 
part formed by the intersection: this form is called a Greek cross, as fy. 1387. The 
second has only the two opposite wings equal, the other two are unequal, and the three 
rectangles in tne direction of the unequal parts are of greater length than the three 
parts in the direction of the equal parts ; this istheLc^in cross, nsfy. 1888. The middle 

. port in each direction is common. 


Fig. 1387. 



Fig. 1388, Fig. 1889. Pig. 18D0. 


4 ^ ^ 



Fig. 1891. 




The cross, the symbol of Christianity, has very natiuml^r lM»en extensively used in 
the monuments of the Middle Ages. It is unnecflaitfj to give the ornamental and pro- 
fusely decorated examples which the wtwdfr mrywhere finds, therefore the simple 
forms by which crosses are diitiiy^M will only here be noticed. When the 
two branches of the cross mm in length, as in fy, 1387, the cross is called a 
< Greek croiy^#B4plMi1lio etem is longer than the arms, as in 1388, it is a Koman 
or Jm tmmmm, When the figure has two arms, one longer than the other, as in 
1999 (the upper one meant as a representation of the inscription which was pla!^ 
over the head of Christ J, it is known by the name of the Lorraine cross, and has 
received that name from its being a bearing in the arms of the Dukes of Lorraine. By 
our own heralds this is called a patriarchal cross. The next cross, whose arms are 
toiple, Mfy, 1390, is the papal cross, and is one of the emblems of the papacy, signify- 
ing, perhaps, like the triple crown or tiara, the triple sovereignty over the universal 
Ohur^, the sufierin^ Church, and the triumphant Church. The gmt majority of the 
western churches, with transects, are constructed in the form of a Latin cross, those in 
the form of the Cbreek cross being very rare. Those in the- form of Lormiae crow 



OLOSSAKY. 


1260 


, 9 X 6 Blill rarer, and jet rarer are those constructed with triple transepts. There is 
another form called the truncated or iau cross, as fig, 1801, haring the form of that 
letter, on which, as a plan, a few churches have been built. Considered as respects 
the contour, the cross in blason has been variously shaped and named. Thus, fig. 1392, 
in which tlie extremities widen as they recede from the centre, is called a cross foike. 
This is met with more frequently than any of the others. It is seen in 
the nimbus, on tombs, on shields, upon coins, etc. ; and is the usual form 
UTV, dedicatiofi cross found in religious structures. Fig. 1393 is by the 

r\-P French called ancrk^ the extremities forming hooks, but by our own 
I H heralds it is called a cross moline. Crosses florg are those in which the 

/ f ends are formed into trefoils, as is seen in fig. 1390, the papal cross above 

H I mentioned. Fig. 1394, is a cross potent ^ and fig. 1385 is the cross dkohke^ 

u as respects the outer lines of its form ; when it is voided^ as shown by the 

Fig. 1396. inner lines, the ground or field is seen on which it lies. Fig. 1399 is the 

cross of the Russian Greek Church. 

Cross. In Gothic architecture, an erection of various kinds, which may bo classed as 
follows those used for marking boundaries, those which were memorials of remarkable 
events, monumental or sepulchral, as that at Waltham, and others of that nature ; for 
preaching, as the ancient St. Paul’s Cross ; and market crosses, as at Winchester, 
Leighton Buzzard, etc. 

Cross-banded. A term applied to handrailing, which is said to be cross-banded when a 
veneer is laid upon its upper side, with the grain of the wood crossing that of the rail, 
and the extension of the veneer in the direction of its fibres is less than the breadth of 
the rail. 

Cross Beam. A large beam going from wall to wall, or a girder that holds the sides of 
the house together. 

Crossettbs. (Fr.) The same as ancones. In architectural construction the term is 
applied to the small projecting pieces in arch Stones, which hang upon 

tlie adjacent stones. 

Cross Garnets. Hinges having a long strap fixed close to the aperture, and also a cross 
part on the other side of the knuckle, which is fastened to the joint. See Garnet. 

Cross-grained Stuff. Wood which has its fibres in a contrary direction to the surface, 
and which consequently cannot be perfectly smoothed by the operation of the plane, 
without turning either the plane or the stuff*. This defect arises from a twisted dis- 
position of fibres while in the act of growing. 

Cross Springers. The nbs in tlie Pointed style that spring from the diagonals of the 
pillars or piers. 

Cross Vaulting. That formed by the intersection of two or more simple vaults. When 
eacli of the simple vaults rises from the same level to equal heights, the cross vaulting 
is denominated a groin \ but when one of the simple vaults is below the other, the inter- 
section is called an arch of that particular species which expresses both tlie simple 
arches. For example, if one cylinder pierce another of greater altitude, the arch so 
formed is termed a cylindro-cylindrio arch ; and if a portion of a cylinder pierce a 
sphere of greater altitude than the cylinder, the arch is called a sphero-cylindric arch^ 
and thus for any species of arch whatever, the part of the qualifying word which ends 
in 0 denotes the simple vault having the greater altitude, and the succeeding word the 
other of less altitude. 

Crow. A bar of iron used in bricklaying, masonry, and quarrying, and serving usually 
as a lever in its employment. 

Crowds, Crouds, or Croft. The old term for the crypt of a church. 

Crown. (Lat. Corona.) The uppermost member of any part. Thus, the upper portion 
of a cornice, including the corona and the members above it, is so called. 

Crown of an Arch. The most elevated line or point that can be assumed in its surface ; 
it is also called the eztrados. 

Crown or Joggle Post. The same as a king post ^ being the truss post ihat sustains 
the tiebeam and rafters of a roof. 

Crown Glass. A common sort of window glass cut from a sheet blown into a disk form 
having a bull’s eye in the centre of it. 

Crowning. The part that terminates upwards any piece of architecture, as a cornice, 
«to. 


Crypt. (Gr. I lads.) Tha wadsr or hiddsn JfekMedote 

to signify that part of the anmeiit churches aBddbbeys Mow the floor, appropriated 
to monumental purposes, and sometimes formed into chapels. There are only four 
apsidal crypts in England; Winchester, 1079; Worcester, 1084; Gloucester, 1089; and 
Canterbuzy, 1098. ^ all these the side aisles run completely round the apse. SsO' 
Obowdb. 

Cbypto-Forticus. In ancient architecture a equeealed portico, also one that f<w coohiMs 
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is enclosed on evefy side. Some of them were sunk some way into the ground. It also 
is a term applied to subterranean or dark passages and galleries in the Roman villas, 
often used as cool sitting rooms. 

CuBH. (Gr. Kvfiosy a die.) A solid bounded by six square sides. It is also, from its six 
sides, called hexahedron, 

OuBic FBBT (as the quantity necessary to be allowed for health under varying circum- 
stances). From 60 to 100 feet superficial is recommended for each bed. It is stated 
that a healthy man respires about twenty times in a minute, and inhales in that period 
about 700 cubic inches of air. Fresh air contains rather more than 23 per cent, of 
oxygen, and about per cent, of carbonic acid ; by the process of respiration the 
oxygen is reduced, in round numbers, to 11 per cent, and the carbonic acid is increased 
to rather more than 8 per cent. Now, 8^^ per cent, of this gas renders air unfit to sup- 
port life; so that a man, in respiring 700 cubic inches in a minute, vitiates about 1630 
cubic inches, without taking into account the efi'ect produced by the exhalation from the 
skin. 


Cubic Feet. 

Fever Hospital, Islington, allows | per bed. 

Camp Bt Aldershot .... 1600 „ 

^nerai Hospital, Bristol . . . 1090 „ 

lioribotsiiro Hospital at Paris 1700 to 1860 „ 

Vincennes Hospital . . 1200 to 1834 „ 

Borough Hospital, Birkenhead . . 1430 „ 

Soldiers’ Hospital, Netley 1316, 1406, 1800 „ 

Herbert Hospital, Woolwich . . 1400 „ 

Recently prescribed for Military Hos- 
pitals by the English Barrack and 
Hospital Commii^onors— in Great 

Britain 1200 „ 

Ditto, in hot climates . . . 1500 „ 

Ditto, in wooden hospitals, tents, and 
in permanent barracks . 400 to COO „ 

Minimum allowance for health in a 

sitting-room SOOprindlv. 

A Meeting of Medical Officers had 
decided was sufflcioiit in dwelling 

houses 800 „ 

London Hospital, smallest allowed . 800 per bod. 
Westminster Hospital . , . .1100 „ 

University College Hospital . . 1100 „ 

Middlesex Hospital . . . .1100 „ 

Bt. Bartholomew’s Hospital . . 1377 „ 

London Hospital 1700 „ 

Guy’s Ho -pltal . . . 1300 to 2000 „ 

Xing's College Hospital . 1800 to 2068 „ 

Workhouse hospitals in London, for 

ordinary sick 850 „ 

Ditto, special or offensive cases . . 1200 „ 

Ditto, ordluaiy wards for the infirm, 

Ac 600 „ 

Ward space, os near as may be to 2000 „ 

with 144 square feet ot floor. 

Present requirements ; — 

Vagrant wards, cells, ordinary, 

86 feet of floor space, and . . 800 „ 


Cubic Feet. 

Cells, for a woman with childi-en, 

64 feet ditto . . . . 640 per bod. 

Ordinary dormitories, 86 ditto . 860 „ 

Sick wards, 60 ditto . . . 600 „ 

Lying-in, Offensive, or Infectious 
wards, 80 disto .... 960 „ 

Dormito ies ; w'all space for each bed, 
in addition to that occupied by doors 
or fire-plaoes : — 

inmates in health ; adults 4 feet 
women with infants . . 6 „ 

Sick ; ordinary, itch , and venoroal 6 „ 

Ditto, lying-in, offensive, fever 
and small-pox cases . . S „ 

In registered Lodging Houses of Lon- 
don, Dublin, Sio. . . 240 to 800 „ 

In modern Gaols . . 900 to 1000 „ 

Surrey County Prison, each cell ,819 „ 

Knutsford House of Correction, ditto 010 „ 

Manchester City Prison, ditto . . 844 „ 

Lunatic Asjlums in Scotland, gal- 
leries 600 „ 

Ditto, single rooms .... lOOO „ 

Ditto, in some crowded asylums 2 in 900 „ 

Ditto, Devon, bedrooms . . . 470 „ 

Ditto, Commissioners lecommended . 650 „ 

Ditto, Lanark 800 „ 

Ditto, private in Scotland . 200 to 300 „ 

Cow Sheds, Holborn Board of Health 1 1000 

Tho Cattle Plague broke out in Sheds 
allowing but 460 „ 

It has been lately calculated that the average 
space allowed to each person in London is 1220 
square feet, while in Paris it is only 600 ditto. 


CxTBicuLUM. (Lat.) A chamber. A distinction is made by Pliny between the cubiculum 
and tho dormitoriuin. The name was also applied to the royal pavilion or tent which 
was built in the circus or amphitheatre for the reception of the emperors. 

Cubit. A linear measure, in ancient architecture, equal to the length of the arm from 
the elbow to the extremity of the middle finger, usually considered about eighteen 
English inches. The geometrical cubit of Vitruvius was equal to six ordinary cubits. 
Mr. Perring, in 1843, calculated the Egyptian cubit at 1*713 English feet, divided into 
four palms each of seven digits. The cubit, in the survey, etc., of the Holy Land, 
was assumed (1875) at 21 inches. See Measurb. 

CuL BE Foub. (Fr.) A low vault spherically formed on a circular or oval plan. An 
oven-shaped vault. 

OuLMBsr. In ancient Roman architecture, the ridge-piece of the roof, 

Oxn.TBRT. An arched channel of masonry or brickwork built beneath the bed of a canal 
for the purpose of conducting water under it. If the water to be conveyed has nearly 
the same level as the canal, the culvert is built in the form of an inverted siphon, and 
acts on the principle of a water-pipe. The word also signifies any arched channel fbr 
water under ground. 

Culver-tail. The saine as Dove-tail, 

CoMEua. (Lat.) Thatpart of the Roman theatre where the spectators sat 

CuFBOARP. A receptacle whether a recess in a wail or otherwise, and fitted wiUi 
shelves, for small articles. Se^ Closbt. 
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Cupola, (It. from Cupo, hollow.) A term, properly speaking, which is confined to the 
underauU or ceiling part of a dome. See Lomb. 

Curb for Brick Steps. A timber nosing, ^nerally of oak, used not only to prerent the 
steps from wearing, but also from being dislocated or put out of their places. When 
the steps are made to return, the curb also returns, but when tdiey profile against a 
wall, the ends of the curb or nosing pieces house at each end into the wall. 

Curb Plate. A circular continued plate, either scarfed together or made in two or more 
thicknesses. The wall plate of a circularly or elliptically ribbed dome is called a 

as likewise the horizontal rib at the top, on which the vertical ribs terminate. 
The plate of a skylight, or a circular frame for a well, is also called a curb-plate. The 
name is moreover given to a piece of timber supported in a curb roof by the upper ends 
of the lower rafters for receiving the feet of the upper rafters, which are thence called 
curb-raftere. 

Curb Roof. One formed of four contiguous planes externally inclined to each other, the 
ridge being in the line of concourse of the two middle planes and the highest of the 
three lines of concourse. A roof of this construction is frequently termed a Manaterd 
from the name of its supposed inventor. Its principal advantage over other roof- 
ing arises from its giving more space in the garrets, which become attics. 

Curb Stone. The stone m the foot-paving of a street, which divides it from the carriage- 
paving, above which they are, or ought to be, raised. 

Curia. (Gr.) A Roman council bouse. The city and empire contained many curise. 
The curia munici'palia^ or domua curialia^ seems to have, in destination, resembled our 
Guildhall. The curia dominicalis was a sort of manor house. 

Curling Stuff. That which is affected from the winding or coiling of the fibres round 
the boughs of the tree where they begin to shoot out of the trunk. The double iron 
plane is the best for working it. 

Current. The necessary slope of a piece of ground or pavement for carrying off the 
water from its surface. 

Cursor. (Lat.) The point of a beam compass that slides backwards and forwards. Also 
the part of a proportional compass by which the points are set to any given ratio. 

Curtail Step. The first or bottom step by which stairs are ascended, ending at the 
furthest point from the wall, in which it is placed in a scroll ; perhaps taking its name 
from the step curling round like a cur’s tail. 

Curvature. See Radius of Curvature. 

Curve. (Lat. Curvus.) A line that may be cut by a straight line in more points than 
one. 

CuEviLiNBAR. Formed of curved or flowing lines. Thus a curvilinear roof is one erected 
on a curved plan, circular, elliptical, or otherwise. Tracery in the later Mediaeval styles 
is so called. 

Cushion of an Ionic capital. See Coussinet. 

Cushion Capital. A capital used in Romanesque and 
early Mediaeval architecture, resembling a cushion pressed 
down bv a weight. It is also a cap consisting of a cube 
roundea off at its lower angles, largely used in the Nor- 
man period of architecture. Ftg. 1397. 

Cushion Rafter. See Principal Brace. 

Cusp. (Lat. Cuspis.) One of the pendents of a pointed arch, 
or of the arched head of a compartment of such an arch, 
or one of the several pendents forming what may be 
termed a folyfod. Two cusps form a trefoil, three a 
quatrefoil, and so on. 

Custom House. A custom house is an establishment for 
receiving the duties, or, as they are called, customs, 
levied on merchandise imported into a country, as Pig. 1397 . 

well as of regulating the bounty or drawback on g^s 
exported. According, therefore, to the importance and 

wealth of a city, the building to receive it is of considerable cons^uence. The first 
point that immediately presents itself is, that it should be provided with spacious 
warehouses for holding the merchandise which arrives, and in which it is, as it 
were» impounded till the duties are paid ; and next, that there must be provided 
ample accommodation for the officers who are to supervise the levying of the 
imposts. The general principles in design are contained in the two maxims, of 
ample ca^cionsness for the merchandise to be received into the warehouses, and a 
panopticai view, on the part of the proper officers, of that which passes in the establish- 
ment. Security i^inst fire must be strictly attended to. The warehouses and covered 
places for exmniniiig and stowing the goods should therefore be arched in brick or 
stono, and should, moreorer, be as much as possible on the ground floor.. The o$oei 
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for the public and hcacU of the establishmeiit may be over them on the 
Both of these are, of course, to be regulated in size by the extent of trade in the place 
The general character should be that of simplicity ; decoration is unsuited, and should 
be Tory sparingly employed. The species of composition most suitable seems to be 
pointed out in arcades and arched openings. The site should be as near as may be to the 
river or port, so that the merchandise may be landed and housed with as little labour 
as possible. The Custom house at Dublin, designed by James Gandon, is a good 
work. 

The following is a general view of the apartments and offices of the London Custom 
House. The long room, which is the principal public room for the entries, &c., is 
1 85 feet long and 66 feet wide. This, as well as the rooms next enumerated, are on 
the first or principal floor, viz. a pay office for duties, treasury, bench officers’ or com- 
missioners’ rooms, secretaiy’s room, rooms for the inspector^eneral, surveyor of ship- 
ping, registrar of shipping, surveyor of acts of navigation, strong rooms, comptrollers, 
outward and inward, surveyor of works ; Trinity light office, bond office, board room, 
chairman’s room, committee-room and plantation clerk’s office. On the ground floor 
are the following offices : for minute clerks, clerk of papers, petitions, messengers, 
landing surveyors, wood farm office, tide waiters, tide surveyors, inspectors of river, 
gaugers, landing waiters, coast waiters, coast office “ long ” room, coast bond office, coffee 
office, housekeeper, searchers, merchants* and brokers’ room, comptrolling searchers, 
appointers of the weighers, and office for the plantation department. Besides these 
apartments there are warehouses for the merchandise. 

The above long list will give a notion of what would be wanted on a smaller scale; 
but on such matters the special instructions on each case must be the guide to the 
architect in making his de^sign. Many of the above offices would, of course, be xm- 
necessar}’ in a small port, neither would the dimensions be so large as the examples 
quoted. The staircases, corridors, and halls must be spacious in all cases, the building 
being one for the service of the public. 

Cut. In inland navigation, the same as canal, arm, or branch. 

Cut Brackets. Those moulded on the edge. 

Cut Roof. One that is truncated. That is, one that appears as if the part above the 
collar beams was cut away; a good example is that over the chapel at Greenwich 
Hospital. 

Cut Splat. The term for the oblique cutting of the corners of bricks in walling ; as to 
reveals of doors, and other openings. 

Cut Standards. The upright side pieces, or cheeks, supporting the ends of the shelves 
placed above a dresser table, or to a bookcase. The front edge is usually cut into u 
. curved outline. 

Cut Stone. Hewn stone, or that which is brought into shape by the mallet and 
chisel. 

Cut Steino Stairs. Stairs which have the outer string cut to the profile of the steps. 
The nosings are mitred and returned ; and the riser is mitred to the string. “ Close 
string stairs ” are whore the steps and risers are housed into the strings. See String 
Board. 

Cutters. The finest marl or malm bricks, chiefly used for arches of openings, quoins, 
&c., and which from their evenness of texture allow of being cut. 

Cutting Plane. A plane dividing or cutting a solid into two parts in any direction. 
Cyclograph. (Gr. KvkAos and rpa<f)Of.) In practical geometry, an instrument for describ- 
ing the arc of a circle to any cboi^ and versed sine, but chiefly used in flat segments, 
or those whose curx’atures approach to straight lines. 

Cycloid. (Gr. KvK\o€iSrjs.) A figure described by rolling a circle upon a plane along 
a straight edge, until the point on the circle which touches the straight edge return 
again to it after a revolution. The point traces the curve called the cycloid or 
trochoid, 

Cyclopean Masonry. Works constructed of large rude stones arranged without mortar 
are called by this name ; also M[egalithic, and Pelasgic. It is considered there were 
four distinct periods, illustrating the changes from the rude constructions to more 
refined masonry. 1. Vast misshapen masses piled one upon another without order, 

* the intarsticos filled up with pebbles and sm^l stones. 2. Polygonal hewn blocks eut 
to fit e^h other ; some interstices filled in with pebbles. 8. Courses of stone trape- 
zoidal in appearance, but broken, as two courses equal in height to one ac^oining ; 
joints not always vertical, and the stones of irregum size. 4. Continuous coutsmI 
trapezoidal arrangement, the beds continued horizontally throughout, but the joints 
rarely vertical. 

CTLiin>RB. (Gr. K«Xiv6pov.) A solid whose base is a circle, and whose curved surface is 
everwhere at an equal distance from the axis or line supposed to pass through its 
^ middle. Its formation may be conceived to be geasrateidl by the revolution of a recUngu- 
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lar parallelogram about one of its sides. The cone, sphere, and cylinder hero a remark- 
able relation to each other, first discovered by Archimedes, namely, that the cone is one 
third the cylinder having the same base and altitude ; and the inscribed sphere two 
thirds of the cylinder ; or the cone, sphere, and cylinder are to each other as the numbers 
1, 2, 3. It is termed a right cylinder when the axis is at right angles to the base, but if 
at an oblique angle the cylinder is said to be oblique. 


Table of the areas of cylinders from 9 to 16 inches diameter; — 


Diameter of 
Cylinder, 

Area of 
Cylinder. 

Diameter of 
Cylinder. 

Area of 
Cylinder. 

Diameter of 
Cylinder. 

Area or 
Cylinder. I 

Inches. 

9 

10 

lOi 

11 

Square Inches. 
63'68 

78'5 

86-66 

0601 

Inohes. 

nj 

12 

12i 

13 

Square Inches. 
103-84 
113-07 
122-66 
132-66 

Inohes. 

13J 

14 

144 

15 

Square Inches. 
143-02 
163-96 
166-04 
176-62 


Hotk.— T he areas of cyUndors are as the squares of their diameters. 


Cylindrical Ckilinq or Vaulting. Vulgarly called a waggon-head and cradle^ One in 
the shape of the segment of a cylinder. This form appears to have been first used bv 
the Eomans. It admits of being pierced by lunettes for the admission of light, which 
form cylindro-cylindric arches, and is usually formed into panels or coffers. 

Cylindrical Work. Any kind of work which partakes of the shape of a cylinder, of 
whatex'er material it be formed. 

Cyi.indroid. a solid which differs from a cylinder in having ellipses instead of circles 
for its ends or bases. 

Cyma. (Gr. a wave.) A moulding taking its name from its contour resembling 
that of a wave, being hollow in it s upp er part and swelling below. Of this mou lding 

! there are two sorts, the cyma recta ^ thus, just described, and the cyma reversa 
thus, wherein the upper part swells, ^ilst the lower is hollow". By workmen, each is 
called an ogee. 

Cymatium. (Gr.) The name commonly applied to the upper moulding of a cornice or 
capping. 

Cymdia. The same as Fillet. 

Cypress. (Lat. Cupressus.) The wood of the cypress was valued for its hardness and 
durability by the ancient architects. 

Cyzicbnus. In ancient architecture, a largo hall decorated with sculpture. See Glypto- 

TUBCA. 
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Dabbing, Daubing, or Pitching. Working the face of a stone after it has been broached 
and draughted^ with a pick-shaped tool or the patent axo, so as to form a series of minute 
holes. 

Dado. The die, or that part of the pedestal of a column between the base and the 
cornice. It is of a cubic form, whence the name of die. Large rooms are sometimes 
decorated with a base, dado, and cornice, representing a pedestal, and the term dado is 
often applied to the whole. See Base. 

Daghoba or Dagoba. The Eastern topee or tumuli mostly contained relics, the worship ' 
of these objects being one of the principal characteristics of Budhismi These were 
designated dagobaSy of which the word “pagoda” appears to be a corruption. In a Bud- 
hist temple, the dagoba is a structure which occupies the place of an altar in a Christian 
church. Il consists of a low circular basement or drum surmounted-by a hemispherical 
or elliptical dome that supports a square block wvered by a roof called a tee^ 

Dairy. An apartment in a house, or a separate building, for the preservation of milk, and 
the manufacture of it into butter, cheese, or other dairy procfuce. . When on a small 
scale, where the milk is only used for butter, the dairy may be a room on. the north side 
of the dwelling, or form one of the offices connected with the kitchen court. The tem- 
i per^tore of a dairy should be within the rs^uge of forty-eight to .fifty -five degrees of 
; Fatonheit, with enfficient ventilation to discharge all smells and impurities of the air» 
A dairy on a lar^ scale should be a detached building, in which case it should contain 
a milk-room, a cmuming-iosm, and a dairy scullery or place for scalding the utonsiha 
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If cheese he to be made, ^ room is required for the cheese-press, and another for drying 
and stodng the cheeses. ^ 

Dais. (Fr.) The plattorm or raised floor at the upper end of a dining-hall, where the 
high table stood ; also the seat with a canopy over it, for the chief guests who sat ai 

, the high table. 

Dam. I^e Coffbb Dam. 

Damp Cbunss. In order to prevent the damp rising up the walls from the soil on which 
a house is built, a course of some impermeable material is laid on the foundation 
walls a short distince (about a foot) above the level of the outside soil. This damp 
course, as it is called, is formed of a layer of powdered charcoal mixed with pitch or 
resin and powdered pitcoal ; or of two courses of slates set in cement ; of asphalte ; 
or of the stoneware hollow tile manufactured for this purpose. 

Dampness. A moisture generally attendant on buildings finished hastily on account of 
the materials not being dry ;.or the walls not being made of good well-burnt bricks ; or 
with bad mortar ; or the joints not flushed up, and allowing wet to come through. 

Dancbttb. The chevron, or zigzag moulding, in Norman architecture. See fy. 1381. 

Day or Bat. la Gothic architecture, the compartment in windows formed by the tran- 
soms or horizontal pieces and mullions or vertical pieces. 

Dead Shore. A piece of timber worked up in brickwork to support a superincumbent 
mass until the brickwork which is to carry it has set or become hard. 

Dbapbnino Sound-boabding. The fvggwg used to prevent the passage of sound through 
wooden partitions. See Boarding. 

Deal. (Sax. Delan, to divide.) Properly the small thickness of timber into which a piece 
of any sort is cut up ; but the term is now, though improperly, restricted in its signifi- 
cation to the wood of the fir tree cut up into thicknesses in the countries whence deals 
are imported, viz. Christiania, Dantzie, &c. Their usual thickness is three inches, and 
their widtli nine. They are purchased by the hundred, which contains 120 deals, be 
their thickness what it may, reduced by calculation to a standard thickness of one inch 
and a half and to a length of twelve feet. Whale deal is that which is one inch and a 
quarter thick, and aht deal is half that thickness. Clean deal refers to picked or 
selected deal, which is always used for stair treads for good work. See Board. 

Decagon. (Gr. Acica, ten, and Tavta^ att^l||fi|^.) A geometrical fi^re having ten sides 
and ten angles. If the sides and angles^ll all equal, the figure is a regular decagon, 
and capable of being inscribed in a circle. 

Dbcastylk. See Colonnade. 

Dm|||l. (Lat.) A term applied to a system of arithmetic in which the scale of numbers 
praReds by tens. 


DsaMAL Equivalents of Inches, Feet, and Yards ; and of a Shilling. 


Fraotie^a of an Inch. 

Decimals of 
an Inch. 

Decimals of 
a Foot. 

Inches. 

Decimals at 
a Foot. 

Decimals of 
a Yard. 



1 

1-0000 

•08333 

1 

•0833 





, 

• . 

•9376 


2 

•1666 




ih 

. , 

•9166 

•07638 

3 




•0833 


7 

B 

•8760 


4 

*8333 



•nil 


, 


•8126 


6 

•4166 



•1389 


forf. 

•7600 

•06250 

6 




•1666 


ft 


•7499 

•06249 

7 

•6833 



•1944 



• • 

•6876 

•06729 

8 

•6666 



•2222 


1 • 

*6260 

•06208 

9 

•7600 



•2600 


ft 

•6833 



•8383 



•2778 

ft 

, , 

•6626 

•04688 

11 

•9166 



■3056 

A 


i • 

•6000 

•4876 

*4166 

•04166 

•08646 

•03472 

12 

I’OOOO 



•3383 

A 


Decimals of a Shilling. | 



i • 

•37))0 

•03126 

<L 

«. 

WM 



A 

1 . 

•3333 

•02777 

1* 

•0416 

*0688 

M 

■n 

ft 

. 

. . 

•3126 

•02604 

u 

•1249 


•e^ 


‘ 

iorj. 

• • 

•2600 

•02083 

2 

•1666 

8 

■ 

*6666 

* 

A 

•1876 

*1666 

•01562 

■01388 

1* 

•2082 

•2800 

•2916 

94 

•7088 

*7800' 

•7916 



i • 

t • 

•1260 


4 

•8888 

10 


*8888 

*9166 

*9188 

A 

A 

*0838 

*0626 

•00694 

•00621 

? 

H 

*3780 

*4166 

*4668 

Hi 






e 

•8000 

t U 

, 

1*0080 i 
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Dkcimal Parts of a Ponn>. 


d. 

Decimal. 

d. 

Decimal. 

wgm 


m 

B 

Decimal. 




KIM 

in 

•04791 

10 

0 


1 



1 11 

8 . 

d. 


11 

0 


u 


BiH 

■ a 

1 

0 


13 

0 

•6000 

2 

*00833 

n 

•03126 

2 

0 

•1000 

19 

0 

•6600 

2& 

•01041 

8 

•08333 

3 

0 

•1500 

14 

0 

•7000 

3 

•01250 

84 

•03541 

4 

0 

•2000 

15 

0 

•7500 

34 

•01458 

9 

•03760 

5 

0 

•2500 

16 

0 

•8000 

4 

•01666 

n 

•03958 

6 

0 

3000 

’ 17 

0 

•8600 


•01875 

10 

•04166 

7 

0 

•3600 

18 

0 

•9000 

5 

•02083 

104 

•04376 

8 

0 

•4000 

19 

0 

•9500 

L»i_l 

•02291 

11 

•04583 

9 

0 

•4600 

20 

0 

1 0000 


pBCORATED Pbriod. A term applied to the Mediaeval architecture in England prevailing 
during the reigns of the three first Edwards, wherein the decorative features grew but 
of, or became embodied in, and formed part of, the construction. It succeeded to the 
Early English period. 

Dhcoration. The combination of ornamental objects which the desire for varying a form 
or forms brings together in many ways for embellishing those subjects which are the 
objects of art. 

Dedication Cross. See Cross, 1 392. 

Dbliqui.®. (Lat.) A term used by Vitruvius to designate the rafters which formed the 
ridge of the roof and threw the water on each side. 

Density. (Lat. Densus, thick.) A term used in physics to denote the quantity of matter 
which a body contains under a given or determinate surface ; for example, a cubic foot. 
The quantity of matter in a body is called its mass, and is measured by the weight of 
the bod^, to which it is always proportional ; hence the density of a body is groat in 
proportion as its weight is great and its volume small ; or the density of bodies is 
directly as their masses, and inversely as their volumes. 

Dentils or Dentels. (Lat. Dentes, teeth.) The small square blocks or projections in the 
bed mouldings of cornices in the Ionic, Corinthian, Composite, and occasionally Doric 
orders ; their breadth should be half their height ; and, as Vitruvius teaches, the inter- 
val (Metoche) between them two thirds of their breadth. In the Grecian orders they 
are not used under modillions. 

Deodouisation and Disinfection. The Summary of the “ Hastings Prize Essay, 1865,” 
on these subjects, states that: — I. For the sick room, free ventilation, when it can be 
secured, together with an even temperature, is all that can be required. II. For rapid 
deodorisation and disinfection, chlorine is the most effective agent known. III. For 
steady and coBtinuous effeet, ozone is the best agent known. IV. In the absence of 
' ozone, iodine exposed in the solid form to the air, is the best. V. For that of fluid and 
semi-fluid substances undergoing docoraposition, iodine is the best. VI. For the 
deodorisation and disinfection of solid bodies that cannot be destroyed, a mixture of 
pow’dered chloride of zinc or powdered sulphate of zinc, with sawdust, is the best. 
After this, a mixture of carbolic acid and sawdust, ranks next in order; and following 
on that, wood ashes. VU. For that of infected articles of clothing, etc.» exposure to 
heat at 212® Fahr. is the only true method. And, VTII. For the deodorisation and 
disinfection of substances that may be destroyed, heat to destruction is the true method. 

Carbolic acid, Condy^s fluid, Burnett's fluid, and Charcoal are among the materials 
manufactured for this purpose. 

Derby or Darby. A two-handed float used in plasterers’ work. 

DESCRipnoN OF A Building. The same as Specification. 

DBsCRipnvR Geometry. That which consists in the application of geometrical rules to 
the representation of the figures, and the various relations of the forms of bodies, 
according to certain conventional forms. It differs from pcrspeictive, oo account of the 
replantation being made in such a manner that the exact distance between the different 
points of the body rep^ented can always be found, and consequently all the mathe- 

' « matical relations resulting from the form and position of the body may be deduced from 
tlie representation. 

Design. (Lat Designo.) The idea formed in the mind of an artist on any particular sub- 
let, which he tiransfere by some medium, for the purpose of making it known to others* 
Eveiy work of design is to be considered either in relation to the art that produced it; 
to the nature of its adaptatiem to the end sought, or to the nature of ths ei^ it is dss* 
Unsd to serve; hence its beauty is dependent on the wisdom or excellence displayed ia 
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the design, on the fitness or propriety of the adaptation, and upon the utility for the 
end. Sfee Composition. , „ , 

Drtxim. a term usually applied to the drawings on a large scale for the use of builders, 
and general^ called working drawings. 

Dbtbeminjno Linr. In the conic sections, a line parallel to the base of tJie cone ; in the 
hyperbola this line is within the base ; in the parabolic sections it forms a tangent to 
the base, in the elliptic it falls without it. In the intersecting line of a circle, the 
determining line will never meet the plan of the base to which it is parallel. 

Buconicum. a place contiguous to the ancient churches, wherein were preserved the 
sacred vestments, vessels, relics, and ornaments of the altar. In modern language, the 
sacristy. The sacristy is now also called the vestry. 

Diagonal. (Gr. Aio, through, and Tavia, angle.) A straight line drawn through a figure 
joining two opposite angles. The term, in geometry, is used in speaking of four-sided 
figures, but it is nevertheless properly applied with reference to all polygons whereof 
the number of sides is not less than four. The term diameter is used by Euclid in the 
same sense ; but modern geometers use the term diameter only in speaking of curve 
lines, and diagonal when speaking of angular figures. 

Diagonal Scalb. A compound scale formed by vertical and horizontal subdivisions with 
diagonals drawn across them, whereby very small parts can bo measured off by means 
of equidistant parallels crossing others of the same kind. 

Diaqbam. (Gr, Arnypa/uga, from Aia, through, and rptwpa, I write.) The figure or scheme 
for the illustration of a mathematical or other proposition. 

Diameter. (Gr. Aia, through, and Mtrpov, a measure.) A straight line passing through 
the centre of a geometrical figure, as that of a circle, ellipse, or hyperbola. The term 
is architecturally used to express the measure across the lower part of the shaft of a 
column, and is usually divided into sixty parts called minutes, which form the scale for 
the measurement of all the parts of an order. See Diagonal. 

Diamicton. The Eoman metnod of building a wall, with regular ashlar work on the 
outsides and filled in with rubble between. It is similar to Empiocton, but without the 
diatoni or binding stones which go through the thickness of the walls, showing on botli 
sides. See Masonry. 

Diamond Pavement. One disposed in squares arranged diagonally. 

Diaper Work. The face of 
stone worked into squares 
or lozenges, with a leaf 
therein ; as over arches and 
between bands. It is gene- 
rally done only in interior 
work for decorating a plain 
surface. The illustration 
{fig. 13118) is from Can- 
terbuiy Cathedral, and of 
the Perpendicular period. 

Diastylb. (Gr.AiaandSrvAor, 
a column.) That distance be- 
tween columns which con- 
sists of three diameters, or, 
according to some, of four 
diameters. The term is 
sometimes used adj actively, 
to signify that the building 
is arranged with those inter- 
vals between the columns. 

Diatoni. (Gr. Am and Tovof, 
an extension.) In Greek 
architecture, the stones of a Pig. 1898. IMaper work in stone, 

wall wrought on two faces, 

which, from stretching beyond the stones above and below them, that is, going through 
the wall, made a goc5 bond or tie to the work. 

piAZOMA. (Gr. Ata through, and Zv/aa, a cincture.) In ancient architecture, the landings 
or resting places which, at different heights, encircled the amphitheatre like so many 
bands or cinctures, whence the name. 

Dicastertcim. (Gr. Ai/ei}, justice.) In ancient architecture, the name of a tribunal or hall 
of justice. 

Dictyothbtok. (Gr. Aucrvor, a net, and TtBnfUf I place.) In ancient architecture, maso^ 
worked in coursesi like the mei^es of a net. Also open lattice-work, for admitting 
light and air. ^ 
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DmOROK. (Gr.) See Brick. 

Die pp k Pedestal. That part included between the base and the cornice. See Dado. 
DiQOtNO. In soft ground, one man with a spade will throw up, per hour, a cubic yard of 
twenty-seven feet. If a mattock must be used, the same quantity will require two men, 
and in a strong gravel, three. It will require three men to wheel thirty cubic yards of 
gravel in a day to the distance of twenty yards. 

DigltpK. (Or. Ais, twice, and Tkwpoi, 1 carve.) A projecting face orfimuft with two 
panels or channels called giyphs, sunk thereon. See Triolyph. 

Dilapidation. The state of neglect into which a building has been permitted to fall. 
Dimension. (Lat. Dimetior.) In geometry is either length, breadth, or thickness. Thus 
a line has one dimension, as of length ; a superficies has two, length and breadth ; a 
solid has three dimensions, length, breadth, and thickness. 

Diminished Arch. One lower or less than a semicircle, called by the French voute 
surbaissk. See Surbaskd Arch. 

Diminished Bar op a Sash. One thinner on the edge towards tho room than on that 
towards the glass of the window. 

Diminished Oolxtmn. A column whereof the upper diameter is less than the lower. 
Diminishing Kulb. A board cut with a concave edge, so as to ascertain the swell of a 
column, and to try its curvature. 

Diminishing Scale. A scale of gradation used in finding the different points for drawing 
the spiral curve of the Ionic volute, by describing tho arc of a circle through every three 
preceding points, the extreme point of the last arc being one of the next three. Each 
point through which the curve passes is regulated so as to be in a line drawn to the 
centre of the volute and the lines at equal angles with each other. 

Diminution of a Column. The continued contraction of the diameter of the column as 
it rises. Most of the modern authors make the diminution to commence from one-third 
the height of the column ; but in all the ancient examples the diminution commences 
from the bottom of the shaft. See Entasis. In Gothic architecture neither swell nor 
diminution is used, all the horizontal sections being similar and equal. 

Dining or Dinner Room. Generally one of the largest rooms in a dwelling-house. In 
large buildings it extends to forty or fifty feet in length, and the breadth is from half 
to throe-fourths the length. In middle-sized houses, dining-rooms run from twenty-four 
down to eighteen feet in length by eighteen to sixteen feet in width, and thirteen or 
fourteen feet in height. 

Diocletian Window, Usually called a Venetian Window. 

Dipteral. (Gr. Atirrepoy, double-winged.) In ancient architecture, a temple having a 
double range of columns on each of its flanks. See Temple. 

Direct Radial. In perspective, a right line from the eye perpjendicular to the picture. 
Directing Line. In perspective, the lino in which an original plane would cut tho 
directing plane. 

Directing Plane. In perspective, a plane passing through the point of sight, or the eye, 
parallel to the picture. 

Directing Point. In perspective, that in which any original lino produced cuts the 
directing plane. 

Director of an Original Line, In perspective, the straight line passing through the 
directing point and the eye of a spectator. 

Director dp the Eye. In perspective, the intersection of the plane with the directing 
plane perpendicular to the origiuval plane and that of the picture, and hence also per- 
pendicular to the directing and vanishing planes, since each of the two latter is parallel 
to each of the two former. 

Directrix. In geometry, the name given to a certain straight line perpendicular to tho 
axis of a conic section. One of tho properties of these curves is that the distance of any 
point of the curve from the directrix is to the distance of the same point from the focus 
in a constant ratio. The name is sometimes applied generally to any straight or curved 
line required for the description of any curve. 

Discharge. (Fr. D^charger.) The relief given to a beam, or any other piece of timber, 
too much loaded by an incumbent weight of building. When the relief is given, the 
weight is said to be discharged. 

Disoharoino Arch. An arch built over a wood lintej, whereby the bearing upon it 
is taken The chords of discharging arches are not much longer than the lintel, 
being the segments of very lai^ge circles. A temj^ary areh is frequently introduced, 
and removed on completing the building. SomeUmes ^ches are built without any 
lintel under them. - - 

Dishing Out. The same as Cradling. 

DisbLUYiATUM. (Lat.) In ancient architecture, a place from which the rain is conveyed 
away in two channels. According to Vitruvius, a capadium di^luviatum was an ope^ 
court exposed to the r^n. 
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Disposition. (Lat.) Ouo of the essentials of architecture. It is the arrangement of th4 
whole design by means of ichnography (plan), orthographjr (section and elevation), and 
scenography (perspective view). It differs from distribution, which signifies the par* 
ticular arrangements of the internal parts of a building. 

DibTANCB OF THB Eyb. In perspective, the distance of the eye from the picture in a line 
perpendicular to the plan thereof. 

Distancb, Point op. In perspective, the distance of the picture transferred upon the 
vanishing line from the centre, or from the point where the principal ray meets it ; and 
thus it is generally understood to be on the vanishing line of the horizon. 

Distancb of a Vanishing Line. The length of a perpendicular falling from the eye per- 
pendicular to the vanishing plane. 

Distemper. (Fr. Detemper.) In house painting, whiting mixed with size and water, 
with which ceilings are generally done ; plastered walls when not painted or papered 
are also so covered, and are called colourea when a tint is used in it. 

Distribution. (Lat.) The arrangem«!xit of the various apartments of a building. 

Dodecagon. (Gr. AtaSena and Fwiaa, an angle.) A regular polygon of twelve equal sides. 

Dodecahedron. (Gr. Awdcwa and * Eftpa , a seat.) One of the five platonic bodies, or 
regular solids, its surface being composed of twelve equal and regular pentagons. 

Dodhcastyle. a colonnade or portico consisting of twelve columns. 

Dog-legged Stairs. Such as are solid between the upper flights, or such as have no 
well-hole, and in which the rail and balusters of both progressive and retrogressive 
flight fall in the sau^ vertical plane. The steps are fixed to strings, newels, and car- 
riages ; and the ends of the steps in the inferior kind only terminate on the side of the 
string without any housing. 

Dog-tooth Ornament. This ornament (Ji^. 1399 is a common representation of it), so 
greatly used in First Pointed or Early English 
work, appears in the abacus of one of the capitals 
in the cloister at Monreale, in Sicily, 1182 - 94 ; 
and it is noted by J. G. Wigley as occurring in the 
jambs of the little church of the ^naculum at 
Jerusalem, now known as the mos^tts of the tomb 
of David, erected early in the fourteenth century. 

He assigns the origin of the ornament, as well as 
of the ** ball flower,” to the Holy Land, the types being obtained from the cyclamen or 
gazelle’s horn, and the red anemone. The use of it in Western architecture, 1090-1187, 
curiously corresponds with the period of the first Crusades, 

Dolmen. The French name for a Cromlech. 

Dome. (Lat. Domus.) The spherical, or otherwise formed, convex roof over a circular 
or pob^nal building. A surhaetd or diminished dome is one that is segmental on its 
voU wiHlc tiQiP, a surmounted dome is one that is higher than the radius of its base, 
Thd^HfeMsat variety in the forms of domes, both in plan and section. In the former, 
they arsWcularand polygonal ; in the latter, wo find them semicircular, semi-elliptici^* 
segmental, pointed, sometimes in curves of contrary flexure, bell-shaped, &c. The 
oldest dome on record is that of the Pantheon at Rome, which was erected under 
Augustus, and is still perfect Below ie a list of the principal domes. 



Fig. 1899. 


Plaoe. Feet Diam. 

Lutheran Church at Warsaw . . (?) 200 

Pantheon at Rome (ancient) . • . U2| 

British Mnsoum, London (iap) . • 140 

St. Peter’s at Rome . |jF. , . 189 

Buomo, or Bta. Maria del Fiore, at Florence 134| 
Gol Gtoomus, Beejaporo .... 124 

Sta. Francesca, Naples . ^ . 124 

Baths of Csraoalla (ancient) . . . 112 

Bta. Sophia at Constantinople • . 106{ 

fi. Carlo Borromeo. Milan ... 105 

MosqOfi of Baleimanieh, Constantinople 104 

Churoh at Darmstadt . . . . 102 

6t. Paul’s, London ..... 100 

Capitol at Washington (iron) . . 100 

Hall of liiberation at Kehlhdm . . 96 

B. Isaac at 8 . Petersburg (iron) . . 96 

Chapel of the Medici at IHorenoe . • 94 

Ohuroh of the Invalides at Paris • « 92 

Possagno, Church ..... 91 

Halle aux B168 at Paris (iron) • • . 90 

Baptistery at Florence • . . « B8| 

Oathodnd at Gran • • • . . 99 


Place. 


Minerva Medica at Rome (ancient) 

St. George, Balonioa .... 
Mosque of Abmedleh at Constantinople 
JBmma Musjeed, Beejapore . 
li^ahan. Meqid Shah • . • 

Madre di Dio, at Turin , 

Santa Marla della Baluto, Venice . 

B. Lorenzo. Milan . • ] • 

St. Q4n6viove at Paris (Pantheon) . 
Buperga, Turin .... 
Madonna di Oampagna at Verona . 
Mosque of Hassan at Cairo . . 

St. Gereon at Cologne . . . 

Duomo at Sien| .... 
Santa Maria dena Grade, Milan • 
Val de Grace at Paris . • , 

BadoHlTe lUhrary, Oxford • • 

San Vitale at Ravenna . • . 

H Redentose, Vanioe 

Hosenm of the Vatican at Roost « 

Bail Haroo, Veuioe . . . • 


Feet DLam. 


75 

75 

74 

70 

70 

69 

64 

64 

68 

60 

57 

57 

55 

52 


50f 

50 

50 

45 


Domtts Conybbsobitm. The dav^rooiii.Bad dormitoiy of the coBwrM «of a Cistercian ii|o- 
nastery. They ^rformed aUthowrarian, artifioenaVand menial work incidental to tho 
cultivation of the land, and the dothing and daily eerrice of the whole commimity, 
taking part only occasiotially in the daily simee of the Church. 
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, DonjOw. '(Fr.) (Thd massive tower wifcbin ancient castles to whidi the gai^isozi mi^ht 
retreat in case of necessity. It was centrally placed, and frequently raised on an art> 
ficial elevatioTi. 

Book. (Scotch.) The same as Wooden Brick. 

Boor. (Sax. Bop, Gr. Qvpa,) The gate or entrance of a house or other building, or of an 
apartment in a house. It must be proportioned to the situation and use for which it is 

, intended. Thus, for. an ordinary dwelling-house, a door should not be less than seven to 
eight feet high, and three to four feet broad ; but to churches and public buildings the 
entrance doors should be much wider, to allow of a multitude passing out. So in stately 
jAansions, the doors must be from six to twelve feet in width, and of proportional 

, height. 

Boor Frame or Case. The wooden-frame enclosing a door. 

Boor Plane. The plane between the door proper, and the larger opening within which 
it may be placed. It is often richly ornamented. 

Boor Stop. The slip of wood against which a door shuts in its frame. See Eebatb. 

Boorwat. The framework of an opening for a door, the shape of which is determined by 
the stylo of architecture of the building. The Greek doorway was always square -headed, 
and generally less in width at top than at bottom. The Roman and the Romanesque 
doorways are sometimes round-arched ; the Mediseval ones are pointed in shape. 

Boric Order. The first of the orders used in Grecian architecture, and, the second as 
used in Roman and Italian architecture. Its capital is composed of straight lines and 
mouldings. In the frieze is used the triglyph, with mutulos in the cornice and corre- 
sponding to them. 

Dormant Tree or Summer. The lintel of a door, window beam, &c. A beam tenoned 
into a girder to support the ends of joists on both sides of it 8um7ner, in some loca- 
lities, is the common term for a gii*der. See Brkssummbr. 

Dormer. A window placed on the inclined plane of the roof of a house, the frame being 
placed vertically on the rafters. 

Dormitory. (Lat. Dormio, I sleep.) A large sleeping-room, capable of containing many 
beds. A range of cells for sleeping in. 

Boron. The Greek for a palm. See Brick. 

Bossbl. See Reredos. 

Double Cone Moulding. A moulding used in the 
arches of the Norman period. (Fig. 1400.) 

Double Curvature. The curvature of a curve, 
whereof no part can be brouglit into a plane, 
i^uch as the cylindro-cylindric curve, &c. 

Double Floor. One constructed of binding and 
bridging joists. 

Doublb-uuno Sashes. A window opening with two sashes, one for lifting up, the 
other for drawing down, fitted into the sash frame of a window opening. 

Double Vaults. Two vaults of brick or stone carried up separately with a cavity between 
them. 

Doubles. A sized slate used in roofing. 

Doubling. A term used in Scotland to denote eaves’ boards. 

Douctnb. The Freiicli terra for the cyma recta. 

Dove-house, or Dove-cot. A building for keeping tame pigeons, the only essential dif- 
ference between which and a common poultry house is that the entrance for the birds 
must be placed at a considemble height from the ground, because of the flight pf pigeons 
being so much higher than other birds. 

Dove-tail. A joint, so railed froih its being formed spreading like a pigeon’s tail, used by 
carpenters and joiners in connecting two pieces of wood, by letting one into the ether. 
It is the strongest method of joining masses, because the tenon or piece of wood 

( widens as it extends, so that it cannot be drawn out, because the tongue is larger 
than the cavity through which it would have to be drawn. The French call this 
method queue dhironde^ or swallow’s tail. 

Dove-tail Moulihkg. An ornament formed of running bands, as Example 3, fig, 188. 
It is sometimes called a triafigular fret. 

Dowel. A pin of wood or iron used at the edges of boards in laying floors to avoid the 
appearance of the nails on the surface. Floors thus laid are called dowelled fioors. 
The drums of columns were steadied by the inseartioti of dowels of wood, cube in 
shape, as found in the remains of Greek and !l^gyptian architecture. Slate dowels 
arc noyr often used in preference to iron, on seeount of the latter material tending to 
split the stone with rust. 

cBrao. (Verb.) A t^rm allied to anything bearing down or rubbing op another. Thus, 
a do6r is said to drag when Its hinges be^me so loosened that the lower edge rubs upon 
the floc»r. , 



Fig. 1400. 
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LRioamo. The operation of completing the surface of soft stone by meai^i of ah instrn- 
ment called a dta^^ which is a thin plato of steel with fine teotn on one edge, moved 
backwards and forwards by the workman. 

Dragon Bbah or Pincn. In carpentry, a short beam or piece of timber lying diagonally 
with the wall-plates at the angles of a roof for receiving the heel or foot of the hip 
rafter. It is fixed at right angles with another piece called the angle tie^ which is sup- 
ported by each returning wall plate, on which it is cocked down. It may be a corruption 
of “dragging.” 

Drain. A subterraneous or other channel for waste water. 

Draught or Drawing. The representation of a building on paper, explanatory of the 
various parts of the interior and exterior, by means of plans, elevations, and sections, 
drawn to a scale, by which all the parts are exhibited in the same proportion as the 

S arts of the edifice intended to be represented. Working drawings snow the parts in 
etail, or serve as directions to the artificers. 

Draught. In masonry, a part of the surface of the stone, hewn to the breadth of the 
chisel on the margin of the stone according to the curved or straight line to which the 
surface is to be brought. When the draughts are framed round the different sides of the 
stone, the intermediate part is wrought to the surface by applying a straight edge or 
templet. In very large stones, when the substance needs much reduction, it is usual to 
make several intermediate parallel draughts^ and thus the intermediate parts may be 
hewn down nearly by the eye, without much application of the straight edge or 
templet. 

In carpentry, when a tenon is to be secured in a mortise by a pin, and the hole in the 
tenon is made nearer the shoulder than to the cheeks of the mortise, the insertion of the 
pin drawe the shoulder of the tenon close to the cheeks of the mortise, and it is said to 
have a draught. See Draw Bore Pins. 

Draught Compasses. Those with moveaMe points. 

Draw Bore. (Verb.) The pinning a mortise and tenon, by piercing the hole through 
the tenon nearer to the shoulder than the holes through the cheeks from the abutment 
in which the shoulder is to come in contact. 

Draw Bore Pins. Pieces of steel in the shape of a frustrum of a cone, rather taper, 
and inserted in handles with the greatest diameter next to the handle, for driving 
1 through the draw boros of a mortise and tenon in order to bring the shoulder of the rail 
' close home to the abutment on the edge of the style. When this is effected, the draw 
' bore pins, when more than one are used, are taken out singly, and the holes immediately 
filled up with wooden pegs. 

DuAWBRiuaB. One made with long and heavy levers to bo raised or let down, at 
pleasure. 

Drawing. See Draught. 

Drawing Knife. An edge tool used to make an incision on the surface of wood 
along which the saw is to follow. It prevents the teeth of the saw tearing the 
surface. 

Drawing Room, perhaps more properly Withdrawing Room. The apartment to which 
the company withdraw after dinner. 

Dressed. A term in masonry which expresses the operation a stone has undergone before 
building it in the wall, whether by the hammer only or by the mallet and chisel, and 
then rubbing the face smooth. In Scotland the term is used to signify hammer dressing 
only. 

Drkssbr. a long table placed against a wall in a kitchen, usually with drawers, and 
having shelves over it for plates, stopped by a Cur Standard. At the edges of the 
shelves hooks are driven to carry jugs and cups. Under the drawers is a shelf raised 
a few inches above the floor, and (^led a pot board, for holding pots used in cooking. 
Dressing Room. A room generally adjoining to and communicating with the sleeping 
room, used, as the name implies, for dressing in. It should have a separate door to 
open on the lobby or passage of communication. 

Dressings. All kinds of moldings beyond the naked walls or ceilings are called by tbe 
• general name of dressings. In joinery it is a term applied to the architraves or other 
appendages of apertures. 

Drift. (Sax. Dpifan.) The horizontal force which mn arch exerts with a tendency to 
overset the piers from which it springs. 

Drip. See Corona. 

Dripstone. The moulding in Gothic architectore placed over an opening to throw off 
water. It is also called a weather moulding^ or more properly hood mould ; and UM 
when it is returned square. 

Dripping Eaves. The lower edges ot a roof from which the rain drips or drops to ths 
ground. 

Drooo. a Sanscrit term for a hill fort, a term used in Hindostan. 
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Drop or Obtusb Arch. A pointed arch of less height than that formed by an equilateral 
triang^le, similar to Fig. 1401. 

Drops. (Sax. Dpoppan.} The frusta of cones in the Doric 
Order, used under the triglyphs in the architrave below 
the tcNtia, They are also employed in the under part of 
the mutuli or modillions of the order. In the Greek 
examples they are sometimes curved a little inwards on 
the pn)dle, and were called Gxtttjb. 

Droved Ashlar. A term used in Scotland for chiselled Or 
random-ttioled ashlar. It is the most inferior kind of 
hewn work in building. What is in that country called 
broached work is sometimes done without being droved ; 
but in good broached work the face of the stone should be 
previously droved, and then broached. 

Droved ahd Broached. A term used in Scotland to signify 
work that has been roughed and then tooled clean. 

Droved and Striped. Work that is first droved and then 
striped. The stripes are shallow grooves done with a half 
or three-quarter inch chisel, about an eighth of an inch deep, having the droved inter- 
stices prominent. This and the two preceding sorts of work are not much used in the 
southern part of England. 

Dbtjidical Architecture. The Celtic erections were formerly so CJilled. 

Drum. (Dan. Tromme.) The upright part under or above a cupola. The same term 
is sometimes applied to the solid part or vase of the Corinthian and Composite 
capitals ; as well as to the block of stone composing part of the shaft of a column. 

Druxt. Timber having decayed spots or streaks of a whitish colour in it. 

Dry Rot. A disease of timber which destroys the cohesion of its parts ; it is usually 
ascribed to the attacks of fungi, such as the Polypoms destructor and MeruUus lacrymans^ 
whose spawn appears upon the surface overspreading it like a tough thick skin of 
white leather ; and there is no doubt of its being often connected with the appearance of 
such fungi. Dry rot is, however, in some^ cases to bo identified with the presence of 
fungi of a more simple kind than those just mentioned, such as those of the genus 
Sporotrichum, 

Dubbing out. A terra used by plasterers to signify the bringing of an uneven surface in 
a wall to a plane, by pieces of tile, slate, or the like, before it is plastered over. 

Duchesses. A sized slate used in roofing. 

Dwano. A term used in Scotland to denote the short pieces of timber employed in strut- 
ting a floor. 

Dwarf Wainscoting. Such as does not reach the whole height of a room, being usually 
three, four, five, or six feet high. Sometimes called a Dado. 

Dwarf Walls. Low walls of less height than the story of a building; sometimes the 
joists of a ground floor rest upon dwarf walls. The enclosures of courts are frequently 
formed by them with a railing of iron on the top; and indeed any low wall used as 
a fence is a dwarf wall. See Fender. 

Dwelling House. See House. 

Dynamics. (Gr. Avi'o/tiy, force or power.^ As generally understood, the science which 
treats on the motion of bodies, because it is only known to us by the motion it produces 
in the bod^ on whicli it acts. It is however usually restricted to those circumstances 
of motion in which tlio moving bodies aro at liberty to obey the impulses communicated 
to them ; the opposite cases, or those in which the bodies, whether by external circum- 
stjinces or by their connection with one another, arc not at liberty to obey the impulses 

' given, being within the science of mechanics. 

E 

Eagle. See AEtuioi. 

Early English Period. The name given to the first, or Lancet period of mediaeval 
architecture in England. It succeeded that of the Norman towa^ the end of the 
twelfth century. ^ The accompanying illustration, fig, 1402, is a fine example of the 
work of that period. 

Ears. The same as Cbossbttes. 

Earth Closet. A convenience for the use of the occupants of a house, in lieu of a water 
closet, lately suggested by Rev. H. Moule, of Dorchester. Though adaptable to every 
dwelling, it is more appropriate to a country habitation. Two tubs are required, one 
being the store for dry common garden mould ; the other, the receptacle for the deposits, 
over each of which is to be placed half a spad^ul of the mould ; this prevents any 
emell arising. When the tub is full, it may either be set aside for about a week or 
fortnight to dry, when the mould is then fit to be re-used, or employed for garden 



Fig. 1401. 
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purposefl. liquid sewage will require to be disposed of separate]/, as it saturates a 
large quantit/ of earth. 

Garth Table, or Ground Table, 
aud Grass Table. Tlie plinth 
of a wall (usually in Gothic work), 
or lowest course of pr<\jecting 
stones immediately above the 
ground. See Foot-stall. 

Easter, or Holy, Sepulchre. A 
recess for the reception of the 
holy elements consecrated on 
the Coena Domini or Maunday 
Thursday, till high mass on 
Easter-day. The tew examples 
in England remaining are gene- 
rally shallow, under an arch of 
obtuse or broad ogee form, rising 
about three feet from the slab, 
aud are placed on the north side 
of the church. 

Eaves. (Probably Fr.Eaux.) The 
lowest edges of the inclined sides 
of a roof which project beyond 
the face of the walls, so as to 
throw the water off therefrom, 
that being their office. 

Eaves’ Board, Eaves’ Lath, Eaves’ 

Catch. See Arris Fiixet. 

Ebony. The wood of a natural 
order of shrubby or arborescent 
exogens, chiefly inhabiting the 
tropics. Some species are re- 
markable for the hardness and 

blackness of their wood, which is ^ 

principally used for fiirniture. Ei^wn Cathetol 

Eccentricity. The dmerence of 

centre from another circle. The distance between the foci of an ellipse. 

Echea. (Gr. Hx««, I sound.) In ancient architecture, sonorous vessels of metal or earth, 
in the form of a bell, used in the construction of theatres for the purpose of reverberat- 
ing the sound of the performer’s voice. They were distributed between the seats, and 
are described in the flfth book of Vitruvius, wlio states that Mummius introduced them 
in Borne, after the taking of Corinth, where he found this expedient used in the theatre. 

Echinus. (Gr. Exu'os.) The same ns the ovolo or quarter round, though the moulding 
is only properly so called when carved with eggs and anchors. (See Anchor.) It 
is the shell or husk of the chesnut, though the ornament does not seem to bear much 
resemblance to it. 

Ecphora. (Gr. E/c, out, I bear.) A word used bv Vitruvius (lib. iii. cap. 3.) to 
signify the projecture of a member or moulding of a column, that is, the distance of its 
extremity from the naked of the column, or, according to others, from the axis. 

Ectypb. (Gr. Ektuitov.) An object in relievo, or embossed. 

Edge. (Sax. Gese.) The interteetion of two planes or surfaces of a solid, which therefore 
is either straight or curved according to the direction of the surfaces. See Arris. It 
is also that side of a rectangular prismatic body which contains the length and thick 
ness ; but in this sense of the terra, the body to which it applies is generally under 
stood to be very thin ; thus w e say “ the edge of a door,” “ the edge of a board,” meaning 
the narrow side. The edge of a tool is the meeting of the surfaces when ground to a 
very acute angle. 

Edoe Tools. Those which clip or shave in the operation of working. * 

Edging. In carpentry, the reducing of the edges of ribs or rafters, whether externally or 
internally, so as to range in a plane or in any curved surface required. Backing \Bf 3 k 
particular use of edging, and only applies to the outer edges of ribs or rafters ; but 
edging or ranging is a general term, and applies either to the backing or internal sur- 
face. See Backing. 

Edifice. (Lat. .^ificium.) A word synonymous with fabric, building, erection ; the 
word is, however, more usually employed to denote architectural erections distinguished 
for grandeur, dignity, and importance. 

Effect. (Lat E^io.) That quality in works of art whose nature is to give particular 
efficacy to other qualities, bo as to bring them out aud altract the eye of the spectator. 
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Boo AKD ToKGtrB. Ornaments used in the echinus, supposed by Quatremire de Quincy 
to have had their origin in the head of Isis, and, as he imagines, representing a mystical 
collar or necklace of the mundane egg and the tongue of the serpent of immortality ; 
but as we think, in the representation of much more simple objects, those of nature 
herself. See Echinus. 

Egyptian AncHiTBCTuiiE. In analysing the architecture of Egypt, three points offer 
themselves for consideration ; construction, form, and decoration. If solidity be a 
merit, no nation has equalled the Egyptian. Uniformity of plan characterises all their 
works ; they never deviated from the straight line and square. The decorations 
of the buildings were chiefly incised, or painted on plaster. The pyramids, temples, 
obelisks, statues, and rock-cut tombs, all attest the duration of a style doomed to 
become eternal. 

Egyptian Haij.. See (Ecus. 

Eueothbsium. (Gr. EAatoi/, oil.) In ancient architecture, an apartment in the baths 
wherein, after leaving the bath, the bathers anointed themselves. 

Elastic Curve. In mechanics, the figure assumed by an elastic body, one end of which 
is fixed horizontally in a vertical plane, and the other loaded with a weight which, by 
its gravity, tends to bend it. 

Elasticity. (Gr. EXoittij, a spring, from EAauvw, I draw.) In physics, that property pos- 
sessed by certain bodies of recovering their form and dimensions after the external 
force which has dilated or compressed them is withdrawn. It is only perfect when 
the body recovers exactly its primitive form after the force to which it has been sub- 
jected has been removed, and that in the same time ns was required for the force to 
produce the alteration. This is however a quality not strictly found in nature. 

Elbow. The upright side which flanks any panelled work, as in windows below the 
shutters, &c. 

Elevation. (Lat. Elevatio.) A geometrical projection drawn on a plane perpendicular 
to the horizon. 

Elizabethan AncHiTKcruEE. The name given to the mixed or debased, yet picturesque, 
style of architecture prevailing during the reign of queen Elizabeth of England, caused 
by the partial introduction of Italian art and its mixture with mediaeval details, with 
the requirements of greater civilization, leading to the purer examples displayed by 
Inigo Jones. ^ 

Ellipse or Ellipsis. (Gr. EXXc^iy, defect.) One of the conic sections produced by 
cutting a cone entirely through the curved surface, neither parallel to the base, nor 
making a subcontrary section ; so that the ellipsis, like the circle, is a cur^'e that returns 
into it-self and completely encloses a space. 

Ellipsograph. An instrument for describing an ellipsis by continued motion. 

Ellipsoid. See Conoid. 

Euliptio Arch. A portion of the curve of an ellipsis employed as an arch. 

Elliptic Compasses. The same as Ellipsograph. 

Elliptic winding Stairs. Such as are cased in and wind round an elliptic newel. 

Elm. (Lat. Ulmus.) A forest tree occasionally used in building, principally for weather- 
boarding to barns, and such-like sheds. 

Embankment. A term signifying any large mound of earth on the sides of a passage for 
water or other purposes ; alf«o for protection against the action of the sea. It is usually 
constructed of earth, and, when necessary to resist much force, cased with brick or stone. 

Embattled. A wall indented with notches in the form of embrasures on the top of a wall, 
parapet, or other building. It is sometimes called crenellated. 

Embattled Aronadb. See Aronade. 

Embattlbd-battlkd Line. A straight line bent into right angles, so that if there be 
three sets of parts, one set may be parallel to those of the other two. 

Embattled Buildings. Those with embrasures in the parapets, resembling a castle or 
fortified place. 

Embossing or Embossed Work. (Fr. Bosse, a protuberance.) The raising or forming 
in relievo any sort of figure, whether performed with the chisel or otherwise. It is a 
kind of sculpture, in which the figures rise from the plane on which they are formed, 
and as they are more or less prominent they are said to be in alto^rnuno^ or ha990 relieoo. 

Embrasurb. An opening made in the wall or parapet of a fortified place; it is also called 
a crend. The term is also applied to an enlargement within the sides of a window, 
in which sense it is the same as Splay. 

Emflbcton. (Gr. EMirXe»w, I entangle.) Among the ancients, a method of constructing 
walls, in which, according to Vitruvius, the front stones were wrought fair and the 
interior left rough and filled in with stones of various sizes. 

Encabpus. (Gr. Zw and ica^oy.) Tho festoons on a frieze, consisting of fruit, flowers,' 
leaves, &c. 

Encaustic Work. An ancient mode of painting, in which the execution was accom- 
plished by the application of heat. It would appear as if one process consisted in 
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aibdng the tints in hot wax, which were then applied on the Vail ; and another, to coat 
the wSll with wax after the tint had been giren to the wall, rubbing in Well the wax 
with hot cloths. 

EwcAusnc Tims. Tiles of earthenware used as paving. They are coloured and glazed, 
and formed to shapes for ^tterns. 

£nj> op a StoNB, Brick, &c. The two parallel sides which form the vertical joints. 
Ekdecaoon. ^Gr. EvUcjca, eleven, and VtovM, an angle.) A plain geometrical figure bounded 
by eleven sides. 

Knoagsd Columns. Those attached to walls, by which a portion of them is concealed. 

They never stand less than half their diameter out of the wall to which they are attached. 
English Bond. In brickwork, the laying one course of bricks all headers, and the next 
course all stretchers, when for a one-brick wall. 

Ensemble. (Fr.) A term denoting the masses and details considered with relation to 
each other. 



It has been adopted in the lines of a spire. 

Enter. (Verb.) In carpentry and joinery, the act of inserting the end of a tenon in the 
mouth of a mortise previous to its being driven home to the shoulder, 

Entebclosb. a passRge between two rooms. 

Entresol. (Fr.) A low story over another one, both coming witliin a story equal in 
height to both. See Miszzanine, 

Envelope. (Verb.) The covering of a portion of the surface of a solid with a thin sub- 
stance or wrapper, which in all points or parts comes in contact with the surface of such 
surface. To develop the surface of a solid is to find the envelopes that will cover its 
different parts. 

Eofyla. (Gp.) A church with an apsis at the eastern end. 

Eothola. (GrJ A church with an apsis at the western end. 

Ephbbbzum. (Grr.) A building, in ancient architecture, for the exercise and wrestling of 
the youth, 

Epicranitis. (Gr.) A name given by the Greeks to the tiles forming the <yma or upper 
member of the comice of their temples. 

Epicycloid. (Gr. EvucukAos, and E(9os, form.) In geometry, a curve line iterated by the 
revolution of a point in the circumference of a circle, wMch rolls on the drcumference 
of another circle, either externally or internally. 

Episcbnium. (Gr. Eri, upon, IZicritmi, a scene.) In ancient architettnre, the upper order of 
the scene in a theatre. 

EnsTTuxjx. (Gr. Ewt, upon, SrvXor, column.) The same as Abohitbavs. 

EpmTHBDBB. (Gr. Evt, upon, I ]^aee.) The crown or upper mouldings of an 

entablature. 

Equianqulab. Having equal angles. 

Equidistant. At e^u^ distances, 

^UILATEBAL. HsviDg equal sides. 
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EamXATERAL Arch. An arch formed of two eegmente of cireleai whose centres are at the 
spring of the arch on each side, and if united with the point 
of intersection or apex of the arch form an eqnilatenil 
triangle, as shown in fig. 1404. 

EQTTiLiBRnjM. In mechanics, an equality of forces in mposlte 

' directions, so as mutually to balance each other. For the 
arch of equilibrium^ see Catenary Curve. 

Fremacausis. Slow combustion, which takes place in timber, 
and is the cause of its decay. 

Eroastuluh. In ancient architecture, a name given by the 
Romans to a prison or house of correction, where slaves, by 
the sole authority of their masters, were confined for their 
offences and subjected to hard labour. By tlie Greeks these 
buildings were called sophroniateria. 

Escape. That part of the shaft of a column where it springs 
out of the base moulding. It is also called the apojphyge^ 
and in French, conge, Pipr. 1404. 

Escutcheon. A shield for armorial baarings, a mode of deco- 
ration extensively used in Gothic architecture. It is also a plate for protecting the 
keyhole of a door : or one to which the handle of a door is attached. 

Estimate. The computed cost of works before they are commenced. 

Estbabe. An even or level space ; a public road. 

Etruscan ButLDiNas. The inhabitants of Etruria, a country of Italy, and now called 
Tuscany, are supposed to have been a colony Greece. Great solidity of con- 
struction is the prominent feature, enormous blocks of stone forming the high walls 
of fortified places. Their other works are tombs, in which are found works of art of 
high merit, especially the vases of red ware with black figures and ornamentation. 

Eurithmy. (Gr, ^vpvBpia, justness of proportion.) The regular, just, and symmetritHl 
measures resulting from harmony in the proportions of a building or order. Vitruvius 
makes it one of his six essentials. 

Eustyle. (Gr. Eu, well, and SruAoy, column.) See Colonnade. 

Evaporation. (Lat.) The conversion of substances into vapour, during which process 
a considerable quantity of sensible heat passes into the latent or insensible state. 
The circumstances which principally influence the process of evaporation, are extent of 
surface, and the state of the air in respect of temperature, dryness, stillness, and density. 

Evolute. (Lat. Evolvo.) In the theory of curve lines, is a curve from which any given 
curve may be supposed to be formed by the evolution or iin lapping of a thread from a 
surface having the same curvature as the first curve. The curve thus generated is 
called the involute curve. 

Excavation. (Lat.) The digging out or hollowing the ground for the foundations of a 
wall or of a building, or of a floor below the level of the ground. 

Exchange. A place of meeting and resort for the merchants of a city to transact th# 
affairs relating to their trading. There is every reason to believe that the ancient 
basilica served at the same time for the accommodation of the officers of the law and for 
the assembling of the merchants. All modern cities with any pretension to commerce 
have some place appropriated to the reception of the merchant, to which at a certain 
hour he resorts. Sometimes it is a place surrounded with porticoes and planted with 
trees. Often it is a building, including several porticoes, surrounded by offices for the 
bankers and money-changers, which latter use has given among us the name of exchange 
to the building. 

The exchange is, perhaps, next in importance to the town hall, and should be com- 
mensurate in appearance and accommodation with the wealth and consequence of the 
city; it should, moreover, if possible, be placed in the most central part. 

The Exchange at Amsterdam seems for a long time to have prevailed as the model 
for all others. It was commenced in 1608, and finished in 1613, and its architect was 
Cornelius Bankers de By. It is about 271 feet long, and about 162 feet wide. 

The Bowrae at Paris has always been considered an admirable model, both in 
distribution and design. The ^ifice was begun in 1808, from the designs of 
Brongniart, and completed by Labarre at a much protracted period. The gener^ form 
on the plan is a parallelogram of 212 feet by 120 feet. It is surrounded by an 
unbroken peristyle of sixty-six Corinthian colnmns, supporting an entablature and 

‘ attic. The peristyle forms a covered gallery, to which the ascent is by a flight of 
steps extending the whole width of the western front. In the centre of the parallelo- 
gram is the aaXle^ or great hall, 116 feet long and 76 feet broad. It conveniently 
contains 2,000 persons. At its sastem end is a circular space railed off for the con- 
Todfence of the agtna de change \ these only are admitted within it, and to it there 
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is a communicatioB from Gieir hall of business. On the righbare rooms for the oonif 
mittee and syndicate of the a>gen$ de change^ for the courtiers de commerce^ and a hall 
of meeting for the latter. From the ga]lery«a8 on the ground floor, a corridor extends 
round the Scdlcy communicating -mth the Chamber of Commerce, the Court of Bank- 
ruptcy, and other public offices. The cost of this elegant building was about 326,000/. 

l?he lioyal Exc^nge in London was erected from the design of the late Sir 'William 
Tite, and opened October 1844f at a total cost of about 150,000/. It is 308 feet long, 
^and 119 feet wide at the weit end, but 176 feet at the east end. The central area» 
which is uncovered as above noticed, is 111 feet by 53 feet, and with the arcades (21 
feet wide) surrounding it, 170 feet by 1 12 feet. This was originally left uncovered, but 
a fine glazed roof was put over it in 1886 by Charles Barry. The subscribers' room of 
Lloyd’s is 100 feet long by 48 feet wide; the commercial room on the north side is 
86 feet long and 40 feet wide. The ambulatory was highly painted and decorated in 
encaustic by Fred. Sang. 

The Stoci Exchange was rebuilt in 1864 by Thomas Allason, jun , but in 1886-7 it 
was enlarged to about double the size, with numerous additions, by John J. Cole. It 
is somewhat in the form of a Greek cross, having a dome of timber with skylights, 
39 feet in diameter. It will hold about 1,200 members, but it is seldom all are present. 
Fireproof strong rooms with lockers are provided for the custody of securities. 
Besides the “ house ” or large reading and refreshment rooms, there are offices for 
brokers in the houses communicating. 

The Coal Exchange was rebuilt in 1849, by the late Mr. J. B. Banning, City archi- 
tect. It consists of offices on several floors around a central hall 60 feet diameter, and 
74 feet high to the top of the dome ; it is formed principally of iron, and is decorated 
with representations of nature found in the coal measures, &c. 

The Exchange Buildings at Liverpool, formerly one of its grandest buildings, erected 
in 1801, by Mr. Foster, seo., has been lately rebuilt by Mr. Thos. H. Wyatt, of London, 
on a much larger scale. The area of the Corn Exchange there is 100 feet by 98 feet, 
divided iuto three aisles by two rows of iron columns, the centre having curved iron 
ribs supporting the roof. There are 170 stands for the merchants. The architect was 
Mr. J. A. Picton, and it was erected 1861-63, at a cost of 11, 000/. 

Corn exchanges, or corn markets as they are usually called, are now to be seen in 
every important town. In 1866, when that at Coventry was built, it was stated to be 
“ the largest hall of the sort,” being 110 feet long, 66 feet wide, and 46 feet high ; 

. across the galleries it was about 74 feet wide. The Corn Exchange, in Mark Lane, is 
the greatest corn market in the world. Though the first site had been increased in 
area, additional space was acquired, and in 1878 a new exchange was in course of con- 
struction from the designs of the architect, the late Edward I'Anson. It is about 100 
feet wide ; the front part is 40 feet deep, and in rear is a nave of 60 leet with aisles 
on three sides of 20 feet each, the centre having a semicircular roof of iron, the aisles 
arched in iron. 

Exhkdka. (Gr. E{, out of, and 'E3pa, a chair.) In ancient architecture, a small room in 
the baths and other buildings appropriated for conversations. Soo Apsis. 

Exostka. (Gr.) In ancient architecture, a machine for representing the interior part of 
a building as connected with the scene in a theatre. 

Expansion. One of the ordinary effects of heat, which enlarges the bulk of all matter. 
Though the expansion of solids is by increase of temperature comparatively small, it 
may be render^ sensible by carefully measuring the dimensions of any substance when 
cold and a^in when heated. Thus an iron bar fitted to a gauge, showing its length 
and breadth, will when heated no longer pass through the apertures. The metals are 
most expansible by heat and cold. The following exhibits the change whfch some of 
them undergo when heated from the freezing to the boiling point of water 
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(Eankine, Manual of Civil Eng,f 1864). 


Extrnsion. (Lat.) One of the general properties of matter, being the quantity of space 
which a body occupies, its extremities in every direction limiting or circumscribing the 
.matter of that body. It is the magnitude, size, or bulk of a body. 

External or Exterior. A term of relation applied to whatever is on the surfkee or 
outside of a body, as opposed to internal or interior. External Wall, see Wau* 
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l| 2 <XTaAB 08 . The exterior curve of an arch. The term is generally used to denote the 
upper curve of the vomtoin or stones. See Iittrados. 

EtR. A general term signifying the centre of any part : thus the eye of a pediment is a 
circular window in its centre. The eye of a dome is the horizontal aperture on its 
summit. The eye of a volute is the circle at the centre, from whose circumference the 
spiral line commences. See Bull’s Eye. 

Eyekbow. a name sometimes given to the fillet. 

F 

Fabric. (Lat.) A general term applied to a large and important building. 

Fa(;ade. (Fr.) The face or front of any building towards a street, court, garden, or othex 
place ; a term, however, more commonly used to signify the principal front. 

Face Mould, The name applied by workmen to the pattern for marking the plank or 
board out of which ornamental hand-railings are to be cut for stairs or other works. 

Face op a Stone. The surface intended for the front or outward side of the work. Tha 
back is usually left rough. Stones should be faced in the opposite direction of their 
splitting grain. 

Facettes. (Fr.) Flat projections between the flutes of columns. 

Facia op Fascia. (Lat.) A flat member of an order or of a building, like a flab 
band or broad fillet. The architrave, when subdivided for instance, has throe bands 
called fasciee^ whereof the lower is called the first fascia, the middle one the second, 
and the upper one the third. 

Facing, That part in the work of a building seen by a spectator ; but the term is usually 
employed to signify a better sort of material, which masks the inferior one used 
internally. 

Factablino. The same as Coping. 

Faldstool. A moveable reading desk provided with a kneeling shelf at the foot thereof. 

Fall op Land. A measure used in Scotland, equal to 86 square yards. 

Falling Moulds. The two moulds applied to the vertical sides of the railpiece, one to 
the convex, the other to the concave side, in order to form the back and under surface 
of the rail and finish the squaring. 

False Attic. An attic without pilasters, casements, or balustrades, used for crowning a 
building, as at the gates of St. Denis and of St. Martin, at Paris. 

False Bearing. See Bearing Wall. 

Fame Roop. That part between the ceiling of the upper floor and the covering of the roof. 

Fan Tracery or Vaulting. A system of vaulting uaed in the Perpendicular period, in 
which the ribs spring from slender shafts or corbels at the side, and then diverge and 



Fig. U05. Tong Ohurob> Shropehire. 


^^spresd themselves over the vaulting, presenting an appearance similar to the frame- 
work of a fan. This fan sometimes also springs from a pendent in the vaulting meet- 
ing the other fisn work, oM in fy, 1405. Pend^. 
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F&xa. Tl^e narrow part of tlie catting iron of any tool which passes into the stock. 

FaKiTM. (Lat) A P^ace consecrated to religion, including the building and ground 
belonging to it. Those temples erected to the memory of distinguished persons wort 
called /ana by the ancients. 

Fabiulbia. See Gbakabt. 

Fascia. See Faqa. 

Fastigium. (Lat.) See Pkdimhnt. 

Fathom, (Sax.) A measure of six feet, taken from the extent of both arms when 
stretched out in a right line. It is chiefly used in measuring the depth of water, 
quarries, wells, or pits. 

FeathbiI'Bdoed. a term applied to any thin body whose section is trapezoidal ; that is, 
thicker on one edge than on the other. See Boabd ; Copihq. 

Feathbbings. The plain or decorated, at the ends of a foil in tracery. 

Fuedeb. a cut or channel by which a stream or supply of water is brought into a canal. 
Sometimes the supply itself of the water is so called. 

Feeding House or Shed. A farm-building for stalling and fattening neat cattle. It 
should be in a dry warm situation, capable of free ventilation, and supplied with proper 
conveniences for food and water. 

Felt Gbain. That position of splitting timber which is cloven towards the centre of the 
tree, or transversely to the annular rings or plates. The transverse position, or rather 
that which is in the direction of the annular plates, is called the quarter grain. 

Felting. The act of splitting timber by the felt grain. 

Femub. See Teiglyph. 

Fence. (Lat. Defensio.) Any sort of construction for the purpose of enclosing land, as l 
bank of earth, a ditch, hedge, wall, railing, paling, &c. 

Fendkb. a dwarf wall in the basement of a house, built up to carry the front hearth of 
a fireplace. 

Fendbb P11.BS. Those driven to protect work, either on land or in water, from the con 
cussion of a movinc; body. 

Fknestbation. a design in which the windows are arranged to form the principal 
feature. 

Festoon. (Fr.) A sculptured representation of flowers, drapery, and foliage, looped or 
suspended at intervals on walls. The festoon was much used on friezes, altars, tablets, 
also over or under niches, as well as in many other situations. 

Figube. In a general sense the terminating extremes or surface of a body. No body 
can exist without figure, or it would be infinite, and all space solid matter. Figure, in 
geometry, is any plane surface comprehended within a certain line or linos. 

Fillet. (Fr. Filet.) A narrow flat band, listel, or annulet, used for the separation of 
one moulding from another, and to give breadth and firmness to the upper edge of a 
crowning moulding, as in a cornice. The small bands between the flutes of a column 
are called fillets. See Annixet, Band, and Facbttb. 

Fillet. In carpentry or joinery, is any small timber scantling equal to or less than 
battens. Fillets are used for supporting the ends of boards by nailing them to joists or 
quarters, &c., as in sound boarding, and in supporting the ends of shelves. 

Fiixht Gutter. A sloping gutter, with a learboard and fillet thereon, to divert the 
water. 

Filling in Pieces. In carpentry, short timbers, less than the full length, fitted against 
the hips of roofs, groins, braces of partitions, which interrupt the whole length. 

Fine Set. When the sole of a plane iron only projects sufficiently to take off a very thin 
shaving of wood. 

Fine Stubt. Plaster used in common ceilings and walls for the reception of paper 01 
colour. It is composed of lime slaked and sifted through a fine sieve, then mixed with 
a due quantity of hair and fine sand. 

Finial. In Gothic architecture, the top or finishing of a pinnacle or gable, as it is now 
generally understood ; but in ancient documents t£e term was used to denote an entire 
pinnacle. The carved tops of bench ends are also called finials. 

Finishing. A term frequently applied to the termination of a building; but more espe- 
cially to the interior in the plasterer’s work for the last coat, and onen to the joiner’s 
work, as the architraves, bases, surbases, &c. 

Fir. a forest tree, extensively used in building, both for beams and for deals. 

Fir Poles. Small tranks of fir trees, from ten to sixteen feet long, used in rustic build* 
ings and outhouses. 

Fir in Bond. A technical expressicn to denote lintels, bond timbers, ‘wall plates, and 
all timbers built in t^s. See Bond. 

Fir framed. Hough timber framed, but which has no^ undergone the action of planing. 

Fn wrought; That planed on the edges and sides. 

Fib wrought and framed. That which is both planed and fframed. 

Fib wrought, framed, and bbbatbd. That which is planed, ftained, and xebatsd. 
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wiiotJG^, FRAMED, REBATED, AND BEADED. The Same 08 the preceding article, with 
the addition of beading. 

Fir no Labour. Rough timber employed in walli, without planing or framing. 

Firk-flagb. See Chimney. 

Fire-stone. That which resists the action of the fire. A species of it is used in joinery 
for rubbing away the ridges made by the cutting-edge of the plane. 

Firmer Tool. A chisel used by joiners with a mallet, by which the sides of mortises 
are formed. 

Firrino. See Furrino. 

First Coat. In plastering, the laying the plaster on the laths, or the rendwing, as it 5« 
called, on brickwork, when only two coats are used. When three are used, it is called 
fricking-uy when upon laths, and roughing4n when upon bricks. 

First Floor. ^ Generally the floor over the ground floor. Where there is a basement to a 
building as in a country mansion, the floor orer is often called the “ principal floor.” ^ 

Fish. (Verb.) To secure a piece of wood by fastening another piece above or below it, 
and sometimes both to strengthen it. 

Fished Beam. A long beam formed of two short beams placed end to end, and covered by 
a long piece of wood placed over and under the joint, the whole being secured together by 
bolts. Sometimes these latter pieces are indented to the beams as a further security. 
Scarfinq is a somewhat similar operation. 

Fistuca. ^ (I^t.) A pile-driving instrument with two handles raised by pulleys, and 
guided in its descent to fall on the head of a pile so as to drive it into the ground, being 
what is by the workmen called (but improperly so) a monkey. 

Fixture. A term applied to all articles of a personal nature affixed to land. This annex- 
ation must be by the article being let into or united with the land, or with some sub- 
stance previously connected therewith. 

Flags. Thin stones used for paving, from one and a half to three inches thick, and of 
various lengths and breadths, according to the nature of the quarry. See Landing. 

Flake White. In painting, lead corroded by the pressing of grapes, or a ceruse prepared 
by the acid of grapes. It is of Italian manufacture, and for the purity of its white far 
surpasses the white lead of this country. 

Flamboyant Period. The term applied to a period of mediseval architecture in France, 
in which tlie mullions and tracery terminate in waved lines of contrary flexure in flame- 
like forms. Examples of it occur about the beginning of the 16th century, and con- 
tinue down to the middle of the 16th, being coincident nearly with the latter part of 
the period of our Ornamental English, and the whole period of the Florid English, or 
Tudor, style. 

Flange. A projection round the edge of a pipe or other article of metal, to admit of its 
being fastened to a similar projection by screws, rivets, or bolts. The pieces 

of wrought iron, used in girder work, are also called “flanges,” and are employed for 
securing iron plates at right angles to each other, and for suspending one piece of work 
to another. 

Flank. (Fr. Flanc.) That part of a return body which joins the front. In town houseE 
the party-walls are the flank walls. Same as End. 

Flashing. (Probably from Fr. Flaque, a splash.) Pieces of lead or other metal let into 
the joints of brickwork so as to lap over the metal of gutters, or along the slating of a 
roof, and thus prevent the rain getting access behind the latter, and so injuring the 
interior works. 

Flat. That part of the covering of a building laid horizontal, or sufficiently sloping to 
throw off the water, and finished with lead or other material, perhaps to be walked upon. 

Flattino. In house painting, a mode of ]paintiDg in oil, in which the surface is left, when 
finished, without any gloss. The matenal or paint is prepared with a mixture of oil 
of turpentine, which secures the colours, and when used in the finishing, leaves the paint 
quite dead. The process is of use where it is desirable that the surface painted should 
retain the colour. It is only used for inside work and in the best apartments. Nut oil 
and poppy oil may be used for the purpose, both of which are good media for the 
colour. 

Flemish Bond. In brickwork, the laying of each course of bricks as headers and stretdiers, 
one course breaking joint with that over and under it 

Flemish Bricks. A species of bricks used for paving, whereof seventy-two will pave a 
square yard ; they were originally imported from Flanders, are of a yellowish colour, 
and harder than common bricks. 

FtiBUR-DB-Lis. An ornament like a lily, and often used as a finial ; it is a favourite form 
in decoration. 

Flexibility. (Lat. Flecto.) That property of bodies which admits of their bending. It 
is opposed to stiffheM on the one nai^ and brittlenesi on the dther; stiff bodies being 
such as remst bending, and brittle bodies those which cannot be bent without a diamjH 
lion of their parts. 
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Flbxueb. The bending or euMr^ of ti line or fnxrface. The point of xtontrary flexure ii4 
that point of a curve V7here*the cvdJvature altera from convex to concave, w the reverse, 
as respects the fitst direction df the curve. 

Rlight op In a staircase is theheries of steps from one landing place to another. 

Thus, th<$ same staircase between one 'floor and another may consist of more than one 
flight steps ; the flight beii)g reckoned from landing to landing. See Floor. 

Flint. A material used in building walls where chalk abounds. Common flints are 
nearly pure ailioa. They usually occur in irregular nodules in chalk. Their origin is 
still an unsolved geological problem. 

Float. In plastering, a long rule with a straight edge, by which the work is reduced to 
a {dane sur^e. 

Floated Lath and Plaster. Plastering of three coats, whereof the first is pricktng-up, 
' the second, floating or floated work ; and the last, pf fine stuff. 

Floated Wobil Plastering rendered perfecUy plane by means of a Float. 

Floating Screeds. Strips of plaster previously set out on the work, at convenient inter* 
vaIs, for the range of the floating-nile or float 
Floor. (Sax. Flope.) The pavement or boarded lower horizontal surface of an apartment. 
It is constructed of earth, brick, stone, wood, or other materials. Carpenters include in 
the term the framed timber work on which the boarding is laid, as well as the boards 
themselves. In carpentry, it denotes the timbers which support the boarding, called 
also naked Jlooring and carcass flooring. 

The term floor is, moreover, applied to the stories of a building, as basement floor ^ 
ground floor^ &c. When there is no sunk story, the ground story becomes the basement 
floor, and the next floor Xhc principal floor, containing the principal rooms ; in many 
country houses they are on the ground floor, but in those of the town mostly on the 
one pair floor. The expressions, one pair^ two pair, &c., imply a story above the first 
flight of stairs from the ground, and so on. 

Floor. Folding or Folded. One in which the floor boards are so laid that their joints 
do not appear continuous throughout the whole length of the floor, but in bays or folds 
of three, four, five, or more boards each. 

Floor. Straight Joint. That in which the floor boards are so laid that their joints or 
edges fori^ a continued line throughout the direction of their length ; in opposition tc 
folding ftaof', vrhereint^ieiointB end infolds. 

Floor Cloth. Stout canvas covered with coarse oil paint, and then printed with a pattern, 
more or less elaborate. It should be thoroughly dry before being used, else it soon 
wears out. Kamptulicon, a preparation of caoutchouc and ground cork ; and Linoleum, 
produced from oxydised linseed oil mixed with ground cork, and rolled on to strong 
canvas, are late and good substitutes for the common floor cloth. Corticine, and Cork 
are other similar materials ; Boulinikon, or buf^lo hide floor-cloth, is a 
late candidate for public favour. 

Floor Jomrs. The joiste supporting the boards of the floor ; but when the floor consists 
of binding joists, which are secured into the girders, and bridging joists, the bridgings 
are never called floor joists. 

Floriated. Carved in imitation of flowers or leaves, either conventional or natural, and 
generally applied to decorated capitals, corbels, and bosses. 

FiiORiD PERIOD of English mediseval architecture Is the same as the Pespendiculab 
PERIOD, and is also called the Tudor style. 

Flub. The long open tube of a chimney from the fire-place to the top of the shaft, for 
voidance of the smoke. See Ohihney. 

Fluing. The same as Splayed. 

Flusil (Lat. Fluxus.) A term used by workmen to signify a continuity of suifltce in two 
bodies joined togetW. Thus, in joinery, the style, rails, and muntins are usually made 
flush ; that is, the wood of one piece on One side of the joint does not project or recede 
from that on the other. 

Flush. In masonry or brick-work, the aptitude of two brittle bodies to splinter at the 
joints where the stones or bricks come in contact when contiguous in a wall. 

Flush. (Verb.) A term to denote the complete bedding of masonry or brick- work, in 
the mortar or cement used for the connection of the stones or bricks, so as to leave no 
vacant space where the stones or bricks do not nicely fit in their places. 

Flusqholt. a bolt of iron or brass let into the woodworii: so that it does not project 
beyond the facQ of it The bolt has to be worked by the thumb or a finger. 

Flutes or Flutxhos. Upright channels on the shafts of columns, usually ending bemi* 

’ spherically at top and bottom. Their plan or horizontal sectioii is sometimes circular 
or segmental, and eometimes, as in the Grecian examples, elliptical. The Boric eoluma 
has twenfy round its circumference ; the Ionic, Corintnian, and Composite have twenty*^ 
four. The Tuscan column is never finted. Flutes are occasionally cMsd, See Cabul 
FlybbIi. . Steps in a flight of stairs that are parallel to sach other. See Wnma. 
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FtviKa BuTTtoms. Al buttrealn the form of aa ap^i, Bpfiu^ng from a solid mass of 
masonry, and abutting against the springing of anothehe archiririch rises from the upper 
points of abutment of the first. It is employed ia most of the cathedrals, and its office 
IS ^ act as a counterpoise against the Vaulting of , the nave. If dying Httresses were' 
built solid from the ground, it is obvious that they would interfere with" the vista along 
the aisles of the church ; hence the project of continuing a resistance by means of arches. 
Their stability depends on the resistance afforded by the weight of the vertical buttress,' 
whence they spring. See Arobootant and Buttress, 

Focus. In geometry and the conic sections, a point op the concave side of a eiprve, to 
wliich the rays are reflected from all points pi suph curve. 

Fodder or Fothbb. A weight among the plumbers of London of lOj cwt, , 

F(ekilia. (Lat.) See Granabt. 

Foil. The small arcs in the tracery of Gothic windows or panelling. See Cusp. 

Folded Floor. See Floor. 

Folding Doors. Such as are made to meet each other from the opposite iambs to which 
they are hung ; and when they ore rebated together, their edges meet folding ever each 
other, with a bead at the joint, to give the appearance gf one entire door. 

Folding Joint. A joint made like a rule-joint or the joint of a hioge. 

Foliage. A sculptured group of the leaves of plants and flowers, so arranged as to |brm 
architectural ornaments, as in friezes, panels, &c., and in the capitals of the CprinthiaR 
and Composite orders. 

Foliation. The use of small arcs or foils in forming tracery. 

Font. A vessel, genemlly of stone or metal, for containing the water of baptism in the 
Christian Church. The body of the font is usually a large block of stone hollowed out, 
and supported by a short column, single or cluster^, and elevated on a base ; sometimes 
two or three steps lead to the platform on which the font may be flxe<L Ancient 
examples occur where they are m^uie of metal. Some of the early fonts are extremely 
beautiful, and wrought with great richness of decoration. The singular inscripticn 
frequently found on the walls of baptisteries occurs also occasionally on ancient fonts : 
NIWON ANOMHMATA MH MONAN OWIN, which, reading equally well both ways, admo- 
nishes the reader to cleanse himself from sin, not less than to use the outward ceremony 
of baptism. 

Foot. (Germ. Fuss.) A measure of length, but used hUo in a sense which expresses sur- 
face and solidity. Thus we say, a toot superficial and a foot cube. As this term i^sed 
in almost all languages as a linear measure, it bas doubtless been derived from the 
length of the human foot. It seems in all other countries, as in England, to be divided 
into twelve equal parts, or inches. See Mbasdrbs. 

The English standard foot (31 Edvr. 1.) i8»12 lineal English inches-* 36 barley- 
corns == 16 digits 4 palms *>3 hands » 5^ nails »li 8panB»l'515l Gunter's links ^ 
•938306 ft, of France » *3047 met. of France. The foot is divided by geometricians into 
10 digits, and each digit into 10 lines, &c. The French, as the Englm, divide the foot 
into 12 inches, and ihe inch into 12 lines. The foot square or superftcial la a foot each 
way, and contains, therefore, 12 x 12 s 144 superficial inches » 2^2 9568 4 square links. 
The glazier's fpot in Scotland* 64 square Scotch inches. The Scotch foot is tQ the 
English foot as 1 066 to 1*000, being in fact the French foot. 

The length of the foot varies in different countries. The Baris royal foot exceeds 
that of England by 9^ lines. The ancient Homan foot of the Capitol consisted of 4 
palms *=11 A English inches. The Khinland or Leyden foot, used by the northern 
nations of Europe, is to the Homan foot as 950 to 1000. The following table exhibits 
the length of the foot in the principal places of the Continent, the En^ish foot being 
divided into 1000 parts, or 12 inches : — 



Parta 

Ft. 

In. Ltnes, 

London 

lOOd 

9 

n. 

0 

Amsterdam - - - • - - - 

94i^ 

0 

11 

2 

Antwe^ - - - - 

946 

0 

u 

8 

Bologna 

1204 

r 

2 

4 

Bremen 

964 

0 

11 

6 

Cologne 

954 

0 

11 

4 

Copeohagen 

965 

0 

11 

6 

Dankzig 

944 

0 

11 

8 

Dort - 

USA 

1 

2 

2 

FrBnkfbrt-on4he-Maine 

94$ 

0 

U 

4 

Lorraiu 

959 , 

fl 

11 

5 

Hantm^ 

i569 • 

1 

6 

9 


4N 
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nBi 



Parts. 

' # 

Ft. Ja. Lines. 

1 - 

Mechlin 

919 

0 11 0 

j Middleburgh 

0^1 

0 119 

Paris royal foot, according to Greaves - - - 

1068 

1 0 9*7 

according to Bernard - - - 

1066 

1 0 9*4 

— according to Graham, from tho mea- 



Bare of half the toise of the Ghatelet, the toise 



being six Paris feet ------ 

1065'416 


. — ^ — according to Mounier - - - 

1065*851 


■ from the two last - - - 

1065*4 

1 0 9*4 

Prague 

1026 

1 0 3 

Rhinland or Leyden 

1033 

1 0 4 

Riga - - ‘ 

1881 

19 9 

Rome --------- 

967 

0 11 6 

Strasbourg 

920 

0 11 0 

Spanish 

1001 

1 0 0 

l^ledo 

1 899 

0 10 7 

Turin 

1062 

1 0 7 

Venice - 

1162 

1 1 9 

Greek 

1007 

1 0 1 

Old Roman, according to Greaves - - - - 

967 

0 11 6 

front the monument 



of Statilius 

972 

0 117 


Mr. Rnper {Philos. IVana. vol. li.), from various authorities, determines rlie niwin of 
the Roman foot to be nearly 958 parts of the London foot ; and he considers that befori* 
the reign of Titus the Roman foot exceeded of the London foot, and afterwards, 
in the reigns of Severus and Diocletian, it fell short of 905, Oagnazzi, from examina 
tion of the monuments of antiquity in Herculaneum and Pompeii, determines the Roman 
foot at *29624 metre, which, the metre being 3*2808992 English feet, would make the 
old Roman foot of the English foot. 


List of feet of all countries as drawn up by Dr. Thomas Young from Hutton, Cavalloi 
Howard, Vega, and others : — 






English Foot. 



Bngll®h Feet. 

Altdorfffoot - 




•776 

Hutton. 

Copeubogon foot • 


1-049 

H. 





f-m 

H. 

Cracow foot - 


1-109 

H. V. 

Amsterdam foot 




\ *980 

Oavallo. 

Cracow greater ell - 


2-0*24 

V. 





(•981 

Howard. 

Cracow gmallor ell - 


1-866 

V. 

Amsterdam ell 




2-238 

0. 

Dwfitsic foot • 


•9-23 

H. 

Ancona foot - 




1-282 

H. 

1 

II 

s& 


1-119 

H. 

Antwerp foot - 




•940 

H. 


•547 

H. 

Aquitoiafoot • 
Anesfoot 




M28 

H, 

Leninmrk foot • 


1-047 

H. 




•888 

H. 

Dijon foot 


1-030 

H. 

Aontmrg foot 
Avignon ax Arles. 




•972 

H. 

Dordrecht foot 


•771 

H. 






Dresden foot - 


•929 

Wolfe. 

Boroelona foot 




•992 

H. 

Dresden ena2 feet • 


1-867 

V. 

Boole foot 




•941 

H. 

Forrara foot - 


1-817 

H. 

Bavarian foot - 




•968 

Bdgol. 

Florence foot • 


•996 

H. 

Bergamo foot - 
Berlin foot 




l’48l 

•902 

H. 

H. 

Floronoe braocio 


f 1-900 1 

1 l-9t0 

' Cavallo. 

Berne foot 




•962 

Howe. 

Franche Comt6 foot 


1-172 

H. 

Beeoncon foot • 




1-016 

H. 

Frankfort ss Hamburgh 



H. 

Bologna foot - 




(1*244 

11*260 

H. 

Cavallo. 

Genoa palm - 


f-812 
] *809 

H. 

Bonrg en Bresse foot 



I'OSO 

H. 


1*817 

CavoUa 

Brabant oil. In Germany - 


2-268 

Vega. 

Genoa oanna • 


7-800 

0. 

Bremen foot • 




•966 

H. 

Geneva foot - 


1-919 

H. 

Brescia foot - 




1*660 

H. 

Grenoble » Doupblnd, 



Breedian broccio 




2’092 

0. 

Haarlem foot • 


•987 

H. 

Breslon foot - 




1-126 

H. 

Halle foot 


•977 

H. 

Bruges foot • 




•T40 

H. 

Hamburgh foot 


'988 

H. 

Brussels foot • 
BnismUi, greater ell 



(•002 

1- 904 

2- 278 

H. 

V. 

V. 

Heidelbeiv foot 
Ins^ckfoot • 
LegWnfbot • 


•908 

1-101 

•992 

H. 

H. 

H. 

Bmssels, lesser ell 

« 



2^246 

V. 

Leipiig foot - 


l-OM 

H. 

OastUien vara - 

• 



2-746 

0. 

Leipsigall 


1-888 

H. 

Cbamberv foot 

- 



1107 

H. 

Leyden foot - 


1*028 

H. 

Ghina motbematical foot 


1127 

H. 

Liem foot 

LUbon foot - 
1 Lucca braodo - 


*944 

H. 

China imperial foot 

- 


f 1-061 

1 1*060 

H« 

V. 


*962 

1*916 

F. 

H. 

Cblnesolt 

• 

- 


606-000 

0. 

loronsssDattphiud. 


Slogan foot • 
CoDstar.tiDork 

V 

• 


•908 

ft-m 

11166 

H. 

E. 

. ICodrklfbot • 

1 Kodrldvara • 

0- 

(•916 

1*918 

9*968 

H. 

How, 

a 




GLOSSARY. 


fm 


f 

Maastricht foot 

Malta palm .... 

Haotaa brasso 

Mantuan braccio= Brescia 

HarseiUes foot 

MeohUn foot .... 
Mentz foot .... 
Milan decimal foot ... 
Milan aliprand foot. 

Milanese bracdo ... 
Modena foot .... 
Monaco foot .... 
Montpellier pan ... 
Moravian foot .... 
Moravian ell . 

Moscow foot .... 
Munich, foot .... 

Kaplos palm .... 
Naples canna .... 
Nuremburg town foot . 

Nuremburg country foot 
Nuremburg artillery foot 
Nuremburg ell ... 
Padua foot .... 
Palermo foot .... 
Paris foot .... 
Paris metre .... 
Parma foot .... 
Parmesan braccio - 
Pavia foot .... 
Placentia = Parma • 

Prague foot . . . - 

Prague ell - - • • 

Pro vence = MaracilleB. 

Rlilnland foot .... 

Riga = Ham burgh. 

Roman palm .... 
Roman foot .... 
Roman doto, 1-lfith foot 
Roman oncia, 1-1 2th foot 
Roman palmo .... 
Roman palmo dl archltettum 
Roman canna di ai-oliitettura - 
Roman stalolo .... 


EngUsh Feet. 


-»16 

H. 

•015 

H. 

1-521 

H. 

. 

C. 

•814 

H. 

•758 

H. 

•988 

H. 

•855 

H. 

1-426 

H. 

1-725 

C. 

2-081 

H. 

‘771 

H. 

•777 

H. 

•971 

V. 

2-594 

V. 

•928 

H. 

•947 

H. 

( *861 

H. 

1 -859 

0. 

6-908 

C. 

(-996 

H. 

t-907 

v. 

•907 

H. 

•961 

V. 

2-166 

V. 

1-406 

H. 

•747 

H. 

1-066 

H. 

3-280899-2 

1-869 

H. 

2-242 

C. 

1-540 

H. 

. 

0. 

f -987 

H. 

1 -972 

V. 

1-948 

V. 

( 1-023 

H. 

1 1-030 

Eytolwoin, 

•738 

H. 

•9«6 

Folkes. 

•0604 F. 

•OP05 P. 

•2515 P. 

•7325 F. 

7-825 

P. 

4-212 

P. 


Roman canna doi morcanti (8 p 


Roman braocio del morcanti (4 
palms^ . . . . . 

Roman braccio di tesfdtor di 

tela 

Roman braccio dl architettura 
Rouen = Paris- . . - 


English Foot* 
I 2-7876 P. 
r 2-866 C. 

I 2-0868 J*. 

2-561 0. 

- H. 


Russian arschlne . . . 

Russian Tereohok(]-16th arsoh. 
Russian foots to the English. 
Savoy =0hambery . 

Seville = Barcelona . . . 

Seville vara - . . - 

Siena foot .... 
Stellin foot - - - . 

Stockhohn foot ... 

Strasbourg town foot 
Strasbourg country foot - 
Toledo= Madrid . . . 

Trent foot .... 
Trieste ell for woollens - 
Trieste ell for silk - - - 

Turin foot .... 

Turin ras .... 
Turin trabuco .... 
Tyi-ol foot - . - - 

Tyrol ell 

Valladolid foot . . . 

Venice foot . . . . 

Venice braccio of silk - 
Venice ell .... 
Venice braccio of cloth - 
Verona foot .... 
Vicenza foot . - . - 

Vienna foot .... 

Vienna ell - - - . 

Vienna post mile • 

Vienne in Dauphin6 foot 

Ulm foot 

XJrbino foot . - . . 

Utrecht foot - . - . 

Warsaw foot - . . . 

Weeelss Dordrecht - 

Zurich foot .... 


( 2-8625 C. 

1 2-8838 Phil Mof. 
) -1458 


. 

H. 

• 

H. 

2-760 

0. 

1-239 

H. 

1-224 

H. 

f 1-073 

H. 

1 -974 

OelMtu. 

•956 

H. 

•967 

H. 

. 

H. 

1-201 

H, 

2-220 

H, 

2-107 

H. 

f 1-676 

H. 

1 1-681 

C. 

1-958 

C. 

10-085 

0. 

1-096 

V. 

2-680 

V. 

•908 

H. 

f 1-187 

H. 

\ 1-140 

How. 

[1167 

C. 

2-108 

C. 

2-089 

V. 

2-250 

C. 

M17 

H. 

1-136 

H. 

( 1-086 

II. 

1 1-037 

How. 

2-557 

V. 

24*888 

V. 

1-058 

H. 

•820 

H. 

1-162 

H. 

•741 

H. 

1-169 

H. 

. 

H. 

f -979 

H. 

1 -984 

Pbll. Mag. 


Foot op thh Etm Director. In perspective, that point in the directing line made bj a 
vertical plane passing through the eye and the centre of the picture. 

Foot of a vertical Line. In perspective, that point in the intersecting line which is made 
by a vertical plane passing through the eye and the centre of the picture. 

Foot Pace or Half Pace. That part of a staircase whereon, after the flight of a few 
steps, a broad place is arrived at, on which two or three paces majjr be taken before 
coming to another step. If it occur at the angle turns of the stairs, it is called a 
quarter moe. 

Footing Reak. The name given, in some of tlie provinces, to the tie-beam of a 
roof. 

Footings’ OF a Wall. The projecting courses at the base of a wall to spread it, and thus 
give security to the wall. 

Foot-stall. The base or plinth of a building. See Earth Table. 

Force. In mechanics, the course of motion in a body when it begins to move, or when it 
changes its direction from the course in which it was previously moving. While a body 
remains in the same state, whether of rest or of uniform and rectilinear motion, the 
cause of its so remaining is in the nature of the body, which principle has received the 
name of inertia. 

Forcer. In mechanics, a solid piston applied to pumps for the purpose of producing a 
constant stream, or of raising water to a greater height than it can raised by the 
pressure of the atmosphere. 

Fore Front. The principal or entrance front of a building. 

Fore Plane. In carpentry and joinery, the first plane used after the saw or axe. 

Foreshorten. In perspective, the diminution which the representation of the side or 
part of a body has, in one of its dimensions, compared with the other, occasioned by 
the obliquity of the corresponding side or part of the original body to the plane of 
projection. 


4N2 
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FoRit. The external ap^rance or disposition of the etirfaces of a bodj, in which eenee 
it is s/nonymons with Fioubb. 

Fobhbbet. The arch rib, which in (Gothic groining lies next the wall, and ie consequentljr 
less than the other ribs which diride the vnnlting. 

Forum. (Lat.) In ancient architecture, a public market ; also a place where the oommon 
courts were held, and law pleadings carried on. The fora of the Romans were large 
open squares surrounded by porticoes, parts whereof answered for market-places, other 
parts for public meetings of the inhabitants, and other parts for courts of justice ; the 
lorum was also occasionally used for shows of gladiators. There were in ^me seven- 
teen ; of these fourteen were for the sale of goods, provisions, and merchandise, and 
called Fora Venalia ; the other three were for civil and judicial proceedings, and called 
Fora Civilia et Jiidicialia, Of the latter sort was the fi rum ol Tr^an, of which the 
Trajan column formed the principal ornament. 

Foundation. The ground prepared for the footings of a wall to be placed thereon. The 
concrete and footings of a wall are sometimes called the “ foundations.” 

Foundry. A building in which various metals are cast into moulds or shapes. 

Fountain. (Lat. Fons.) Any natural or artificial apparatus by means whereof water 
springs up. In natural fountains the ascensional effect is produced by the hydrostatic 
pressure of the water itself ; in artificial fountains, by the same sort of pressure, or 
by that of compressed air, and sometimes by machinery. 

Fox TAIL Wedging. A method of fixing a tenon in a mortise by splitting the end of the 
tejion and inserting a projecting wedge, then entering the tenon into the mortise, and 
driving it home. The bottom of the mortise resists the wedge, and forces it farther into 
the tenon, which will expand in width, so as not only to fill the cavity at the bottom, 
but be firmly compressed by the sides of the mortise. 

Frame and Framing. (Sax. Fpamman, to form.) The rough timber work of a house, 
including floors, roofs, partitions, ceilings, and beams. Generally, any pieces of wood 
fitted together with mortises and tenons are said to be framed, as doors, sashes, &c. 

Franking. A term used by the mak^-rs of window-sashes, and applied to the mode of 
forming the joint where the cross-pieces of the frame intersect each other, no more wood 
being cut away than is Sufficient to show a mitre. 

Frbbing Beads. The beads formed on the elbows of the boxings of a window, to allow 
of the shutters rising high enough to come on to the bead of the window^ sill. 

Free Stone. It is an old term that has no very distinctive meaning, but one which is 
commonly employed when speaking of any stone, whether it be a sandstone or a lime- 
stone, that is capable of being easily tooled, quite irrespective of its chemical compo- 
sition, such as Portland stone, Bath stone, Yorkshire stone, some Scotch stone, &c. 

French Casements. Windows turning upon two vertical edges attached to the jambs, 
and, when shut, lap together like folding doors upon the other two parallel edges, 
and are fastened by means of a long bolt called an Espagnolette bolt, extending their 
whole height. French casements are made in the form of the old English window, 
the two meeting styles, which lap together, forming a munnion about four inches in 
breadth. The lower part only of the window is moveable, the upper being fixed, and 
having a corresponding munnion ; the lower rail of the fixed part and the upper rail 
of the moveable part forming a transom. The upper part is now sometimes made to 
open on centre pivots at the sides, to allow of ventilation to the apartments whilst the 
casement is closed. 

Fresco Painting. (It. Fresco, fresh.) A system of wall or ceiling decoration in which a 
painting is executed by incorporating tbe colours on the plaster before it is dry, by 
which it becomes very permanent. 

Frbtte or Fret. A species of ornament consisting of one or more small fillets meeting 



Fig. 1400. 

in vertical and horizontal directions. (See fig, 1406.) The sections of the channels 
between the fillets is rectangular. 

Fret-work. Ornamental decoration raised in protuberances. 

Friction. (Lat. Frico, I rub.) The reeistance produced by the rubbing of the surfaces 
of two solid bodies against each other. 

Frieze, Freeze, or Frxze. (ItaL Fregio, adorned.) That member in the entablature of 
an order l^tween the architrave and oomice. It it always plain in the Tuscan ; orna- 
mented wit^ triglyphs and sculpture in the Doric (See Metoi^a) ; in the modern or 
Italian Ionic it is swelled, in which case it is said to ptUvinlatid t»cuMomd\ 
and in the Corinthian and Composite it is variously decorated with figures and foliage* 
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acco^ling to the taste of the architect. The iUustratioh Is tcom the western end of the 
Parthenon at Athens, pre- 
sentiug a portion of the 
Panatheiac Meze. It is one 
of the fine specimens of 
Grecian art of the Elgin 
collection in the British 
Museum. {Fig. 1407.) 

Frieze of the Capitau The 
same as the Htpotbachb- 
LIUK. 

Frieze Panel. The upper 
panel of a six-panelled door. 

Frieze Rail. The upper rail 
but one of a six-panelled 
door. 

Frioidarium. In ancient ar- 
chitecture, the apartment in 
which the cold bath was 
placed. The word is some- 
times used to denote the 
cold bath itself. 

Front. (Lat. Frous.) Any side or face of a buildings but more commonly used to denote 
the entrance side. 

Frontal. The cloth hung in front of the altar, also called antependium. 

Frontispiece. (Lat. Frons and Inspicio ) The face or fore-front of a house, but the 
term is more usually applied to the decorated entrance of a building. 

Fronton. The French term for a pediment. 

Frosted. A species of rustic-work, imitative of ice, formed by irregular drops of water. 

Frowky Timber. Such as works freely to the plane without tearing, whose grain there- 
fore is in the s inve direction. 

Frustum. (Lat.) In geometry, the part of a solid next the base, formed by cutting oft 
the top, or it is the part of any solid, as a cone, a pyramid, &c., between two planes, 
which may be either parallel or inclined to each other. 

Fulcrum. (Lat.) In mechanics, the fixed point about which a lever moves. 

Funnki.. (Lat. Infundibulum.) That part of a chimney contained between the fire-place 
and the summit of the shaft. See Chimney. 

Forniture. (Fr. Fournir, to furnish.) The visible brass work of locks, knobs to doors, 
window-shutters, and the like. 

Furring. (Fr. Foucrer, to thrust in.) The fixing of thin scantlings or laths upon the 
edges of any number of timbers in a range, when such timbers are out of the surface 
they were intended to form, either from their gravity, or in consequence of an original 
deficiency of the timbers in their depth. Thus the timbers of a floor, though level at 
first, oftentimes require to be furred ; the same operation is frequently necessary in the 
reparation of old roofs, and the same work is required sometimes in new as well as old 
floors. 

Furrings or Fireinos. Pieces of wood used to bring a surface to a level with others. 

Fusarole. (It ) A member whose section is that of a semicircle carved into beads. It 
is generally placed under the echinus, or quarter round of columns m the Lone, Ionic, 
and Corinthian orders. 

Fust. (Fr. Ffit.) An old term for the shaft of a column or trunk of a pilaster. It is 
also a term us^ in Devonshire, and, perhaps, in some other counties, to signify the 
ridge of a house. 



G 

Gable. (Brit. Gavel.) The vertical triangular piece of wall at the end of a roof, from 
the level of the eaves to the summit 

Gablet. A small gable^ or gable-shaped decoration, as introduced on buttresses, &c. 

Gage. See Gauge. 

Gain. In carpentry, the bevelled shoulder of a binding joist, for the purpose of giving 
additional resistance to the tenon below. 

Galilee. A porch usually built near the west end of abbey churches. The galilees ol 
Durham ana Ely are found in the situation here described. The last mentioned is still 
used as the principal entrance to the chwh. The porch, south-west ^of the great 
transopt, at Lincoln Cathedral is also sometimes called a galilee. The wOrd has been 
f^neutly used, but improperly, to designate the nave of a church. Many conjectures 
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have been made on the origin of this term, but the most commonly received op.nlon, 
founded on a passage in the writings of St. Gervase of Canterbury, is, that when 
a female applied to see a monk, she was directed to the porch of the church, and 
answered in the words of Scripture, “ He goeth before you into Galilee, there shall 
you see him.” 

Qallkrt. (Fr. all^ couverte.) The name given to one of the structures called Celtic 
and Megalithic, and formed of upright stones covered with flat ones. 

Gallery. (Fr. Galerie.) An apartment of a house, for different purposes. A common 
passage to several rooms in any upper story is called a gallery. A long room for the 
reception of pictures is called a picture gallery. A platform on piers, or projecting 
from the wall of a church and open in front to the central space is also called a gallery. 
The Whimpering Gallery at St. Paul’s is another example of the various uses of the 
word. The whole or a portion of the uppermost story of a theatre is likewise called a 
gJilleiy. 

Gallbt. See Gabbetino. 

Gaol. A prison, or place of legal confinement. 

Garden Sheds. Erections for containing garden implements, flower-pots, hot-bod frames, 
and glass sashes, &c . ; also for working in during bad weather. They are best placed 
on the back wall of the greenhouse, and thus hold the furnaces, fuel, and other articles. 
Gauoouillb, or Gueqoylk. The carved representations of men, monsters, &c., on tho 
exterior of a church, and especially at the angles of the tower, serving as waterdpouts, 
being connected with the gutters for the discharge of the water from the roof. 
Garlands. (Fr.) Ornaments of flowers, fruit, and leaves anciently used at tho gates of 
temples where feasts or solemn rejoicings were held. 

Garnets, Cross A species of hinge used in the most common works, formed in the 
shape of the letter T turned thus , die vertical part being fastened to the style or jamb 
of the doorcase, and the horizontal part to the door or shutter. 

Garret. The upper story of a house taken either partially or wholly from the spice 
within the roof. It is also an epithet applied to rotten wood. 

GarBetino, or Gaixbtino. Inserting small splinters or chips of stone or flint, called 
galletsy in the mortar joints of rubble work, after the walls are built. 

Gate. (Sax. Deac). A large door, generally framed of wood. Ihe width of gates 
should be from eight and a half to nine feet, and the height from five to eight feet. Tho 
materials of gates should be well seasoned previous to use, otherwise they will be soon 
iiyured by tlie sun and wind. Tlie parts should be also very correctly put together. 
For durability, oak is the best ; but some of the lighter woods, as deal, willow, and 
alder, are, on account of their lightness, occasionally used. Those, however, are more 
for field-bar gates than close gates. 

Gateway. A passage or opening formed through an enclosure wall or fence. It is also 
given to a building placed at the entrance of a property, and tliix)ug}i which access is 
obtained, and guarded by a gate, or formerly by a portcullis drawbridge. 

GATHBRma or the Wings. See Chimney. 

Gauge, or Gage. In carpentry or joinery, an instrument for drawing one or more lines 
on any side of a piece of stuff parallel to one of the arrisses of that side. Of this tool 
there are four sorts ; the common gauge and the flooring range (which are both applied 
to the drawing of a line parallel to an arris), the internal gauge, and tlie mortise and 
tenon gauge. 

This term is also used to signify the length of a slate or tile below the lap ; 
also the measure to which any substance is confin<id. 

Gauged Arch. One having tho bricks or stones formed radiating to a centre. The bricks 
have to be cut, and, in very good work, they are also rubbed, to get a fine joint 
Gauged Stuff. In plasterer s work, stuff composed of three parts of lime putty and one 
part of plaster of Paris, to set quicker. In bricklayer’s work, it is the same proportion 
of mortar and Roman or Portland cement, used for fllletings and in setting chimnCy- 
pots. 

Gavel. The same as Gable. 

Gbmmels. a medieval term for hinges. See Gimbals. 

Generating Curve. See Evolutb. 

Genkiatino Line or Plane. In Geometxy, a line or plane which moves according to a 
given law, either round one of its extremities as a fixed point or axis, or parallel to 
iteelf, in order to generate a plane figure, or solid, fbrm^ by the ^lace it has gone 
over. 

Genesis. (Gr.) In geometry, the formation of a line, plane, or solid, by the motion of a 
point, line, or plane. See Gbnbratino Line. 

Gbometbio Beofobtion. a building designed by geometrical figures, as the square, the 
triangle, 

GaoMETRiOAL. That which has a relation to geometry. 
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Gboxetaical Dbcobatki}. Tlic period of niodinval anrhiteeture in xliieli the traceiy i^nd 
other ornamentation consisted entirely of dietinct gH>iiietr}cal liQiiMi and in whi^ the 
principle of verticality and unity by a subordination of parts wm fully developed. 

Ghoxbtrical STAiBCASii. That in which the fliglit of atone stairs is supportkl by the 
wall at only one end of the steps. 

GnoMBTHT. (Gr. Fi?, the earth, and Mtrpw, I measure.) That science which treats of the 
objects of %ured space. Its etymology implies the object of measuring land. The 
invention of the science has been referred to a very remote period : by some, to the 
Babylonians and Chaldeans ; by others to the Egyptians, who are said to have used it 
for determinitkg the boundaries of their several lands after the inundations of the Kile, 
Cassiodorus says that the Egyptians either derived the art from the Babylonians, or 
invented it after it was known to them It is supposed that Thales, who died 548 b,c:, 
and Pytha^ras of Samos, who flounshed al>out 520 b.c., introduced it fh)m E^pt into 
Greece. Whatever the origin, however, of the term, the occasions on which it is nececk 
sary to compare tbinge with one another in respect of their forms and magnitudes ars 
so numerous in every sta^ of society, that a geometry more or less perfect must have 
existed from the first penods of uivilisation. 

Geokbtby, DKSCBirnvii. The art of representing a definite body upon two planes at 
ri^t angles with each other, by lines falling perpendicularly to the planes from all the 
points of eoncourse of every two contiguous sides of the body, and from all points of its 
contottr, and, tfice vered, from a given representation to ascertain the ^rts of the 
ontginal objects. 

GaoMETKY, PRACTICAL. The method of working problems in geometry. 

Ghaut. A Hindoo term for a landing place, st^eps on the banks of a river, a pass 
between mountains, and the mountains themselves, especially the eastern and western 
ranges, which cut off from the upper or table land the narrow strips of low coast that 
intervene between them and the sea. 

Giblra Ckbqub, Giblet Cheek or Check. A term used by Scotch masons to denote the 
cutting away of the right angle formed by the front and returns of the aperture of a 
stone door-case, in the form or a relaite or reveal, so as to make the outer side of tlie 
door or closure fiush with the face of the wall. 

Gilducg. The practice of laying gold leaf on any surface. 

Gimbals, Gimhols, or Gimblhs. (Lat. Gemellus.) A piece of mechanism consisting of 
two brass hoops or rings which move within one another, each peipendicularly toils 
plane, about two axes at right angles to each other. A body suspenaed in this manner, 
having a free motion in two directions at right angles, assumes a constantly vertical 
position. See Gehmels. 

Gimlet, or perhaps more properly Gimblet. (Fr. Guimbelet.) A piece of steel of a 
semi ’Cylindrical form, hollow on one side, having a cross handle at one end and a worn 
or screw at the other. Its use is to bore a hole in a piece of wood. The screw draws 
the instrument into the wood when turned by the handle, and the excavated part, form* 
inga sharp angle with the exterior, cuts the fibres across, and contains the core of the 
wood cut out. It is used for boring holes larger than is effected by the bradawl. 

Girder. (Sax. Gyptan, to enclose.) The principal beam in a floor, for supporting the 
binding or other joists, whereby the bearing or length ir lessened. Perhaps so called 
because the ends of the joists are enclosed by it. An iron or timber girder carries 
a wall or assists to cany a floor. See Bbxssumbb. 

Girdle. A circular band or fillet surrounding a part of a column. 

Girt. The length of the circumference of an ol^ect, whether rectilinear or curvilinear, on 
its horizontal section. In timber measuring, according to some, it is taken at one-fourth 
of the circumference of the tree, and is so taken for the side of a s<}UAre equal in area to 
the section of the tree cut through, where the perimeter is taken lu order to obtain the 
girt. 

Glass. (Germ.) A transparent, impermeable, and brittle substance, of which there are 
difiTerent sorts used in building. The ** Times" paper of Februaxy 6th, and others in May, 
1875, stated that a Frenchxn^ had discovered that glass heat^lx) redness, and then 
odoled or annealed in oil, greatly increased its toughness, while its transparency remained 
the same. Thus a plate of glass supported at the ends would resist a weight billing 
two feet, but when treated as above it would resist the same weight falling su or eight 
feet Sm Obowk GtAsa, Sheet Glass, Plate Glass. 

Glass Paxetiho. A decoration frequently used in buildings. It is the method of painting 
on glass in such a xnanner as to produce the effect of the drSwiim, which has to be pre- 
pare by an artist for it A Pren^ painter of Marseilles is said to have been the flrst 
wdio instructed the Italians in this ak, dimng the pootifleaCe of Julius 11. It was, 
however, mwetised to a ooneiderable extent^ x^noss of lieyden and Albert Burer. Set 
SrAunai Glass and Pdr Metal. 

QLAEfEE. An artisan vdiose employment is that of fitting and fixing glass. 
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Gu^tE, (FroiA the Lat/Gioten.) A tenacious viscid matter made o£ tl«o skins and hoofs df 
animals, for cementing two bcraies toother. Glue is bought in cakes, and is better the 
older the skin of the animal from s^ich it is made. That which swells without dis 
solving when steeped in water is the best. To prepare glue it should be broken into 
|Bmall fragments and then steeped in water about twelve hours. It should be thes 
meated in a leaden or copper vessel till the whole is dissolved, stirring it frequently 
a stick. After this it is put into a wooden vessel and remains for use. A water* 

* tight joint in wood can be obtained by grinding glue and white lead in equal propor* 
tions, boiled in linseed oil, so as to make the liquid of a whitish colour, and strong but 
not thick. It is also useful for external work. “ Marine glue ” is a very strong liquid 
matter, the material often giving way before the joint. 

GLTt’ft. (Gr. rAw<^«, I carve.) A sunken channel, the term being usually employed in 
reference to a vortical ono. From their number, those in the frieze of the Doric order 
are called triglyphs. 

Gi.yptothbca. ((if. and 0f)icrf, deposit.) A building or room for the preservation 

of works of sculpture. See Otzicekus. 

Gnhiss. a species of granite which, from excess of mica, is generally of a lamellar or slaty 
texture. It is a term used by the miners of Germany. ' 

Gnomon. (Gr An instrument for measuring shadows, and thereby determining 

the sun’s height. In dialling, it is the style of the dial, and its shadow marks the hour. 
It is placed so tlmt its straight edge is parallel to the axis of the earth’s rotation. In 
geometry, a gnomon is that part of a parallelogram which remains when one of the 
parallelograms .about its diagonal is removed; or the portion of.the parallelogram com^- 
posed of the two complements and one of the parallelograms about the diagonal. The 
term is found in Euclid, but is now rarely used. 

GonuHTS. Blocks of stone; and also squared blocks of stone. 

Gocciolatoio. fit.) The same as Corona. 

Godown. The Bengalese term for a warehouse or cellar. 

Godroon, or Qadroon. An ornamented moulding, consisting of headings or cablings. 

Gola, or G.VLA/ (It.) The same as Cyma. 

Goniomhtkr. (Gr. Fwyta, an angle, and Mfrpw, I measure.) An instrument for measuring 
solid angles. 

Gopura. The Indian name for a gate-tower in the wall enclosing the space of ground in 
which are the cell and porch forming a temple in the S'>uth of Hindostan. In elevation 
it is pyratu^lal like a pagoda ; but instead of being square like the temple in plan, the 
gopura is sometimes 180 feet wide by 100 feet deep, pierced in the mid- 

dle of the longsfef Bp^ a gateway which occupies a seventh or even a fourth of the 
width of the towe¥!^^5^ pile is covered by a crested roof, resembling a boat with the 
keel uppermost. Among the finest examples are those at Seringam, at Combaconum, and 
at Chillambaram, dating about 900-1004. 

Gorgb. The same as Cavktto. The aorgerin is a diminutive of the term. 

Goroonrta. (Gr.) Key-stones carved with Gorgons’ heads., 

Gothic Architbctuhb. The name given about the end of the seventeenth century to the 
Pointed nrcliitecture of the medimval period, and now called Mndt.sval Architbctcrb. 

Goufino Foundations. A Scotch term, signifying a mode of securirg unsound walls by 
driving wed^ or pins under their footings. 

OouQH. A chisel whose section is of a semicircular form, 

Gbadktti. (It.) The same as Annulbts. 

Obadibnt. Gu<^ lists are given in Builder^ 1863, p 818 ; and zvii. p. 214. 

OoiECosTAais. A hall or portico adjoining the Human comitia, in which foreign ambas- 
sadors waited before entering the senate, and also whilst waiting the answer that was 
to be given to them. 

Grain. The line of direction in which some materials can be split transversely. 

Graining. The imitation of the grains or texture of certain ornamental woods, byrnwns 
of paint worked over by a comb and othd* implements required to represent the varioos 
sorts. It is also called ** combing.” 

Granaky. (Lat. Granum.) A building for storing com, espedally that intended to be 
kept for a considerable time. Vitruvius calls those buHdings intended for the preserva- 
tion of grain granaria, those for hay fomilia^ aud those for stmw fwrraruL. The t»m 
Ikorreum was used by the Romans for denoting bnildings not only for the pressrmtion 
of com, but for various other effects. 

OitAiiB. A term used in the fine arts, generally to exprcM that quality by which the 
h)/thest deme of mi^esty and dignity is impaxted to a work of art. Its soutoe is, in 
freea from ordinaty and common bounds, and to be properly appreciated requires 
ap investigation of the t^iflbrent qualities which great and extraordinary olijects 
nroduce impressions on the mind. 

GnANor. A mrm-yard or fiwmery, consisting of a fann-bonse and a eouit of ol6ees fior 
the different animals and implements used in fimning, as also of hama^ leoding honaeat 
poultry housea, &o. 
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Gfiiirtm Thli word is apparently a corruption of the Laldn wop<1 geranius, need by 
Pliny to denote a particular species of stone. Tournefort, in the account of his Voyage 
to the Ijevant in 1690, is the of modern writers who uses the name. The constituent 
parts of true granite are concretions of felspar, quarts, and mica, intimately joined 
together, but without any basis or ground. They are variable in quantity. Granites 
vary in colour, as the white, red, pink, blue, &c. See Gxxiss. 

Grass Tablb. See Earth Table. 

Oraticulatioh. The division of a design or draught into squares, for the purpose of 
reducing it to smaller dimensions. 

Gravel. A term applied to a well-known material of small stones, varying in size from 
a pea to a walnut, or something larger. It is often intermixed with other substances, 
as sand, clay, loum, flints, pebbles, iron ore, &c. It is used for roads and for concrete. 

Grave-stone. A flat stone placed over the grave of a deceased person, on which the 
name, dates, &c., are engraved. 

Gravity. See Specific Gravity. 

ORKaAN Architecture. The refined works of the ancient Greeks, ns exhibited in the 
buildings at Athens and numerous other cities of Greece, Asia Minor, Sicily, &c. The 
oliiof principle of construction was the entablature and columns. 

Greco-Roman Styi.e. The style of architecture adopted by many architects in England 
at the end of the last century, in which the severity of the ancient Greek style is modi- 
fied by the richness and elaborate details of that of the Roman, together with the intro- 
duction of features such as the arch, adapted to the requirements of the style and of the 
present era. 

Grrb, Grebs, Gresb, or Grtsb. An old word, signifying a step, steps, ur degrees. 

Greek Cross. See Cross, 1387. 

Greek Masonry. The manner of bonding walls among the Grecians. See Masonry. 

Greenhouse. A building for sheltering in pots plants which are too tender to endure the 
open air the greater part of the year. It is constructed with a roof and one or more 
sides of glass, and being erected for luxury shoubi not be far away from the 
dwelling-house, so tliat the greatest enjoyment may be had from it. At the same time 
it sliould, if possible, be near the flower garden, as being of similar character in use. The 
length and breadth can only be determined by the wealth and objects of the proprietor. 
The best aspects are south and south-east, but any aspect may, in case of necessity, be 
taken, if the roof be entirely of glass, and plenty of artificial heat be supplied. In those 
greenhouses, however, which face the north, the tender plants do not in winter succeed 
so well, and a greater quantity of artificial heat must then be supplied, and the plants 
should, in such case, be chiefly evergreens, and others that come into flower in the summer 
season, and grow and flower but little during the winter. The plants in greenhouses 
are kept in pots or boxes on stages or shelves, so as to bo near and follow the slope of 
the roof, and thus made more susceptible of the action of the sun’s rays immediately’ on 
passing through the glass. 

An orangery, from being constructed with a ceiled roof, differs from a greenhouse; it 
U. moreover, chiefly devoted to plants producing their shoots and flowers in the summer 
season, and in the open air ; the use of the orangery being merely to preserve them 
during the winter. Tlie structure is more properly called a conservatory, though this 
term is now applied to buildings with glass roofs, wherein the plants are not kept in 
pots, but planted in the free soil, and wWein some are so reared as to grow and flower 
in the winter months. 

Grey tfrocKS. Bricks of the third quality of the best or malm bricks. 

GRiNDiNa. The act of taking oflf the redundant parts of a body, and forming it to its 
destined surface. 

GRiimsTONB. A cylindrical stone, mounted on a spindle through its axil, with a winch- 
handle for turning it, to grind edge-tools. 

Grit Stone. One of various degrees of hardness ; mostly of a grey, sometimes of a yellow- 
ish colour. It is composed of a siliceous and micaceous sand, closely compacted by 
an argillaceous cement. It gives some sparks with steel, is indissoluble, or nearly so, in 
acids, and vitriflable in a strong Are. It is used for millstones more than for building. 

Groin. (Sax. Upoptn, to grow.) The line formed by the intersection of two arches, 
which cross ea^ other at any angle. See Cross Vaultino. 

Groinbo Cbujno. One fonned by thrw or more curved surfaces, so that eveiy two may 
form a groin, all the groins terminating at one extremity in a common point. 

Groined VAui^nNO. A vault whidi is formed by mins springing from various points 
and intersecting. The varieties are described in Book II. Chap. 1, p. 388 ; and Chap. 

8, p. 608. 

Qro(^ (Sax. Gpapan, to dig.) A sunken rectangular riianueL It is usually employed 
to connect two pieces of wood togetb^, the piece not grooved having on its edge a 
prqjectioo or whose section corresponds to and ftts the groore. 
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OnoTBsaiTB,' (Fr.) A term applied to capricious orriaments which* as a Whole, hur« tta 
type in nature, consisting of figures, animals, leaves, fiowers, fruits, and the liko„ all 
connected together. 

Orouico Floor. The fioor of a building level, or nearly so, with the surface of the chief 
thoroughfare or the land around it. It is nut always the lowest fioor, the bsseineni 
being frequently Ixmeath it A floor^*if on such a level, as in some counti^ mansions, 
becomes a ground floor, though generally called a basement. 

Grovkd Glass. The white effect given to glass by grinding it with emery powder, and 
thus obscuring it, so that it cann<k he seen through. 

Groukd Joists. Those which rest upon sleepers lud upon the ground, or on bricks, prop 
stones, or dwarf walls ; they are only used in basement and ground floors. 

GnouND Line. In perspective, the intersection of the picture with the ground phme. See 
Gwoukd Plawk. 

Ground Niche. One whose base or seat is on a level with the ground floor. 

Ground Plan. The plan of the story of a house level with the surface of the ground, or 
near to it. 

Ground Plans. In perspective, the situation of the original plane in the supposed level 
of our horizon. It differs from the horizontal plane, which is said of any plane parallel 
to the horizon ; whereas the ground piano is a tangent plane to the surface of the earth, 
and is supposed to contain the objects to be represented. The term ground plane is used 
in a more confined sense than tlmt of original plane, which may be any plane, whether 
horizontal or inclined. 

Ground Plate or Ground Sill. The lowest horizontal timber on which the exterior 
walls of a building are erected. It chiefly occurs in timber buildings, or in buildings 
whose outside walls are formed of brick panels with timber framings. 

Ground Plot. The plan of the walls of a building where they first commence above the 
foundation, though ground selected to receive the 

building. For dwelli|^,lUPpf requisites are a healthy situation, a convenient supplj' 
of water, good drainage, a preKwint aspect, &c. If for trade or manufacture, it shimld 
be conveniently placed for receiving the raw material, and for exporting the articles 
manufactured. 

Grounds. In joinery, certain pieces of wood attached to a wall, to which the finishings are 
fH‘<tonod. Their HU rtace is flush with theplaatering. Narrow grounds are those whereU* 
the bases and surbases of rooms are fastened. Grounds are used over apertures, as well 
for securing the architraros as for strengthening the plas'er. That the plaster may be 
kept firm, should the wood shrink, a groove is sometimes run on the edge of the ground 
next to the plaster, or the edge of the ground is rebatecl on the side next to the wall, so 
that in the act of plastering the stuff is received into the groove or rebate, which pre- 
vents it from shifting when it becomes dry Wide grounds are framed. 

Grouped Columns or Pilasters. A term utel to denote throe or more columns placed 
upon the same pedestal. When two only are placed t»>gethor they are said to be coupled. 

Grout, (Sax. Upur.) A semi-liquid mortar, composed of quicklime and fine sand, 
poured into the joints of masonry, and those of largo mn^^tes of brickwork at every 
four courses or so, in order to fill up the joints well, which process is c.illed grouting. 
It is not required when the joints are properly flushed up. 

Growing Shore. See Dead Shore. 

Gudgeon. The axle of a wheel, on which it turns and is 8up]>orted. To diminish friction 
gudgeons are made as small as possible in diameter, consistent with their weight. They 
are often made of cast iron, on account of its cheapness, but wrought iron of the Bam« 
dimeusions is stronger, and will support a greater load. 

Guillochb. (Fr.) An ornament in the form of two or more bands or strings twisting 
over each other, so as to repeat the same figure, in a continued seriee, by the spind 
returning of the bands. The term is applied, but improperly so, to a Fret. 

Gula, or Gola, or Oueulb. (It.) Synonymous with Cymatiuk. 

Gunter's Chain. One used for measuring land, and taking its namefirom its reputed 
inventor. It is 66 feet, or 4 poles, long, and divided into 100 links, each whar^ is 
joined to the adjacent one by three rings ; the length of each link, including the adja- 
cent rings, is therefore 7*02 inches. The advantage of the measure is in the facility if 
afibrds to numerical calculation. Thus the English ade, oontaininj; 4,640 yards, and 
Gunter's chain being 22 yards long, it follows &at a square chain is exactly the tenth 
part of an acre, cons^uontly the contents of a field being cast up in square links, it is 
only necessary to divide by 100,00 J, or to cut off the last five figures, tu obtain tJie ooDr 
tents expretsM in acres. 

Otrootlb. See Gargotlb. 

OutTSL See DroIps, 

Guttrb and Guttrrikq. A canal to the roofs of hoiuMi, to *rroriTe aufi eafxy off rain- 
water. GuUeif are matle of metal or of tales, iriiichwre either plain or copC R tn ; ftwao 
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' l}i8t arp caHed gutter tiles, and so adapted to each otlier fdS to laid with great ease. 
The Komans had gutters of torra-cotta along tho roofs of their houses, and the rain- 
water from them ran out through the heads of animals and other devices placed in the 
angles and in convenient parts. Zinc is often used for gutters, but should only be fixed 
to temporary erections. An Aimis Gutfer is formed of w»)od. The channels on each 
side or in the middle of a roadway to carry olf water, are called gutters. 

Gymnasium. (Gr. rufiifatrioy, from rugvoi, naked.) Originally a space mavsnred out and 
covered with sand for tho exercise of athletic gamps, the gymnasia in the end became 
spicions buildings, or institutions, for the mental as well as corporeal instruction of 
youth. They were first erected at Lacedmmon, wlience they spread through the rest of 
Greece, into Italy. They did not consist of single edifices, but comprised several buildings 
and porticoes for study and discourse, for baths, anointing rooms, ^Imetras, in which 
the exercises took phice, and for other purposes. It is also a building for the practice 
of physical games, and instruction in gymnastic exercises ; and in Russia and Germany 
it IS the school below the academy or university, where tlie scholar receives a superior 
o<lucalion and learns its application in life. 

GYN.BCKUM. (Gr. ruyaK€toy.) In ancient architecture, that portion of the Grecian house 
set apart for the occupation of the female part of the family 

Gypsum. (Probably from Ti;, earth, and Eipw, I concoct.) Crystals of native sulphate 
of lime. Being subjected to a moderate heat to expel the water of crystallisation, it 
forms plaster of Paris, and when water is applied to it, it immediately assumes a solid 
form. Of the numerous species, alabaster is, perhaps, tho most abundant. 

II 

Haiutablh RooM.a. These are required by the Metropolis Local Management Act, 186f5, 
c. 120, to bo not less than 7 feet high. When placed in the roof they must be of that 
height at least, throughout not less than one half of the area of such room. When under- 
ground, they must bo of tliat height at least, 1 f<jot of whicli must be above the surface 
of the footway of the street. They must have, for their entire frontage, an open area 
Irom 6 inches below the level of the floor to the surface of the footway and 3 feet wide 
in every part; they must he effectually drained; have a fire-place with a proper chim- 
ney or flue ; and an external glazed window of at least 0 superficial feet in area, clear 
of the frame, and made to open in an approved manner. There must be appurtenant to 
such room or cellar a water-closet or privy, and an ashpit furnished with proper doors 
and coverings. 

Hack. In brickmaking, the row in which crude bricks are laid to dry after being 
moulded, and before being placed in the clamps or kilns to be burnt. 

Hacking. In walling, denotes the interruption of a course of stones, by the introduction 
of another on a different level, for w'ant of stones to complete tlie thickness. Thus 
making two courses at tho end of a wall of the same height os one at the other. The 
last stone laid is often notched to receive the first stone of tho other where the two 
heights commence. Hacking is never permitted in good work. The term is used more 
in Scotland than in England. Taking down old plastering from a wall or ceiling, is 
called hacki ng off.” 

Hackino-out Knifk. An implement used in cutting old putty out of the rebates of a 
bar of a light, before inserting a new pane of glass. As this operation injures the bars, 
a liquid preparation is now often used for softening the putty. 

Hagioscope. (Gr. &7iof, holy, and aKoyrhs, mark.) An aperture made in the interior 
walls or partitions of a church, generally in the sides of the chancel arch, to anable per- 
sons in the aisles, or side chapels, to see the elevation of the host. They are teennir 
cally called squints, and sometimes elevation apertures ; and now written Agipscope, 

Half-face. See Foot Face. 

Half Round. A semicircular moulding which may be a bead or torus. 

Haijp-timbbr Buixj>ino. a structure formed of studding, with sills;, lintels, struts, and 
braces, sometimes filled in with brickwork, and plastered over on both sides. Cottages 
were usually lathed and plastered on the outside only, the npright timber work showing 
on the inside. The outside woodwork was sometimes paint^ black. 

Hall. (Sax. Hal.) A name applied indifferently to the first large apartment on entering 
a house, to the public room of a corporate body, a court of jurtice, or to a manor honse. 

Vitruvius mentions three sorts of balls ; the Tetrastyle, wliicL has four columns sup- 
porting the ceiling ; the Corinthian, which has columns all round, and is vaulted ; and 
the Egyptian, which has a peristyle of Corix^ian columns, bearing a second order with 
a ceiling. These were called owt. In magnificent edifices, whore the hall is larger and 
loftier ordinary, and is placed in the middle of the house, it is called a saloon ; 
and a royal uartaieat couiists of a hall wr chamber of guards, a chamber, an antsr 
chamber, a eahiaet chamber, and a g^llsty. 
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Haltiko. a method of joining timbers by letting them into each other. It is preferable 
to mortising, even where the timbers do not pass each other, as they are less liable to 
be displaced by shrinking. 

Ham. (Sax.) Properly a house or dwelling place ; also a street or village, whence it has 
become the final syllable to many of our towns, as Nottingham, Bucking&zm, due. ; hence, 
too, hq^ilet^ the diminutive of ham, is a small street or village. 

ILammkMvbam. a beam acting as a tie at the feet of a pair of principal rafters, but not 
extending so as to connect the opposite sides. Hammer beams are used chiefly in roofs 
constructed after the Gothic style, the end which hangs over being frequently supported 
by a concave rib springing from the wall, as a tangent from a curve, and in its turn 
supporting another rib, forming an arch. The ends of hammer beams are often decorated 
with beads and other devices. The finest example of such a roof is at Westminster Hall. 

Hanch. The small arch which often joins a straight lintel to a jamb. Hence the term 
Hatioe arch. 

Hand-rail of a Stair. A mil raised upon slender posts, called balusters, to prevent per- 
sons falling down the well hole, as also to assist them in ascending and descending. 

Handspikb. A lever for raising a weight, usually of wood, and applied to the holes in a 
capstan head. 

Hano ovkr. (Verb.) A term used to denote the condition of a wall when the top pro- 
jects beyond the bottom. 

Hangings. Linings for rooms of arras, tapestry, paper, or the like. Paper hangings were 
introduced early in the seventeenth century. 

Hanging Stilk op a Door. That to which the hinges are attached. 

Hardware. Ironmongery is so called. 

Harmonic Proportion. That which, in a series of quantities, any three adjoining terms 
being taken, the difference between the first and second is to the difference between the 
second and third, as the first is to the third. 

Haumds. (Gr. *ApfjL 05 .) In ancient architecture, a tile used for covering the joint between 
two common tiles. 

Harness Room. A room wherein harness is deposited. It is absolutely requisite that it 
be dry and kept clean. Its situation should be near the stable it is destined to serve. 

Hasp. The fastening to a common casement. See Snackbt and Staple. 

Hassack. The provincial name for Kentish rag storae. 

Hatchkt. (Fr. HjU'hotte.) A small axe used by joiners for reducing the edges of boards. 

Haunches of an Arch. The parts between the crown and the springing. 

Hawk. A small quadrangular tool with a handle, used by a plasterer, on which the stuff 
required by him is served, for his proceiniing with the work in progress. Ho has always 
a boy attendant on him, by whom he is supplied with the material. The boy in ques- 
tion is Cfilled a Hawk boy. 

Head. See Aperture. 

Head and Foot Stokbs. The upright stones placed to the grave of a deceased person, 
and on which the name, dates, &o., can be engraved. 

Header. In masonry and brickwork, the stone extending over the thickness of a wiJl. 
Hence the tenn Heading c •urse. 

Heading Joint. In joinery, the joint of two or more boards at right angles to the fibres, 
or in handrailing at right angles to the back ; this is so disposed with a view of con- 
tinuing the length of the boa^ when too shoH. In good work the heading joints are 
ploughed and tongued, and in dadoes are, moreover, connected with glue. 

Headway of Stairs. The clear distance, measured perpendicularly, from a given landing- 
place or stair to the ceiling above, whether of the stairs or landing. 

HakRT Bond. In masonry, that in which two 8tontf||f a wall forming its breadth, have 
one stone of the whole biWlth placed over them. ^9e Bond. 

Hearth. See Chimney. See Slab. 

Heather Roof. A covering used in Scotland, by some considered superior to straw. 

Hbcatompbdon. (Qt.) a teosiple one hundred feet in front. A term applied to the 
Parthenon, Ftg, 14d8, 90 ana 100. 

Mr. Penrose's measurement gives the length of top of upper step as 10P841 Rtt gRff h 
feet o 100 Attic feet. Length of the same 228141 English feet. 

Hbbh. The same as Rack. 

Heel. A term used ^ workmen to denote a eyma rmersa* 

Heel op a Rafter. The end or foot that rests on the wall plate. 

Heioht. The perpendicular distance of the most remote part of a body from the plane on 
which it rests. 

Heioht of an Arch. A line draira from the middle of the chord or span to tbs 
intrados. It is also railed the vermd sme, 

Hkuoax. IdNB OF A Handrail, The spiral line twisting xoimd the eylindert rnprfisiiiilliiifl 
the form of the handrail before it is moulded. 
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HRLiocAMtmrs. (Or. *HXtof, the bud, and KaftiM>s, a furnace.) A chamber in the Boman 
houses which depended on the rays of the sun for warming it. 

Hri.ioscknb. An outside blind invented of late years, formed like the louvres of a venti- 
lator, which keeps out the rays of the sun, ensures ventilation, and permits a clear 
A'iew from the inside of tlie room to the window of which it is applied. 

Hki.ix. (Gr. “HAxI, a kind of ivy whose stalk curls.J A small voluts or twist under 
the abacus of the Corinthian capital, in which there are, in every perfect cajpital, 
sixteen, called also uriUa ; viz., two at each angle, and two meeting under the middle 
of the abacus, branching out of the caulicoli or stalks, which rise firom between the 
leaves. 

Hkm. The spiral projecting part of the Ionic capital. 

Humicycle. A semicircle ; the term is used architecturally to denote vaults of the cradle 
form, and arches or sweeps of vaults, constituting a semicircle. 

IlKMtspHBiiH. In geometry, the half of a globe or sphere, when divided by a plane pass* 
iug through its centre. 

IlKMiTttiaLYPH. A half triglyph. 

Heptagon. (Gr.) A geometrical figure of seven sides and angles, 

UiuiMrTAOB. A small hut or dwelling in an unfrequented place, occupied by a hermit. 
Imiuition buildings in a park, as a resting place, are so called. 

IIuuRiNO Bone Work. In paving, a disposition of bricks or stones laid 
diagojially (see diagram in the mai’gin), each length receiving the end of the ><vyyQ 
adjoining brick or stone. In walling, courses of stone or bricks laid angularly 
in the face of a wall, in a similar manner. Sometimes there is a honzontal \X 
course of stones or bricks laid between each angular course. See Ashuiu 

HkwxStonb. That which is reduced to a given form by the use of the mullet and 
chisel. 

Hexagon. ('£^ and rwxa, angle.) In geometry, a plain figure bounded by six straight 
lin«8, which, when equal, constitute tlie figure a regular hexagon. 

Hexahedron or Cubb. (Gr. *E| six, and ‘E5po, scat.) One of the five regular solids, so 
calk'd from its having six faces or scats. 

Hkxastylr. (Gr. *E| and 
SrwAoy, column.) That 
species of temple or build- 
i Qg having six columns in 
front. {Fig* 1408.) See 
Colonnade. 

Hick -JOINT Pointing. That 
species of pointing in 
which, after the joints are 
raked out, a portion of su- 
perior mortar is inserted 
between the courses, and 
made perfectly smooth with 
the surface. See Pointing. 

Hieroglyphics. (*I«poj, sa- 
cred, and I en- 

grave.) Sculpture or pic- 
ture-writing, which has 
obtained the name from 
being most commonly found on sacred buildings. They consist in the expression of 
a series of ideas by representations of visible <rt)jects. The name, is, however, morn 
particularly appli^ to a species of writing used by the ancient E^ptians, of three 
different varieties of characters:—!. The hieroglyphic, properly so called, wherein the 
representation of the object conveys the idea of the o^'ect itself. 2. That in which the 
characters represent ideas by im^es of visible objecU used as symbols. 3. That 
consisting otpk<metiG characUr%t in which the sign does not represent ^ object but a 
sound. 

Hnenoo AscHiTBcruBa. See Indian Abchitecturb. 

Hixaxs (from Hang.) The metal joints upon which any body turns, such as doors, 
shutters, &c. There are many species of them, as d(^ribed under the names. 

Hip. a piece of timber placed between every two adjacent inclined aides of a hip roof, 
for the purpose of receiving what are called the jack rafters. 

Hip Knob. A flnial, placed at the end of the ridge pirn of a roof, or apex of a gable, and 
against which abuts the barge board of a gable; it is often finished with a pendant. 

Htp Modtji. A term used by some workmen to denote the back of the hip ; by othevf it 
is used to signify ths form or pattern by whidi the hip is set out. 

Hip or Eippid Boop. A roof whose return at the end of a building rises immedSalify 
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from the wall plate with the same inclination as the adjacent sides. The back of a hip 
is the angle made on its upper edge, to range with the two sides or planes of the roof, 
between which it is placed. The^Wf are those short rafters which are shorter 

than the full-sized ones to fill in against the hips. 

Hip or Oornkr Tiles are tho8(5 usod at the hips of roofs ; they are ten inches long, and of 
appropriate breadth and thickness, and bent on a mould before burning. 

Hippodrome. (Gr. 'Iinros, a horse, and ApofAot, a course.) In ancient architecture a 
place appropriated by the Greeks to equestrian exercises, and one in which the prises 
were contended for. The most celebrated of these was at Olympia. It was four stadia 
(each 626 feet) long, and one stadium in breadth. 

Hoard. (Sax. Ho;it>, to keep.) A timber enclosure round a building, in the course of 
erection or under repair. 

Hod. a utensil employed by labourers for carrying mortar or bricks. 

lloaoiNG. That curve upwards or convexity which is given to the middle of a long line, 
as the ridge of a roof, to prevent it appearing to have sunk in that part of it. It is 
carrying out the scamilli impares recommended by Vitruvius for the same purpose. 

Holdfast. A long nail, with a flat short head for securing objects to a wall. 

Hollow. A concave moulding, whose section is about the quadrant of a circle ; called, 
sometimes, by the workmen a casement. 

11 ;llow Newel. An opening in the middle of a staircase. The term is used in contra- 
distinction to solid newel, into which the ends of the stops are built. In the hollow 
newel, or well hole, the steps are only supported at one end by the surrounding wall of 
the staircase, the ends next the hollow being unsupported. 

Hollow Q,uoins. Piers of brick or stone made behind the lock gates of ciinals. 

Hollow Wall. One built in two thicknesses leaving a cavity between them, for the 
purpose of preventing rain being drifted through the brickwork into the apartment, or 
for preserving a uniform temperature therein. They are tied together at intervals 
by iron ties, square slate, &c. A lining of slate in the cavity has lately been added. 

Humkstall and Homestead. A mansion, or seat i n the country. 

Homologous. In geometry, the corresponding sides of similar figures. The areas and 
solid contents of such figures are likewise homologous. 

Hood Mould. The projecting moulding forming a drip to protect the other mouldings 
to a door or window. See Label. 

Hook. (Sax. Hoec.) A bent piece of iron, used to fasten bodies together, or whereon to 
hang any article. They are of various kinds. 

Hook Pin. The same as Draw-hohr Pin. 

Horiz<’)Ntal Corkiob. The level part of the cornice of a pediment under the two inclined 
cornices. 

IIoHUDoXTAL liiNB. In perspective, the ranisliing line of planes parallel to the horizon. 

Horizontal Plane. A plane passing through the eye parallel to tlie horizon, and pro- 
ducing the vanishing line of all level planes. 

Horizontal Projection. The projection made on a plane parallel to the horizon. This 
may bo understood perspoctively, or orthographically, according as the projecting rays 
are directed to a given point, or perpendicular to a given point. 

Horn. A name sometimes given to the Ionic volute, 

Horrbum. See Granary. 

Horse Bijock. A square frame of strong boards, used by excavators to elevate the ends 
of their wheeling planks. 

Horse Run. A contrivance for drawing up loaded wheelbarrows of soil from the deep 
cuttings of foundations, canals, docks, &c., by the help of a horse, which goes back- 
wards and forwards instead of round* as in a naree-gin. 

Horseshoe Arch. An arcli which, being higher than a semicircle, the radius is continued 
down on to the capital. It is chiefly used in Sanu^enic architecture. 

Hospital. A building erected for the care of sick persons. It is also given to one for 
infirm persons, as Greenwich Hospital, but that is properly an infirmai^. 

Hostel or Hotri.. (Fr. H6teL) This word is used to denote a large inn, or place of 
public entertainment ; but on the Continent it is applied to a large house, either of a 
private or public nature. One of the most interesting of the former class in Paris, is 
that of the celebrated H6tel de Cluny {fg. 1400), now oontaining a museum of medimval 
antiquities. It was erected at the end of the 16th century, the works being returned in 
1400, after some interruption, by Jacques d’Amboise, Abb4 of C^ony. (See pa^ 939.) 

Hot House. A general tenn for the glass buildings used in gnidening, and including 
Steves, greenhouses, orangeries, snd conservatories. Pits and friunes are mere gardelk 
structures, with glass roedh, the sides and ends being of brick, stone, or wood» ^ so 
low as to prevent entrance into them ; they cannot therefore be considered as hot- 
houses. 

House. (Gem. Haim.) A huBian habitation or place of nbode of a fisatiij* Assoogths 
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iMitions of the east and of the sonthi houses are flat on the top, to which ascent is ^neral 
on the outside. As we proceed northward, a decliritjr of the roof becomes requisite to 
throw off the rain and snow, which are of greater continuance in higher latitudes. 
Amongst the ancient Greeks, Romans, and Jews, the houses usually enclosed a qiiad- 
rtingular area or court, 
open to the sky. This 
part of the house was 
by the Komaus called 
the impluvmm or caiv^ 
dium^ and was provided 
with channels to carry 
off the waters into the 
sewers. Both the Ro- 
man and Greek house 
is described by Vitru- 
vius, to whose work we 
must refer the reader 
for further information 
on these heads. The 
word house is used in 
various ways ; as in 
the phrase, ‘*a religious 
house,” either the build- 
ings of n monastery, or 
the community of per- 
sons inhabiting them 
may bo designated. In 
the middle ages, when 
a family retired to the 
lodge connected with 
the mansion, or to their 
country seat, it was 
called “ keeping their 
secret house.” Every 
gradation of building 
for habitation, from the 
cottage to the palace, is 
embraced by the word 
house, BO that to give a 
full account of the re- 
quisites of each would 
occupy more space than 

can be derotil to the 

subject in this place. ™ . 

norsixo. The .pSi. takon 

out of one solid for the insertion of the extremity of another, for the purpose of connect- 
ing them. Thus the string laiard of a stair is most frequently notched out for the 
reception of the steps. 

Botbi.. An open shea for sheltering cattle, for proU'cting produce or materials of different 
kinds from the weather, or for performing various country operations during heavy 
rains, falls of snow, or sei'ere frosts. 

Hovslliko. a mode of preventing chimneys from smoking, by canying up two sides 
higher than those less liable to receive strong currents of air; or apertures are left on 
all the sides, so that when the wind blows over the top, the smoke may escape below. 

Hub. In painting, any degree of strength of colour, from its deepest to its weakest tint, 

Bumdrbd of Limb. A denomination of measnre which, in some places, is equal to thirty- 
flve, in others to twenty* five, heaped bushels or bags, the latter being the quantity 
about London, that is, one hundred pecks. The hundred is also used for numbering, 
thus deals are sold by the long hundred, or six score. Pales and laths are sold at five 
score to the hundred if five feet long, and six score if only three feet long. The hundred 
weight is 112 lbs. avoirdupois ; the Umg hundred weight is 120 lbs. ; so that the former 
IS to the latter as '93808 to 1. 

HtTBO, iKiuBUB aim siNaui. A term applied to sashes ; the first when lioth the upper 
and lower aash are balanced by weights, for raising and depressing ; and the last trhen 
only one, usually the lower one, is btUanoed the puU^. 

Hubbicabb. a violent storm of wind, calculated at a vel^ity of from SO to 100 miles 
per hour] and to exercise c. force of from 811 to 49 lbs. per superficial foot^ In places 
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where buildings ard subject to destructive hurricanes, the jufeCaufions to be observed 
bate been described in the Pup^s, &c., of the Corps of B^al Engineers, new serief 
18&l» vol. i. The whole of the roof should be fixed ^wn to the wall-plete, and the 
wall* plate to the wall; the wall being made strong enough to resist the powerful cur- 
rent of air rushing against it. Where buildings are of wood, the framewt^k should be 
tied into the ground, or into stone piers fixed in the ground. During the hurricane at 
Barbadoes, on the 11th August 1831, buildings having substantial partitions at short 
intervals, withstood the blast, whilst others without thefii were blown down. Inside 
buttresses would answer the purpose. Shutters should be made to open on pivots at top 
and bottom. Joists used in galleries and verandahs, when let into the wall, tend to upset 
it. All brickwork should be English bond wdl grouted throughout, the bricks having 
first been well saturated with water, and the mortar made of four parts of sand care- 
fully selected, mixed with one of coral lime ; this mixture sets very strong. In the 
hurricane mentioned, a small building arched like a gunpowder magazine was uninjured ; 
and a hospital building, well tied with iron, also wiujstood the storm. Boofs when 
reconstructed had diagonal bracing inserted to stififen the rafters ; parapet walls were 
found to protect roofs. Elat roofs, such as those used in the Mauritius, are perlnips 
the best to use. 

Hut. A small cottage or hovel, generally constructed of earthy materials. 

Hydbaultcs. (Gt. and Av\or, a pipe.) That branch of natural pliilosophy which 
treats of the motion of liquids, the laws by which they are reguUit^, and the elFecta 
which they produce. By some authors the term hydrodynamics is used to express the 
science of the motion of fluids generally, whilst the term hydraulics is more particularly 
applied to the art of conducting, raising, and confining wat^, and to the construction 
and performance of waterworks. 

Hydrostatics. (Gr. 'T15«p and Sraw, I stand.) The science which explains the properties 
of the equilibrium and pressure of liquids. It is the application of statics to the pe- 
culiar constitution of water, or other bodies, existing in the perfectly liquid form. The 
following is the fundamental law whereon the whole doctrine of the equilibrium and 
pressure of liquids is founded : when a liquid mass is in equilibrium under the action 
of forces of any kind, every molecule of the mass sustains an equal pressure in all 
directions. 

HTPjUTHRiL. (Gr. *Tiro, under, and A*6up, the air.) A building or temple open to the 
air. The temples of this class are arranged by Vitruvius under the seventh order, 
which had ten columns on each front, and surrounded by a double portico as in dipteral 
temples. The coll was open, whence the name, but it generally had round it a portico 
of two ranges of columns, one above the other. See Tkmplk. 

IIypbbboia. (Gr. ‘Twfp, over, and BoAAw, I throw.) One of the conic sections, being 
that made by a plane cutting the opposite side of the cone produced above the vertex, 
or by n plane which makes a greater angle with the base than the opposite side of the 
cone makes. 

Hypbbbouo Conoid, or Hypehboloid. A solid formed by the revolution of an hyper- 
bola about its axis. See Conoid. 

Hypmrbolic Cyxindroid. A solid formed by the revolution of an hyperbola about its 
coqjugate axis or line through the centre, perpendicular to the transverse axis. 

HYPBBTBTBUir. (Gr. *Tir€p and ©wpo, a door.) The lintel of the aperture of a doorway. 

Htpooaustvx. (Or. *Tiro, under, and Keuw, I burn.) In ancient architecture, a vaulted 
apartment, from which the heat of the fire was distributed to the rooms above by means 
of eart.hen tubes. This contrivance, first used in baths, was afterwards adopted in 
private houses, and is supposed to have diffused an agreeable and equal temperature 
throughout the different rooms. 

HTPoo.«uaf» (Qr.) A term applied among the andents to those parts of a bnilding 
which wefe below the level of the ground. 

Htpopodiw. a footstool used In the ancient baths. 

Htposckniuv. In ancient architecture, the front wall of the theatre, facing the orchestra 
from the stage. 

Hyposttlb. (Qr.) Work supported by columns ; a covered colonnade, or a pillared hall. 

Htpotrachhuum. (Gt. under, and Tpaxv^or, the ned^.) The dendereet part of 
the shaft of a column, being that immediately below the neck of a eapitaL 

I 

Ion Housn* A subterranean dep6t for preserving ice dnrihjl the winter^ The most ho-* 
portent afftiee that can be given to the builder of an icehouse is, that it hNso Ihcgdngfdy 
capable ef drainage, from lowest point of its floor, as to permit no water ever to 
collect it; tfia aeeomplidied, no difficulty will, with common pivfaotiQii, 'prevent 
the pretwation hf the ice. The aapeet of such a building should ba umedi the mth- 
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east, that the morning son mKr expel the damp air which ia were prejudicial than 
warmth. If possible it should be placed on a declivity for the fwjility of drainage, At 
the end of the drain which is to carry away the water arising the melted ice, a 
perfwt air trap should be placed, to prevent all communication ^tween the external 
and internal air, from which trap the water should bo carried oflF without the possibility 
of obstruction. With respect to the dimensions and form of the ioe house, the former 
may be of a medium diameter, from fifteen to twenty feet ; a moderate size would be. 
from eight to fifteen feet. The best form is the frustum of an inverted cone, ten to twenty* 
feet deep, bricked round, and with double walls, a cavity of four inches being left 
between them. The ice is sustained on a giated floor, through which tlie water i^rapiiUy* 
carried off by the drainage first mentioned. The ico is best collected during the severest 
part of the frost, and should bo pounded as laid in the ice house, besides being well 
rammed down as it is put in. Snow however, hanl rammed, will answer when iiifi can- 
not be obtained. Tlie ontuince may bo at the top by double flaps well covered over^ 
with straw ; or near the top at the side by a lobby with a door at each end, and filled- 
with trusses of straw to koup out the air. 

IcHNOGRAPHY. (Gr. lx*'Wi model, and rpa<l>w, I draw.) The representation of the 
ground plot of a building. In perspective, it is its representation, intearsocted by an 
horizontal plane at its base or ground floor. 

Icosahedron. (Gr. E<ico<rj, twenty, and 'E5pa, seat.) One of the five regular or platonic 
liodies, bounded by twenty equilateral and equal triangles. It may be regarded as con- 
sisting of twenty equal and similar triangular pyramids, whoso vortices all meet in the 
same point; and hence the content of one of these pyramids, multiplied by twenty, gives 
the whole content of the icosalicdron. 

Image. In perspective, the seenographic or perspective representation of an obj'oct. 

Imbow. (Verb.) To arch over or to vault. 

Imiiuicated Tracery. A pattern formed like the tiles on a roof. 

Impages. a term used by Vitruvius (lib. iv. c. 6.), which has usually been considered as 
meaning the rails of a door. 

Imperial. (Fr.) A species of dome, whose profile is pointed towards the top, and widens 
towards the base, thus forming a curve of contrary flexure. 

Imperials. A sized slate used in roofing. 

Impetus. (Lar.) In mechanics, the same with momentum or force, 

Implutium. (Lat.) In ancient architecture, the uncovered court of a house. In the 
summer time it was the practice to stretch an awning over it. The term is also applied 
to the sinking in tlie floor to receive the water. 

Impost. (Lat. Impono, I lay on.) The capital of a pier or pilaster which receives an arch. 
It varies in the different orders; sometimes the whole of the entablature servos at tlie 
impost to an arch. The term is applicable to any supporting piece. An impost is said 
to be mutilated when its proj’ection is diminished, so that it does not exceed that of the 
adj’oining pilaster which it accompanies. 

Inbond Jambstonk. a bondstone laid in the joint of an aperture. 

Inceetum. (liat.) A term used by Vitruvius to designate a mode of building which con- 
sisted of small rough stones and mortar, and whose face exhibited irreguhirly formed 
masonry, not laid in horizontal courses. See Masonry. 

Inch. A measure of length, being the twelfth part of a foot, and is usually subdivided 
into eighths and sixteenths. See Foot. 

Incised Slab. A memorial to a deccHsed person, sometimes plainly lettered, and occa* 
fiionally ornamented with brasses; they usually formed the pavement of ancient 
churches. See Mural Slab. 

Inclination. (Lat.l The approach of one line, which if continued will meet another or 
the same of two planes. 

Inclined Plane. One of the five simple mechanical powers, whose theory is deduced 
from the decomposition of forces. 

Incrustation. (Lat) Anything, such as mosaic^ scagliola, &c., applied hy some con- 
necting medium to another body. 

Indefinitb. (Lat) AnytWng which has only one extreme, whence it may be produced" 
infinitely as it is produced from such extreme. 

Indbxtki). (Xjat) Toothed together, that is, with a projection fitted to a recess. 

Indian ABCiirrfiCTUBa. The Buddhist and Mahometan buildings of Hindostan are* 
comprised under this title. Koek-cut temples, temples, pillars, monumental tombs, 
halls, tanlut &c., show the eiergy and skill of these ]:>eople, many of the works being 
profbaelj covered with sculpture and carvings, the earlier works chiefly having reference 
to their religipp. ' 

Induration. (Icit^ A tenn applied to the firmer consistence whieh a body acquires ftom 
Tarious causes. , 

iNiurru. (Lat. Iners.) A term applied to that law of the material world whiph is known 
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to predicate that all bodiei are abeolutely passive or indifferent to a state of rest or 
motion, and would continue in those states unless disturbed by the action of some 
extrinsic force. Inertia is one of the inherent properties of matter. 

iKFuaTB. (Lat. InfinituB, boundless.) In geometry, that which is greater than any 
assignable magnitude ; and as no such quantities exist in nature, the idea of an infinite 
quantity can only, and that most imperfectly, exist in the mind by excluding all notioos 
of boundary or space. 

IxFiBMABT. A public building for the reception of infirm persons ; but the term is more 
generally used to denote a sick ward attached to some public establishment. 

Inlaid Work. Work in which the surface of a material is cut away to allow of the 
substitution of metal, stone, cement, wood, ivory, tortoiseshell, mother-of-pearl, or 
other substance, with a flush surface. Such is Buhl Work, Marquetry, &c. Mosaio 
Work in stone is also inlaid work. The inlaying of metal on metal is called 
damaseming. Veneering is also a species of inlaying. 

Inner Plate. The wall plate, in a double-plated roof, which lies nearest the centre of 
the roof; the side of the other wall plate, called the outer plate^ being nearer the outer 
surface of the wall. 

Inner Square. The edges forming the internal right angle of the instrument cs41<^ a 
square. 

Inserted Column. One that is engaged in a wall. 

Instruments, Mathematical. Those used for describing mathematical diagrams and 
drawings of every description, when the figures or elementary parts of them are com- 
posed of straight lines, circles, or portions of them. The indispensable instruments for 
such operations are a drawing fen^ a fair of plain compasais, commonly called dividers, 
a pair of drawing compasses, a port crayon and pencil foot, a pair of how, of triangular, 
and of proportional comy^ses, a protractor in the form of a semicircle or rectangle, 
and graduated on the jUpli, a plain scale, and a parallel rule. 

Insular, or Insulated BWidino. Such as stands entirely detached from any other. 

Insulated Column. One detached from a wall, so that the whole of its surface may be 
seen. 

Intaglio. (It.) Sculpture in which tlie subject is hollowed out, as for a seal, so that 
the impression from it would present the appearance of a bas-relief. 

Intavolata. The same as Cyma. 

Intercepted Axis. In conic sections, that part of the diameter of a curve comprehended 
between the vortex and the ordinate. It is also called the abscissa, and forms an arch 
of a peculiar kind. 

Intkrcolumniation. (Lat, Inter, between, and Columna, a column.) The distance between 
two columns measured at the lower part of their shafts. It is one of the most important 
elements in architecture, and on it depends the effect of the columns themselvea, their 
pleasing proportion, and the liarmony of an edifice. Intorcolumniations are of five 
species, pgcnostglos, systylos, diastylos, arcsostylos, and cusiylos, which see. 

Intkrdbntels. The space between two dentels. From a comparison of various examples 
it seems that the Greeks placed their dentels wider apart than the Romans. In the 
temple of Bacchus at Teos, the interdentol is two-thirds the breadth of the dontel, aud in 
that of Minerva Polias at Priene, the intordenlel is nearly three-fourths. In the temple 
of Jupiter Stator at Home, the interdentels are equal to half the breadth of the denteh 

Interduck. The same os Intertie. 

Interior Angle. An angle formed withip any figure by two straight lined parts of the 
perimeter or boundary of the figure, the fsxterior angle being that which is formed in 
producing a side of the perimeter of the figure. The term is also applied to the two 
augles formed by two parallel lines, when cut ou each side of the intersecting line. 

Interior and Opposite Angles. An expression applied to the two angles formed by a 
line cutting two parallels. 

Interlacing Arches. Semicircular aches as in an arcade, the mouldings of which 
intersect each other, as frequently seen in Norman architecture. Milner supposed 
the Pointed style to have had its origin from them. 

Internal Angle. See Intbbiob Angle. 

iNfERTiBS. Short pieces of timber used in roofing to bind upr^bt posts together, in 
roofs, in partitions, in lath and plaster work, and in walls with timber framework. 

Intonaco. (It) The term often applied to the whole coating of plastering upon a 
wall or ceiling ; but properly it means the finishing coat only. 

Intrados. The interior and lower line or curve of an arch. The exterior or upper curve 
is called the cximdios. See Arch. 

Invention. (Lat Invenio, I find.) In the fine atts, the choice and productioa nf such 
ol^jeets as are proper to enter into the oompoaltion of a work of art ** Strictly speak- 
ing,'* says Sir Joihaa Reynolds, ** invention is little more than a new combination of 
thM images which hare been previously gathered and dbfoaited in the memory: 
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Milling can come of nothing ; he who has laid up no materials can produce no com* 
binations ” Though there be nothing new under the sun, yet novelty in art will be at- 
tainable till all the combinatious of the same things are exhausted, a circumstance that 
can never come to pass. 

Invjirted Abch. An arch turned with its back and keystone downwards. It is used in 
foundations, to distribute the weight of articular points orer the whole extent of the 
foundation, and hence its employment is frequently of tlie first ii]y)ortance in construo- 
tive architecture. Such an arch has been used in some of the £mglish cathedrals to 
form a buttress between the piers of the central tower when they appeared to be giving 
way from the weight above. 

IirvoLUTB. SeeEvoLUTB. 

IirwaRD Anolb. The re-entrant angle of a solid. See Iiobrior Angle, 

Ionic Order. The second of those employed by the Greeks, and the third used by the 
Homans and in Italian architectiiro. The capital is known by tlie volutes. Bentels 
are used in the comice. Tlie proto-Ionic is considered to be found in the capital of the 
columns at Persepolis. The Anthemion is an ornament peculiar to this order. 

Iron. One of the chief metals. The metallic products of the iron manufacture are of 
throe kinds: maUeable or wrought iron, being pure or nearly pure iron ; oast iron; and 
steely being certain compounds of iron with carbon. In all cases cast iron is best for 
exterior, and wrought iron for interior purposes — as the former is not acted upon so 
greatly by atmospheric influences. 

luoNKD-iN. Ashlar work, when acted upon by water, is sometimes set in hydraulic 
cement, the joints being filled and rubbed up so as to make the stuff curl out, which is 
then to bo neatly struck off and ironed-in to secure a good water-tight joint. 

Ironmongery. The articles in iron and other ware, required by the builder during the 
execution of his works ; such as bolts, locks, and other fastenings, hinges, nails, spikes, 
screws, and such-like. 

Irregular Figure. One whose sides, and consequently angles, are unequal to each other. 

IsAGON. (Gr. l(rof, equal, and Toivia, an angle.) A figure with equal angles. 

IsLK or Ilm. The old way of writing aisle or aile. 

IsoDOMUM. (Gr.) One of the methods of building walls practised by the Greeks. It was 
executed in courses of equal thickness, and with stones of equal lengths. The other 
method was called fseudisodomum, in which the heights, thicknesses, 'and lengths of 
the stone were different. There was yet another mode called Emplecton. 

IftOMETuicAL Projection. A system of drawing objects similarly to a bird’s-eye view, 
excepting that parallel lines are not made to radiate to vanishing points as iu that and 
in the usual perspective. It was matured about 1823 by Professor Parish, who explained 
it in the Transactions of the Cambridge Philosophiciil Society, vol. 1. The figures 
690/ and 600 are drawn by this method of representation. 

Isosceles Triangle. One in which two of tlie sides are of equal length 

Italian Architecture. That ataptetion of ancient Eoman architecture which com- 
menced at the period of the Ban iHy ce of Art in Italy. 

J 

Jack Arch. One whose thickness is of one brick. 

Jack Flake. A plane about eighteen inches long, used in taking off the rough surface 
left by the saw or that of the axe, ami for taking off large protuberant parts, to prepare 
the stuff for the trying plane. 

Jack Rafter. See Hip Roof. 

Jack Riw, Those in a groin, or in a polygonally-doraed ceiling, that are fixed upon the 

Jack Timber. Any one Interrupted in its length, or cut short. 

Jamb Linings. The two vertical linings of a doorway which are usually of wood. 

Jamb Posts. Those introduced on the side of a door, to which the jamb linings are fixed. 
They are particularly used when partitions are of wood. 

Jamb Stonbs. In stone walls, those which are employed in building the sides of 
apertures, in which every alternate stone should go entirely through the thickness of the 
walk * 

Jambs. (Fr.) The sides of an aperture which connect the two sides of a wall. See 
Aperture and Chimney. 

Jerkin Head. The end of a roof not hip{^ down to the level of the opposite adjoining 
walls, the gable being carried hi^er than the level of those walls. 

Jetty. The projecting part of a building, as an upper story beyond a lower one. 

Jewish or Hebrew Architecture. Very little beyond the references in the Scriptures 
is known of the works of these ancient people. Th^ excavations lately mode at Jeru*'* 
Salem hsTe not led to any discoveries of value relating thereto. 

40 2 
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Jxs BomL A door so constructed as to hare the same continuity clf surface with that" of 
the partition or wall in which it stands* Its use is to preserve an unbroken surface in 
an apartment where one door only is wanted nearer to one end of a room than another, 
and generally for the purpose of preserving uniformity. 
tfiBLET Chbbic. See Giblkt Ohbck. 

Jooai.B. The joint of two bodies so constructed as to prevent them sliding past each 
other, by the application of a force in a direction perpendicular to the two pressures by 
which they are held together. Thus the struts of a roof are joggled into the truss posts 
and into the rafters. When confined by mortise and tenon, the pressure which keeps 
them together is that of the rafter and the reaction of the truss* post. The term is also 
used in masonry to signify the indentation made in one stone to receive the projection 
in another, sp as to prevent all sliding on the joints. This may be also accomplished 
by means of independent pieces of material let into the adjacent stones. See Cramp; 
Dowel, 

loGGLH Piece. The truss post in a roof when formed to receive a brace or strut with a 
joggle. 

Joiner. The artisan who joins wood by glue, framing, or nails, for the finishings Cf a 
building. 

JoiNBBT. The practice of framingor joining wood for the internal and external finishings 
of houses ; thus the covering and lining of rough walls, the covering of rough timbers, 
the manufacture of doors, shutters, sashes, stairs, and the like ore classed under this 
head. 

Joint. The surface of separation between two bodies brought into contact and held 
firmly together, either by some cementing medium, or by the weight of one body lying 
on another. A joint, however, is not merely the contact of two surfaces, though the 
nearer they approach the more perfect the joint. In masonry, the distances of the 
planes intended to form the joint is comparatively considerable, because of the coarse- 
ness of the particles which enter into the composition of the cement. 

Jointer. In is the largest plane used by the joiner in straightening the face of 

the edge of the stuff to be prepared. In bricklaying, it is a crooked piece of iron form- 
ing two curves of contrary flexure by its edges on each side, and is used for drawing, 
by the aid of the jointing rule, the coursing and vertical joints of the work. 

Jointing Rule. A straight edge used by bricklayers for the regulation of the direction 
and course of the jointer in the horizontal and vertical joints of brickwork. 

Joist. (Fr. Joindre.) The timber whorfto the boards of a floor or the laths for a 
ceiling are nailed. Joists rest on the walls or on girders; sometimes on both. When 
only one tier of joists is used, the assemblage is called single^fiooriitg \ when two, 
double- flooring. 

JuBE. (Fr.) The rood loft or screen at the entrance to the choirs of French cathedrals. 
In England it is usually called the chancel screen. It is also the stand (often ending 
upwards in an eagle with expanded wings) on which the Gospel is placed to be read, 
receiving its name from the words “ Jube Domne h|i*dicere,” used by the deacon when 
the missal is presented to him by the officiating ut mass, previous to the reading 

of the Gospel. See Choir Screen and Rood LoliT 
Juffbrs. An obsolete term for pieces of timber four or five inches square. 

Jump. An abrupt rise in a level course of brickwork or masonry to accommodate the 
work to the inequality of the ground. Also in quarrying^ one among the varioue 
names given to the dislocations of the strata in quarries. 

Jumper. A long iron chisel used by masons and miners. ' 

K 

Kamptulicon. An elastic covering for floors. See Floorcloth. 

Keblau, or Eibleh. The point in a mosque designating the direction of the temple of 
the Mahometans at Mecca. 

Keel. The fillet, raised edge, or sharp arris, formed on roll mouldings, by which the 
heaviness of the large ones was relieved, and diversity gained without loss of mass. 

Keep, or Keep Tower, A term almost synonymous with donjon. See Castle. 

Kerb. See Kibb. 

Kerf. The way madft by a saw through a piece of timber, by displacfUg the wood with 
the teeth of the saw. 

Kernrl, or Kernbllb. See Crenelle. 

Kbt. (Sax. Csege.) An instrument for driving back the holt of a lock. The key of a 
floor is the board last laid down. In joinery generally, a key is a piece of wood let into 
the hack of another in the contrary direction of the grain, to preserve the last 
wamng. 

Xht Stoke. The highest or central atone of an arch. See Arch. In Gothic vnnltifig, 
see Fskdent and Boss. 



aLOSSARY. isai 

JTED Dado. That which has bars of wood grooved into it across the grain M the bach 
to prevent it warpinff, 

Kkts, In naked floonng are pieces of timber fixed in between the joists by mortise and 
tenon. When these are fastened with their ends projecting against the sides of the 
joists, they are called s^rutim^-jneoes, 

KiJJf. A building for the accumulation and retention of heat in order to dry or bum 
certain materials deposited within them. 

Kino Post. The centre post in a trussed roof. See Crown Post. 

£ibb Plate, Hoof, and Stone. See Curb Plate ; Curb Roof ; and Curb Stone. 

Kitchen. (Fr. Cuisine.) The apartment or office of a house wherein the operations of 
cookery are carried on. 

Knee. A part of the back of a handrailing, of a convex form, being the reverse of a 
ra??fpf which is also the back of a handrail, but is concave. The term knee is also 
given to any small piece of timber of a bent or angular form. 

Knee Piece, or Knee Rafter. An angular piece of timber, to which other pieces in the 
roof are fastened. 

Knobblino. Knocking oft the rough protuberances of hard rock stone at the quarry. It 
•is called also skiftling. 

Knocker. A movable sort of hammer, more or less of an ornamental character, hinged 
to the facQ of a dooT or gate by which attendance is claimed to the demands of those 
requiring admittance. The hiob which is struck upon is sometimes called a door-nail. 

Knot, or Knob. A bunch of leaves or flowers, as the bosses at the ends of a label ; at the 
intersection of ribs ; and in capitals. 

Knotting. The preliminary process in painting, to prevent the knots appearing, by cover- 
ing them with a coat composed cf red read, then ^^hite lead and oil, and lastly, a coat 
of gold size. Sometimes leaf silver is used. Also a knotting size. 

Knuckle. The joint of a cylindrical form, with a pin as an axis, by which the straps of 
a hinge are fastened together. 

Knulling. a moulding nearly flat, and similar in character to a bead and reel orna- 
ment It is chiefly used in cabinet work. 

Koss, A measure of length used in India, which varies in difterent provinces ; generally 
about two mil-s. 

Kurb Stone. See Curb Stone. 


L 

Label, Iu Gothic architecture, the drip or hood moulding over an aperture when it is 
returned square. 

Labour. (Lat.) A term in masonry employed to denote the value of a piece of work in 
consideration of the time bestowed upon it. 

Labyrinth. (Gr, Aa€vpit'6os.) Literally a place, usually subterraneous, full of inextri- 
cable windings. The four celebrated labyrinths of antiquity were the Cretan, Egyptian, 
Lemnian, and Italian. The first has the reputation of being the work of Da^alus to 
secure the Minotaur; the second is said to have been constructed under the command of 
Psammeticus, king of Egypt ; the third was on the island of Lemnos, and was sup- 
ported by columns of great beauty ; the fourth is reported to have been designed by 
Porsenna, king of Etruria, as a tomb for himself and his successors. 

Labyrinth Fret. A fret, with many turnings, in the form of a labyrinth. See Fret. 

Laconicum. (Lat.) One of the apartments in the ancient baths, so called from its having 
been first used in Laconia. 

Lacquer. A yellow varnish, consisting of a solution of shell-lac in alcohol, coloured by 
gamboge, saftron, annotto, or other yellow, orange, or red colouring matters. The use 
of lacquer is chiefly for varnishing brass, and some other metals, in order to give them 
a golden colour and preserve their lustre, 

Lactariux. (Lat.) Strictly a daiir-house. In ancient architecture, it was a place in 
the Roman herb market, indicated by a column, called the Colunma Lactaria, where 
foundlings were fed and nourished. 

Lacunar. (Lat.) The ceiling or under surface of the member of an order. Also the 
under side of the larmier or corona of a comice. The under side also of that part of 
the architrave between the capitals of columns, The ceiling of any part in av^- 

' tecture receives the name of lacunar only when it consists of compartments sunk or 
hollowed, without spaces or bands, between the panels; if it is with bands, it is called 
lagwar. 

Lady. A sised slate used in roofing. 

Lady Chapel. The name mven to a chapel dedicated to the ^Hrgin, generally, is 

' apeient cathedrals, placed behind the high altar. 
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Laqouto, or XjAOGins. The planks laid on the ribs forming the centreing of an arch, to 
carry the stone or brickwork. 

XiiKCBT AsciL One whose head is shaped like the jpoint of 
a lancet, and generally applied to long narrow windows. 

Fig. 1410. 

Landinq. The terminating £oor of a flight of stairs, either 
above or below it. 

Lantern. (Fr. Lanceme.) A structure either square, circular, 
elliptical, or polygonal, on the top of a dome. It is also the 
iipnght windows placed over the ceiling of an apartment, 
to give light. The internally polygonal tower over the in- 
tersection of the nave with the transepts of a church, as at 
Ely Cathedral ; St. Helen’s, York, &c., is also so called. 

Lap. The part of one body which lies on and covers another. 

Laqueab. See Lacunar. 

LARARroif. (Lat.) In ancient architecture, the apartment in 
which the lares or household gods were deposited. It 
frequently contained also statues of the proprietor’s Arch, 

ancestors. 

Larder. The place in which undressed meat is kept for the use of a family. 

Larmier. (Fr.) The same as Corona. 

Lat, or Lath. The Sanscrit term for a pillar. 

Latch. The catch by which a door is held fast. 

Latent Heat. That which is insensible to the thermometer, upon which the liquid and 
aeriform states of bodies depend, and which becomes sensible during the conversion of 
vapours into liquids and of liquids into solids. 

Lateral Strength. The resistance which a body will afford at right angles to its grain. 

Lateral Thrust. The weight, or rather pressiue, of materials sideways, as in an arch. 

Lath. (Sax. Lsetta.) A thin piece of wood used in slating, tiling, and plastering. 
For the latter, there are two sorts, double and single, the former being about threo- 
oighths of an inch thick, and the latter barely a quarter of an inch. Laths for slates 
and for pantiles are pieces of fir, about three inches by one inch thick, to which the 
former are nailed, and on to which the latter are hung. 

Lath Brick. A species made in some parts of England. They are twenty-two inches 
long and six inches broad. 

Lath floated and set fair. Three-coat plasterers* work ; the first is called pricJcing 
n'p ; the hQcond Jioatmg\ the third, or finishing, done with fine stuff, is the setting coau 

Lath laid and set. Two-coat plasterers’ work, except that the first 's called laying ^ 
and is executed without scratching, unless with a broom. When used on walls, this 
sort of work is generally coloured ; when on ceilings, it is whited. 

Lath plastered, set, and qoLOURED. The same as lath laid, set, and coloured. 

Lath pricked up, floated, and set fob Paper. The same as lath floated and set faw, 

I'Attice. (Fr. Lattis.) A reticulated window, made of laths of wood, strips of iron, or 
other materials, and only used where air, rather than light, is to be admitted, as in 
cellars and dairies. 

Laundry. It should bo spacious and well supplied with every convenience for washing; 
drying, mangling, and ironing the linen of a family or of an establishment. Horses, or 
frames of wood, should be provided for hanging the linen upon to diy, which should 
be suspended to the timbers of the ceiling by pulleys, by which they may be raised 
and lowered, unless a drying closet heated by a stove or hot water be provided; this 
is fitted up with horses running on iron rails backwards and forwards. 

Lavatory. (Lat.) Besides the reference to the monks’ lavatories, as noticed s.v. 
Cloistib, this term is now employed to designate a closet or small room fitted up 
with basins and other apparatus for washing bands ; it sometimes includes urinals and 
water-closets, or communicates with another room fitted up with th^ih. 

Law Courts. See Court of Justice. 

Layer. In brickwork and masonry, it is synonymous with Ootjbsi. 

Later Boarding. The same as Gutter Boarding; the boards being flxod to the 
bearers to carry the leadwork of a gutter to a roof. 

Laying. In plastering, the first coat on lath of two-coat work, the surface whereof is 
roughed by sweeping with a broom. The difference between laying and imdmng being, 
that the latter is the first coat upon brick. 

liASABHousB, OT Lasabetto. (Ital.) A hospital for the reception of the poor and those 
afflicted with contagious diseases. There are many in the southern states of Enrope 
for the performance of quarantine, into which those only are admitted who arrive' from 
countries infected by the plague, or suspected of being so. An account of the princiiml 
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Lbid. (Sax. Leeb.) The heaviest metal next to gold, platina, and morourj, being eleven 
times heavier than its own bulk of water. 

Leap. One side of a door, upright slab of stone, &c. 

Lkaztto. a building whose rafters pitch against or lean on to another building or wall. 

Lj4ab Boabd. The plank fastened on the feet of the rafters to cany the side piece of the 
lead of a gutttir under the bottom rows of the slating or tiling. 

Lkavbs. Leeap.) Ornaments imitated from natural leaves, whereof the ancients 

used two sorUi, natural and imaginary. The former were those of thd laurel, palm, 
acanthus, and olive ; but they took great liberties in the representations of all of them. 

Lkctern. The reading desk placed in the choir of mediajval churches. It was made in 
the shape of a pillar, with a slab for the book, and whs usually of biisasSt sometimes 
elaborately carved. It was superseded by the reading desk after the Boformation. 

Lbctobiuh. The ancient name for the place where the epistle was read in a church ; 
hence lectern and leitern for the desk itself. The lectorium in the German churches is 
now of rare occurrence, but one is to be seen in Meissen Cathedral. 

Lkcture Hall. A building erected for the special purpose of affording good accommodn- 
tion for a lecturer nnd his audience. It is sometimes a large room combined with 
others ; thus, in a village or small town, a building containing a lecture hall about fifty 
foot by thirty feet, iniglit have a reading room about twenty feet by eighteen feet, a 
clnavroom, with a vestibule and the usual necessaries. 

L:3Dok. a surface serving to support a body either in motion or at rest. Ledges of doors 
are the narrow surfaces wrought upon the jambs nnd sofites parallel to the wall to stop 
the door, so that when it is shut the ledges coincide with the surface of the door. A 
ledge, therefore, is one of the sides of a rebate, each rebate being formed of two sides. 
In temporary work the ledges of doors are formed by fillets, likewise called a stop. 
Also the horizontal planks in common doors, to which the vertical planks are nniled. 

Ledqbment. The development of a surface, or the surface of a body stretched out on a 
plane, so that the dimensions of the different sides may be easily ascertained. 

A string course or horizontal moulding. Ledgement table is applied to any of the pro- 
jections of a plinth in Gothic architecture, except the lowest ox earth table. 

Ledgers. In scaffolding fur brick buildings are horizontal pieces of timber parallel to 
the walls. They are fastened to the standards, or upright poles, by cords, to support 
the put-logs, which lie at right angles to and on the walls as they are brought up, and 
receive the boards fur working on. 

Legs of an Hyperdola. The two parts on each side the vertex. 

Legs of a Triangle. The sides which inclose the base. 

Length. (Sax. Lens.) The greatest extension of a body. In a right prism the length 
is the distance between the ends ; in a right pyramid or cone, the length is the distance 
between the vertex and the base. 

Leschb. (Qr.) A public, building among the Greeks, consisting of open courts with por- 
ticoes, the walls covered with paintings. It was used principally as a lounging place. 
The nearest modern approach to it appears to be the Buhmeshalle, or mercantile 
exchange, at Munich. Ancient writers state that these public meeting-places were so 
much in request that there were no less than 360 in Athens alone. 

Lettbrn, or Lectern. A desk in a church from which the lessons are read. See Amho 
iu the ancient church. An eagle with wings displayed, that bird being symbolical of 
S. John the Evangelist and his Gospel, was often used as a book board in the Middle 
Ages ; and is also seen in the cathedrals and in some largo churches in England. 

Letjcohb. See Lookum. 

Lkvet.. (Sax. LoBr®h) A line or surface which inclines to neither side. The term Is 
used substantively to denote an instrument which shows the direction of a straight line 
parallel to the plane of tiie horizon. The plane of the sensible horizon is indicated in 
two ways: by the direction of the plummet, or plumb line, to which it is perpen- 
dicular ; and by the surface of a fluid at rest. Accordingly, levels are formed either 
by moans of the plumb line, or by the agency of a fluid applied in some particular 
manner. They all depend, however, upon the same princi^e, namely, the action of 
terrestrial gravity. 

Tlie carpenter 8 level consists of a long rule, stoight on its- lower edge, about ten or 
twelve feet in length, with an upright fixed to its upper edge, perpendicular to and in 
the middle of the length, having its sides in the same plane with those of the rule, 
and a straight line drawn on one of its sides perpendicular to the straight edge of the 
nile. The mason's Uvd is formed of three pieces of wood, joined in the form of an 
isosceles triangle, having a plummet suspended from the vertex over a mark in the 
centre of the base. 

iLbvbxleno. The art or act of finding a line parallel to the horizon, at one or more sta- 
tions, in order to determine the height of one place with respect to another, for laying 
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grotinda even, regulating descents, draining morasses, conducting waters for the irriga- 
tion of land, etc. 

In the practice of levelling, it is evident that the level line, 
carried on by means of a spirit level or other instrument used for 
the purpose, is a tangent to the earth : it is therefore necessary to 
make an allowance for the difference between the true level B 0 and 
the apparent level B I). This difference is, of course, equal to the 
excess D G of the secant of the arch of distance above the radius of 
the earth. Hence, from station to station, accordingly, allowance 
must be made. The subjoined Table exhibits the corrections or 
values of the length C D. 



Distance 
or BC. 

Diff. of Lev. 
or CD. 

Distance 
or BC. 

DifT. of Lev. 
or CD. 

Distance 
or BC. 

DiflP. of Lev. 
or CD. 

Distance 
or BC. 

Diff. of Lev. 
or CD. 

Yards. 

Inches. 

Yards. 

Inches. 

Miles. 

Feet. 

In. 

Milos. 

Feet. In. 

100 

0*026 

900 

2*081 

J. 

0 

Oi 

6 

23 11 

200 

0123 

1000 

2-570 

1 

0 

2 

7 

32 6 

300 

0*231 

1100 

3*110 

1 

0 

4i 

8 

42 6 

400 

0*411 

1200 

3*701 

1 

0 

8 

9 

63 9 

oOO 

0*643 

1300 

4*344 

2 

2 

8 

10 

66 4 

600 

' 0*925 

1400 

5038 

3 

6 

0 

11 

80 3 

700 

1*260 

1500 

6*784 

4 

10 

7 

12 

95 7 

800 

1 1*645 

1600 

6*580 

6 

16 

7 

13 

112 2 


Levkr. In mechanics an inflexible rod, moveable about a fulcrum, or prop, and having 
forces applied to two or more poi^s in it. The lever is one of the mechanical powers, 
and being the simplest of them all; was the first attempted to be explained. 

Lever Boards. A set of boards so fastened that they may be turned at any angle to 
admit more or less light, or to lap upon each other so as to exclude all air or light 
throughniii^ures. See Louvre Boards. 

Lew'is, ot9H|BON. An instrument used by builders to raise stones of more than ordi- 
nary weipiib the upper part of a building. It was revived by a French artisan in 
therreign of Lcuis XIV., and is now generally employed. It operates by the pieces 
forming its dovetail end being held in their corre^tponding places in a hole sunk in the 
stone, by a middle straight piece, kept in its situation by a pin passing through it and 
the dovetail pieces at top, and the combination of the whole is effected with a large 
ring, which is attached to the rope or chain, and the stone lifted to its place. 

Lias. A provincial name adopted by geologists for an argillaceous limestone, which, 
together with its associated bed, is characterised by peculiar fossils. 

Library. An edifice or apartment for the reception oi a collection of ljn||h||,^ The most 
ancient and celebrated library in existence is that of the Vuticrtn : in respect, 

as well on account of its size as of the number of valuable nianuscripi^fflBuir^s. It 
occupies in the suite of its apartments one of the sides of the Vatha E i^J^ in 
length. In the architecture or arrangement there is nothing particuiMp to'almire, 
and indeed it was not originally intended for the purpose to whicoit has been 
appropriated. 

The Mcdicean library at Florence, the work of Michael Angelo, has grand proportions, 
but the details are as capricious as that groat man could possibly have invented. Ths 
library of St. Mark nt Venice has already been described in the First Book. Sansavino 
had to encounter many difficulties in respect of its site and connection with other 
buildings, but Palladio considered the success of its design to have been so great as to 
have made it worthy of any ago. 

Although a public library would seem to require a grave and simple style of treat- 
ment, it is, nevertheless, properly susceptible of much richness, if the funds admit, and 
it comports with the surrounding buildings to use mucL decoration. Security against 
fire is the first important consideration in its construction ; and the next is to ensure 
the perfect quiet necessary for study. There can scarcely be too much light, because 
there are always modes of excluding the excess in the brightest days of summer. The 
light should not be placed high up for the purpose of obtaining more room tor the 
presses which are to receive tlie books, because even a greater space may be obtained, 
as in the magnificent library at Trinity College, Cambridge, by Wren, by making the 
presses stand against the piers at right angles with the longitudinal walls, aiid placing 
the windows between them. Moreover, the presses, when placed longitudinally against 
the walls, the windows being above, have the titles of the books they cont^n in- 
distinct, from being too much in shadow. The library just mendoned is in every 
respect one of the finest worjis of Sir Christopher Wren ; it is 190 feet long, 40 feet 
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* ^ide, and 38 feet high, doored with marblo, and decorated with pilasters and an enta* 
blatore of the Corinthian order. This library is addaced as a perfect model of 
the mode of distribution, which might be carried in principle to any extent. If 
the readers be very numerous, a separate reading-room becomes a necessary addition, 
which should be placed as centrally as may be to the whole mass of building, so that 
the labour of the attendants may be lessened, and the readers at the same time more 
readily served with the books wanted. The best mode of warming the apartments is 
by hot water in pipes carried round the apartments, or pumped up through the floor. 
Efficient means of affording ventilation to the room or rooms is also necessary. 

At Paris the Bibliothfeque Nationale is, though of immense extent, little more than 
a warehouse for holding the books. The library of St. Genevieve, in the same city, is 
a well-conceived and well-designed building, and particularly suited to its destination. 
This ornamental edifice was designed by M. Labrouste in 1843. 

Perhaps one of the most absurd distributions of plan for the buildings under 
consideration is to bo seen in the Radcliffe Library, at Oxford. It is circular on 
the plan, and hence vast loss of room is experienced, but nevertheless it is a noble 
building. 

In London the only library of any size to which reference can be made is that of the 
British Museum. With so many clubs and institutions, each possessing its own library, 
it may probably be many years before an edifice, similar to the Free Library and 
Museum at Liverpool, is erected in London ; especially as the parishes have not yet 
had sufficient courage to tax them'^elves for the establishment of free libraries, which 
the Act of Parliament has for^somo years past enabled them to do. The king’s 
library at the British Museum is situate 1 in the east wing, and was erected, 1825-28, 
by Sir R. Smirko, R.A. The chief room is 300 feet long, 40 feet wide, and 30 feet 
high. Little was done for the accommodation of the readers, largely increasing in 
numbers, until 1857, when the new reading-room was opened, affording desks for three 
hundred readers, which are very often fully occupied, who have free access to about 
20,000 volumes ranged around it. The room is 140 feet diameter and 106 feet high, 
having a central light of 40 feet diameter in the dome, with tall side lights in the 
springing of the dome. It was designed by Mr. Sydney Smirk®, R.A. The arrange- 
ments for economising the space around it for holding the annual accession of new 
books in narrow and well-lighted corridors, am admirably managed. The Builder 
journal, xv. p. 229, and the Braiding Nous journal, iii. 167, 449-65, contain full 
details of these fine additions to the national establishment. 

The library attached to the London University, Gower Street, designed by Professor 
T. L. Donaldson, is 91 feet long by 21 feet 6 inches wide, 46 feet through the recesses, 
and 45 feet high in the centre. It is a good example of such a room, planned as a 
nave and aisles, with cases projecting from the outer walls up to the piers. The 
library erected by the Corporation of the City of London, and attached to the Guild- 
hall, is 98 feet by 65 feet, and museum, with reading room 54 feet by 20 feet, is a 
well-designed edifice, by Sir Horace Jones, the City architect. 

Liernk Rib. A short rib in vaulting. 

Lift, or Hoist, A machine introduced into warehouses, to raise goods from the lower 
to the higher floors of the building, and worked eirher by manual or by hydraulic 
power. Lately it has been placed in largo houses and in hotels, for the purpose of 
raising fuel, luggage, &c , to each floor; in some instances the platform has been 
formed into a room for the accommodation of persons while being hoisted to an upper, 
or lowered to an under floor, without the fatigue of walking up and down long flights 
of steps. For lifting stones, see Lewis. 

Light, Diffusion of. Light passing into a room through obscured glass oT a blind, by 
means of which the intensity of the light is broken. If the glass be placed flush with 
the outside of the wall, the obscured side being placed outside, the effect is vftry great 
in diffusing light. 

Light, Obstruction of. The raising a building opposite a neighbours windows, 
whereby he is deprived of a certain amount of light. It used to be held that all per- 
sons building on old foundations in the City of London could carry their buildings to 
any height tbepr pleased ; that the intervention of a street or public way justifies the 
raising of a building to any extent; that a building may be raised providing the rais- 
ing is not to a height beyond a line drawn at an angle of 46 degrees from the window 
opening or openings, the light of which is affected by the raising of an adjoining build- 
ing j. that skylights or horizontal roof lights are not subject to the same law as ordinary 
Tertical windows ; but these are all fallacious notions. However distant the obstruc- 
tion, or however brought about, if an ancient light which has existed twenty years is 
ii^'uriously affected by reaeon of the works of an adjoining owner, there is a cause for 
■etion. 
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Lianr, Bbflsctbd. Light throirn b? means of a light and polished anrface into tha win* 
dowi opp^te to it. This maj be effected in some degree by limewhtting the wall ; 
also by building it of white gUzM brieka ; also by white tiles bein^ affixed to the wall. 
** Beftectors are also provided for this purpose, made of a white metal, fixed in a 
frame and covered with glass, which is suspended and fiixed at an angle which will 
throw the light to the point required. 

Liqhthousx. a lofty building, on the top whereof artificial lights are placed to guide 
ships at sea. The lighthouse dates from the earliest period, and appears to have 
eonsisted of a tower of masonry, sometimes of a circular form, but usually square, and 
consisting of various apartments, as the establishment was greater or less, wherein was 
a raised altar upon which the be^n was established. Fire-towers or lighthouses were 
common on the shores of the Mediterranean, the Archipelago, the Bosphorus, and Bed 
Ben, Among the most celebrated of these was the Pharos of Alexandria. It was 
accounted one of the seven wonders of the world. 

In England, the Eddystone lighthouse, by the celebrated Smeaton, was not only 
an object of beauty, but of that soundness of con- 
struction which is the most essential requisite 
in works of this kind. The general form is seen 
in;^. 1411. This is a fine illustration of fitness 
producing beauty. The resistance it afforded 
i^inst the waves arose from the beautiful curved 
line which leads them up it instead of being 
broken against it. Indeed, in stormy weather, 
the waves actually rolled up the side, and fell in 
a contrary curve over the top of the lighthouse. 

The beds of the masonry were so laid and dove- 
tailed and joggled as to become a part of the 
rock on which it was erected, between June 12, 

1757, and October 16, 1769. A narrative of tho 
work was published by Mr. Smeaton. This 
elegant structure was pulled down and a new light- 
house built between August 19, 1879, and June 1, 

1881, when the first and last stones were laid. The 
old lighthouse was re-erected on land. 

The most architectural of modern lighthouses is 
that of Oorduan on the coast of France, which stands 
on a large rock, or rather on a low island, about 
three miles from land, at the entrance of the river 
Garonne. Founded about tlie year 1584, in the reign 
of Henry II. king of France, it was carried on under 
the reigns of three successive monarchs, arriving 
at its completion in 1610, in the reign of Henry IV. 

It stands upon a platform of solid masonry, and in 
surrounded by a parapet about 145 feet in diameter, 
which is equal to the height. The lightkeepers’ 
apartments and store rooms are not in the main Fig. I4ii. 

tower, but form a detached range of buildings on the great platform, the interior 
of the tower itself being finished in a style of magnificence too splendid for the use 
of common persons. Over the fuel cellar, which is formed in the solid masonry of 
the platform, is the great hall, twouty-two feet square, twenty feet high, with an arched 
coiling. On this floor are two wardrobes and other conveniences. Above the last-men- 
tioned room is the king’s room, twenty-one feet square and twenty high, with an ellip- 
tical ceiling, Thore^ are on this floor a vestibule, two wardrobes, and other con- 
veniences. On the thud floor is placed the chapel, for a priest who occasionally says 
mass is attached, to the establishment, and this is twenty-one feet in diameter, domed, 
and forty feet high, and lighted by eight windows. There is an eye in the dome 
through which is seen the ornamental roof of the room above, and that is fourteen feet 
diameter and twenty-seven feet high. This is used by the lightkeepers as a watch 
room. Over it rises an apartment, which is immediately under the li^t room, used for 
holding sufficient fuel for one night’s consumption, and capable itself of being converted 
into a plaw for the f xhibition of a light in case of repairs being required to any extent 
iu the main light room, which, as we have said, is immediately over it, and is sur- 
rounded by a balcony and circular stone parapet The height foom the floor to the top 
nf the cupola of the original lantern or light room was 17 feet, and being unglased, the 
smoke was carried out on either side in the direction of the wind. The roof; moreover, 
formed a kind of chimney in the form of a spire, terminating with a ball. The hoi^ 
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of the light room, which was entirely of stone, was thirty-one feet from the light room 
floor to the ball on the top of the spire. The fuel first used for the light was oak, after 
which pit coal was introduced ; but in modern times lamps and reflectors have succeeded 
the last, and the light is now seen at a proper distance. 

The attempt to make lighthouses resemble columns is intolerable; they should 
possess, according to the different situations, a character peculiar to themselves : hence 
the application of a column for the purpose is the worst of a'bnses. The ^orth Foreland 
lighthouse, whose plan is polygonal, would be a good example had the details been pro- 
perly attended to in the design. 

Lioktino. The quantity of daylight admitted by windows and skylights into an apart- 
ment. The superficial area of light may be equal to one-half the area of one wall of 
the room, if the room is lighted on one side only, and does not exceed more than one 
and one-half times its height in depth. A room more than twice its height in depth, 
i. 0 . in distance back from the side from which it receives the light, cannot be etflciently 
lighted from one side only. The aspect of a window makes very considerable difference 
in the amount of light, as also the presence of buildings or trees in the vicinity. It 
should be remembered that the higher the top of the window is in the room the better 
will be the light at the back of the room. A line at an angle with the wall of 60® 
from the top of the window to the floor will cut oflf all the depth than can be freely 
lighted. The quantity of light admitted by a skylight is considered to he equal to 
about thirty times that by a window —thus, if one foot square of vertical light placed 
centrally be suflBeient for 100 cubic feet of room, one foot of horizontal light will suffice 
for upwards of 3,000 cubic feet, as proved by the Pantheon at Home ; see sec^. 2747. 

Lightnino Conductor. A metal rod fixed to the highest part of a building, carried 
down the face of it, and into the earth, for the purpose of attracting the fork of light- 
ning, and carrying it away from the other metal-work of the structure. Newall sup- 
plies copper rope of g, and J inch diameter, with copper points and fittings. A con- 
ductor requires fixing with proper isolators and attachments, to prevent the interruption 
of the electric current. Ilart and Son supply a sort of wire chain under Spratt’s patent. 

Lights. A term sometimes used to denote the openings whether of doors, gates, or win- 
dows, or unenclosed places, and through which air and light have passage. 

Likh Arcs. In the projection of the sphere, the parts of lesser circles containing an 
equal number of degrees with the corresponding arcs of greater circles. 

Likb Figures. In geometry, such as have their angles equal, and the sides about the 
equal angles proportional. 

Like Solids. Those which are contained nndor like pianos. 

Limr. (Germ. Leira, glue.) A most useful earth, obtained by exposing chalk, and other 
kinds of limestones or carbonates of lime, to a red heat, an operation generally con- 
ducted in kilns constructed for the purpose, by which the carbonic acid is expelled, 
and lime, more or less pure, according to the original quality of the limestone, remains, 
in which state it is called quicM/me. 

Lihbkilh. One for the purpose of burning lime. They are constructed in a variety of 
ways, to save expense, or to answer to the particular nature of the fuel. 

Limestone. A generic term for those varieties of stone containing carbonate of lime, 
which are neither crystallised nor earthy, the former being calcareous spar, the latter 
chalk. When burned they yield quicklime. 

Line. (Lat. Linea.) In geometry, a magnitude having only one dimension, and defined 
by Euclid to be that which has length without breadth. The term is also used to 
denote a measure of length used formerly in France, namely, the twelfth part of an inch, 
or of a foot. 

Line op Direction. In mechanics, the line in which motion is communicated. 

Line op Stjltion. The intersection of a plane passing though the eye, perpendicular to 
the picture, and to the geometrical or primary plane with the plane itself. 

Line, Gbombtrical, In perspective, any straight line in the geometrical or primary line. 

Line, Horizontal. A line parallel to tiie horizon. In perspective it is tno vanishing 
line of horizontal planes. 

Line, Vertical, The intersection of a vertical plane with the picture passing along tho 
station line. 

Line, Visual, A ray of light reflected from the object to the eye. 

Lines of Light and Shade. Those in which the light and shade of a body arc sepa- 
rated. Thus, on a curved surface, it is the line determined by a tangent to the surface 
in the direction of the rays of light 

Lining. The covering of the surfhee of any body with another thin substance. Thus tlie 
lining of a wall is a wooden boarding, whose edges are eitheir rebated or grooved and 
tongued. Lining is distinguished fyom the first being a oovering in the interior 

^of a building, whilst ths latter is the covering of the exienor parr ot a hiding. 

XSnino out Stuff. (Fsrtici|fle.) The drawing tlaos on a pidca of boai4or plank so as 
to cat it into thinner pieces. 
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LiNitros or Boxnros. The piece* of frameworit of a window into wUch the window 

shutteie »ro folded buck. 41. • i , 

Lwcmos OF A Door. Thof,e of the Bides of apertures of door* called the jamb* or jamb- 
linings, that which covers the top or head being the soffite. 

Lintjbl. (Span.) A horizontal piece of timber or stone over a door, window, Or other 
opening to discharge the superincumbent weight. If a wall be very thick, more than 
one lintel piece will be required, unless scantling of sufficient width be found. In some 
old books on carpentry, lintels are classed under wall plates, but the word is now never 
used in this sense, unless the joisting or tie beams rest upon it, in which case it is both 
a lintel and a wall plate. 

List, or Listul. The same as Fillet, 

Listed Boards. Such as are reduced in their width by taking off the sap from the 
sides. Tliey are also explained as boards, sorted and matched, so as to make the floor 
appear all of one colour. 

LisriNO. (Participle.) Cutting the sap wood out from both edges of a board. 

Loam. A soil in which clay prevails. It is called heavy or light ns the clay may be more 
or less abundant. 

Lobby. (Germ. Laube.) An enclosed space surrounding or communicating with one or 
more apartments, such as the boxes of a theatre, for instance. By it also is understood 
a small hall or waiting room, or the entrance into a principal apartment where tliere 
is a considerable space between in and a poitico or vestibule; but tlie dim(n8ionF, 
especially as regards the width, will not allow of its being called a vestibule or ante-room. 

Lock. (Sax. Loc.) A well-known instrument, consisting of springs and bolts, for fasten- 
ing doors, drawers, chests, &c. A good lock is a masterpiece in smithery, requiring 
much art and delicacy to contrive and vary the wards, springs, bolts, and other parts 
whereof it is composed, so as to adjust them to the places where they are serviceable, 
and to the various purposes of their use. The structure of locks is so varied, and the 
number of inventions of their different sorts so extended, that we cannot attempt to 
enumerate them. 

Those placed on outer doors are called stock-locks, those on chamber doors sprinp 
locks, and rtm locks, and such as are hidden in the thickness of the doors to which they 
are applied, mortise locks. The padlock is too well-known to need description here. 

Lockrail. The middle horizontal rail of 
a door. 

Locutory. An apartment in a monastery 
in which the monks were allowed to con- 
verse when silence was enjoined else- 
where. 

Lodge. A small house, situated in a park 
or domain, subordinate to the mansion. 

Also the cottage placed at the gate 
leading to the mansion. 

Loft. An upper platform, as in Scotland. 

It has been applied to the gallery in a 
church. In modern usage it is limited 
to the place immediately under the 
rafters, as cockloft m a house, hay-lcjt 
in a stable, &c. See Solar. 

JjOqan. See Bocku^o Stone, 

Louauithhs. Artificial uumbers used to 
facilitate arithmetical calculations. 

Loqgu. (It.) In its strict meaning a 
lodge ; but usually signifying a gallery 
open to the air, and used for shelter, or 
from which to obtain a prospect, 

Loq-housb. a hut constructed of the 
trunks of trees. 

liOGiSTic Spiral. One whose radii are in 
continued proportion, and in which the ; 
ra^ii aye at^ ^ual angles ; or, in other 
words, a spiral line whose radii every- 
where make equal angles with the 
tangents. 

Lombard ARcmTECTDRE, The class of 
Bomanesqud a»^itectare which prevailed in Che llorthern parts of Italy. 

Long and Short Work. A rough sort of building, consisting of quoin itohos plaotd 
and upright alternately. Many writers consider such.ihasonrv as a maHi of the wo»* 

" of the 11th century, or previous to It, and call it Saxon work. See 1411 ^ 
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ttONonuBTBV^ A term need to denote the operatiozi of tri£^oD6motry for measnrlDg lengths, 
whether accessible or inaccessible. 

Looxux, or liEUGOifB. A word used for the projection on the upper floor of a warehouse 
or mill, to cover a wheel and fall, or a crane, and has a trap-floor to it. It may, pro- 
bably, be derived from the French term lucqLrne. 

Loop. (Fr.) A small narrow window. A loophole is a term applied to the vertical 
series of doors in a warehouse, through which the goods in craning are delivered. 

LoOvuolb. a narrow apertwe formed in walls, and sometimes in the merlon of a battle- 
raent, through which the defenders discharged their bows or firearms. See Balistjrabu. 

Lotus. A plant of the water-lily species much used in the architectural ornaments of 
the early nations, and especially in the capitals of Egyptian columns. See fig. 54. 

LoDViiB. A turret or lantern over a hall or other apartment with openings for ventila- 
tion and to allow the escape of Smoke or steam. 

Lotjvrb, Luffbh, or Lbvbr Boarding. (Fr. Louvre.) Boarding, with intervals between 
the boards, nailed horizontally in an inclined direction, on the sides of buildings or 
lanterns, so as to admit a free current of air, and at the same time to exclude the rain. 
They are used for air-drying lofts. Each set, if required, is made to open and shut 
by the action of a lever. 

Low SiDB Window. A small opening like a window, usually placed in the south chancel 
wall, and lower than the other windows, for what purpose is not strictly known. It has 
been called a Lychnoscope, 

Lozbnob. a quadrilateral figure of four equal sides, with oblique angles. 

Lozbngb Moulding. An ornament used in Norman architecture, presenting the appear- 
ance of diamond-shaped lozenges laid in the hollow of tho moulding. 

Lucarnb. The same as Dormer. 

Lumber. Timber sawn ready for use. It is a term used chiefly in America. 

liUNB or Lunula. The space between two equal arcs of a circle. 

Lunette. (Fr.) A cylindric, cylindroidic, or spherical aperture in a ceiling. As an 
example of the term, we may refer to the upper lights in the nave of St. Paul’s 
Cathedral, 

Luthbrn. The same as Dormer. 

JiYCH-GATB, or Corpsb-Qatb (from the Anglo-Saxon Leich, a dead body). A gate at the 
entrance of a churchyard, where the coffin was set down for a few minutes before burial. 
It is generally of wood, and often thatched. Lych-gates are not of freqnont occurrence 
in England. In Wales many of them may bo seen. 

Lychnoscopb. See Low Side Window. 

Lying Panels. Those wherein tho fibres of tho wood, or the grain of it, lie in a hori- 
zontal direction. 

Lysis, (O^r.) A plinth or step above the cornice of the podium of ancient temples, which 
surrounded 'or embraced the stylobate; an example of it may be seen in the temple 
of Fortune Virilis at Rome. 

M 

hi Roof. A roof formed by the junction of two common roofs with a valley between 
them. The letter inverted represents this species of covering. 

Machicolations. (Fr. Machicoulis.) In castellated architecture are, according to Grose, 
the projections, supported by brackets or corbels, through which molted lead and stones 
were dropped on the heads of assailants. They were not probably, however, projecting 
works, but sometimes were considered as the series of square holes in the vaultings of 
the portals used for the same purpose. 

Machine. (Gr. Maxapij.) In a general sense, anything which serves to increase or regu- 
late the effect of a given force. Machines are simple or compound. The former are the 
simple mechanical powers, six in number; viz. the lever, the wheel and axle, the pulley, 
the wedge, the screw, and the funicular machine. The latter are formed by the combi- 
nation of two or more simple machines, and are classed according to the forces by 
which they are put in motion, as hydratUio machines^ pneumatio machines^ electric 
muohineSy &c., or the purposes they are intended to serve, as military machines, 
architeoiured machines, &c. 

MjUsnhir, or Menhir. A long upright stone in Celtic works, called by the Norman 
writers peulvan^ and by country people hoarstone. 

Mai^nbsiak Limbstonb. An extensive series of beds lying in geological position imme- 
diately above the coal measures ; so called because the limestone^ which is the principal 
memTber of the series, contains magnesia. 

Magnitudii. (Lat.) A term by which size, extent, or quantity is designated. It was 
originally appliea to the space occupied by any fl^re ; or, in other words, it was applied 
^ to objects strictly termed geometncal, and of tJ^ee dimensions, length, breadth, and 
^ckiieti8» but it has gradmuly become enlarged in its signifii^tion, so afi to be given lo 
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erm kind of quantity that admits of mensuration^ or of which greater or lees eea^ be 
premcated ; in which sense it was used by Euclid, 

Hakooint. a wood used for doors, window-sashes, and ornamental work, especially cabinet 
work. The Jamaica mahogany is the hardest and most beautiful, and is distinguished 
from that of Honduras by the chalky i^pearance of its fibres. The latter h^ very 
little fiower. 

Main Couple. See Couple. 

Malleabiutt. (Lfft. Malleus, a hammer.) The property of being susceptible of eztensior 
under the blows of a hammer. It is a characteristic of some of the metals, most particu- 
larly in ^Id. Common gold-leaf is not more than a two-hundred-tbousandth part of an 
inch in sickness. Five grains may be beaten out so as to cover a surface of more than 
two hundred and seven^ squcure inches. 

Malleable Iroe. The same as pure Wrought Iron, being iron that can be worked by 
the hammer and tongs. The name has also lately been given to a soft quality of iron 
more easily worked for ornamental purposes. 

Mali,et. (Lat ) A large kind of wooden hammer much used by artificers who work 
with a chisel, as masons, stonecutters, carpenters, joiners, &e. 

Maltha. (Gr.) A native bitumen used by the ancients for plastering the walls of their 
dwellings, &c. An artificial kind was made of pitch, wax, plaster, and grease ; another 
sort was composed of lime slaked with wine, and incorporated with melted pitch and 
fresh figs. 

Manger. The trough in the stall of a stable wherein is placed the corn or other short 
food given to live stock, and more especially to horses. 

Manhole. An opening formed over a sewer, or by the side of it, large enough to admit a 
man to enter to do repairs, &c., when requisite. It is also formed on the top of large boilers, 
to give access to clean out the interior; and also over a cesspool for the same purpose. 
A manhole has usually a close-fitting cover, well set to prevent the escape of steam, foul 
air, &;c. 

Mansard Hoop. (So called from the name of its supposed inventor, the French archi- 
tect, Franqois Mansart.) The same as Curb Roof. 

Mansion. A large house ; a texja^ more usually applied to one in the country. The 
origin of the word and its applicmm is supposed to be derived from the mansiones, or 
stationary camps of the Roman soldiers. 

MANT 4 i(||iiAThe Hindoo term for the porch attached to roost vimanas or temples beyond 
the alHiala. It is a square building, having a door on each of its four sides ; the roof 
is generally pyramidal. If there should be two porches, the outer one is called the 
roaha mantapa. 

Mantel Piece, The horizontal decoration in stone or marble in front of the mantel 
tree, and supported by the jambs or boxings of a chimney-piece. 

MATmu. Shelf. The slab lying on the mantel piece, and secured at the back into the 
plastering of the wall. 

Mantel Tree. The wood lintel or brick arch to the openings of a fire-place. 

Marble. (Gr. Mapfialfw, to gleam, to sparkle.) A term limited by mineralogists and 
geologists to the several varieties of carbonate of lime, having more or less of a gramw 
lar and crystalline texture. Among sculptors, the word is used to denote several 
compact or granular kinds of stone susceptible of a very fine polish ; the varieties of it 
are very numerous. Ancient Marbles : — The most valuable sort, and the grandest 
quarry of tlie Greek white marbles, was the Pertielioan, obtained from mount Penteles, 
in Attica. It was used in the Parthenon and other buildings in Athene, 
great repute with the sculptors. This marble is overlaid in the quarricHfch large 
figured red and green Cipollino. The base rock of the Acropolis at Athenl^%llllMS of 
richly coloured marble— rose, reds, browns and greys — w«8 discarded by ths OrMks. 
The Parian, was obtained from the island of Paros. Mount Marpeius yidded the best, 
which was called Maiyessian; it was also termed hychnetie^ because of its use for 
candelabra, and Lygdineum^ from the promontory of Lygdos. It consists almost en- 
tirely of carbonate of lime; and Dr. Clarke states it has lasted better than the 
Pentelican, which has veins of extraneous substances intersecting the quarries, and 
which appear, more or less, in all works executed in this sort of marble. The 
Parian am a waxy appearance when polished and hardens by exposure to the 
air ; the statues of the Venus di Medici, the Diana Venatrix, the coUossal Minerva 
Pallas ef Velletri, and the Capitoline Juno, were carved in this miiterial, and the 
tomb of Mausolus was bnilt of it, the remains of which are now in the British 
Museum. 

Other white iqarbles were of mount Hymettus, in Attica, of Thaitt« and Lesbos, in 
great repute; of Lunar, in Etruria, of a white even whiter than that of Pares; the 
/ helleniij from mount Phellens ; the OpraliUeum, found near the river Oxralloe in 
Phrygia^ which was also termed Sangariumt from another name of the same giver 
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CyMteum^ ftrom Gyzictis in Asia Minor, one of the three mftrbles of which the temple at 
li^hestis was to be built ; also called Proconnesian marble. 

Chemitea was another sort of marble, which resembled irory in its colour. The 
Phengitea of Capadocia was white with yellow spots. 

The black marbles were : Tanarua, highly esteemed ; one from the island of Lesbos ; 
tyhicum or Numidian, called also ImcuUeum ; Chium^ from Mount Pelineus, in the 
island of Ohio, of a transparent chequered black colour ; Obaidiammi from Ethiopia ; 
Synnadicum, or Marmor JPhrygium^ from near Synnas, in Phrygia, having small circles 
in its black ground ; Africano^ from the island of Scio, so called from its dark ooloor 
by Pliny, who was wrong. 

The roaa Afrioano^ from Porta Santa, in the island of Scio, a grand quarry, yielding 
SIX or more different kinds (Brindley ) ; the old quarries of Haaao aniioo wqre disoovefed 
at Laconia ; quantities were obtained from Egypt. 

Taygetum supplied the green porphyry, or serpentine, of the Italinns. CaryatuBt in 
Eubma, gave the green Cipollino^ one of the marbles most appreciated by the Romans, of 
which in Borne alone fiOO columns still remain; it was a mingled dark green ; Mamphitea 
and Ophitea^ resembling the skin of a serpent, and from the city in Egypt, near where it 
was found ; it is the Serpentine antico of the Italians ; Laconicum, from Mount Taygetes/ ^ 
the well-kuown Verd 'antique of the antiquaries ; the green Tiberian and Augustan 
marbles were obtained from Egypt. 

Yellcm marble waw found at Corinth ; the Bhodian marble was marked with spots 
resembling gold ; that of Meloa was excavated in Mount Acynthus. 

Atraciunit from Mount Atrax, in Thessaly, was a mixture^ of white, green, blue, and 
black. 

The Romans seem to have introduced coloured marbles in monumental works after 
their conquest of Egypt, whence they derived their first ideas of monolith columns. 
Thoir early buildings contained few varieties of coloured marbles, the number in- 
creasing as the colonies matured. The monoliths in St. Peter’s and St. Sebastian were 
cut from the quarry of Porta Santa, in the island of Scio, as was also the basin, 16 feet 
diameter and 4 feet thick, discovered by Mr. J. T. Wood, at Ephesus. The ancient 
quarry in Tunis supplied the Giallo antico^ and varieties of rose and orange Brecoiaa ; 
this marble was reserved for Rome, where 172 columns of it are still extant. Most of 
the pavement in the Basilica Julia, and the columns in St. John Lateran, the Pantheon, 
the Arch of Titus, are of this marble ; as well as the wall-lining, half an inch thick, 
in the palaces of the Caesars. 

The first paper read by Mr. Brindley names forty-six of the principal quarries of 
various countries worked in the time of the Romans ; the second one refers to the stones 
and marbles found in Egypt. Tranaactiona of the Royal Institute of British Archi- 
tects, 1887-88 and 1888-89. The building and decorative stones of Egypt, including 
limestone, sandstone, granite, porphyiy, opus Alexandrhmm, verde Augustus, Oriental 
alabaster, Breccia verae, gem stones, &c., are described by Mr. Brindley, 1887, Nov. 24. 
See Porphyry and Stenitb. 

The Numidian marble of the Romans, obtained from North Africa, is coloured marble 
of various shades and tints, but does not include white marbles or shades of white, 
of which there are numerous quarries in North Africa. Marmor Numidioum appears 
to be a misnomer, for the only known quarry in the ancient province of Numidia is at 
Filfilla, near Philmpoville. The only yet discovered quarries are those at Chemtou in 
Tunisia (Simittu Oolonia in Africa Provincia of the Romans), and at Kleber in A^eria, 
north-east of Oran (in the ancient kingdom of Mauretania). The former quarries are 
much in the condition in which they were left by the Romans. The quarries at Kleber 
cover an area of over 1,600 acres. Brecciaay from dark brown to blood red ; Giallo antico 
of different hues, designated as Canarino^ Avorio, and Pavonazzo ; Oipollino roaao, and 
more than one quality of white marble. Specimens of some of these are now to be 
seen in the new mausoleum room of the British Museum. Great and beautiful 
varieties are to be seen in the prayer chamber of the great mosque at Kairouan, and 
other mosques (Alex. Graham, in Prooeedinga Royal Institute of British Architects, 
1886 - 87 ). 

A usefdl list of ancient and modem marbles, with references to works of art, is con- 
tained in the work by the Count de Clarac, and translated in the Civii Engineer, 
Journal for 1839, pages 367, 434, and 462. It also gives numerous ref^erences to 
writers on the subject. 

The onyx marbles of Algeria, Mexico, and California, are of the same nature as the 
Oriental alabasters. 

Almost evezy mountainous district of the world produces this mineral, but the finest 
and most valuable is from Italy. The material is brought to an even face by rublniig 
with free-stone, aft^wards with pumiee-stotte, and lastly with emeiy of several colours; 
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Imt white marble is finished with calcined tin. The Italians polish with lead and 
The sawing of marble, preparatcnry to polishing, as by a saw of soft iron, writh a ccm* 
tinned anpply of the sharpest sand and water. The Belgian marble chimneypieces, 
topo, and such like articles, are finished with a liquid wluch gives a poHsbed 
ajmearance ; but it is not lasting. 

The varieties of marble used in modem times ^are very numerous, and a classi- 
fication ef the|n would occupy a larger space than can be here given. Except the finest 
specimens of white marble, they are mostly opaque. Some extremely fine specimens 
* of white marble are ^ be seen in the Borghese Palace at Borne, which, on being sus* 
pended by the centre on a hard body, bend very considerably. It is found that statuary 
marble exposed^ the sun sci^uires, in time, this property, thus indicating a less degree 
of adhesion, of its parts than it naturally possessed. Two books bave been written on 
the sUbiect ; Marble and Marble WorkerB^ by Arthur Lee, and Marble Decoration^ by 
G. H. Blagrove, both datea |688. 

JBIaroih* That part of the upper wide of a course of slates which appears uncovered by 
the next superior s^ursc. 

Habioolw Window. The name given to a circular window in which radiating mullions 
prevail. (jATHKBiNB-WHEiai. Window; Eosn Window. 

^Market Cross. A cross set np in a market-place. The primitive form was a long shaft 
with a cross stono, set upon a number of steps. Subsequently it was constructed in an 
elaborate manner ; and later, a sort of arched structure Was erected around the central 
pill*!^. Ip Scotland many were finished with a crowning work. 

JIarmoratdh Opus. ^JLat4 A fias stuff* used by the ancients, formed of calcined gypsum 
with pulverised stone, or for finest work with pounded marble, well beaten together, 
and rubbed to a fine marble-like surface, examples of which still exist at Girgenti, 
formerly AgiHgen^um. ^ 

IfARQURTBTi (It. Xntarsiatunt. Pr. fiiarquetrie.) Inlaid work, consisting of thin plates 
of 4 very, or of vstrioqs coloured woods, gluea on to a ground, usually Of Oak or fir 
well dried and sei^one^, which, to prevent casting and warping, is composed of 
"eeveral thicknesses. It was us^ by the early Italian builders in cabinet work, and 
represented by its means figures and landscapes. See Burl Worxl; Indaid Work ; 
Papquetry, • . . . 

I^A^ON. An artificer who practises the science of cutting and Setting stones in building 
. walls, i^ormerly the workman who worked the stone was called n firee-stone mason, 
hence the term freemason ; while the map that set the stone was called a rough 


mason. 

The term ** master mason ” was during the mediaeval period equivalent to the moCe 
modern term architect.’* He designed and carried out the monastic, cathedral, Or 
regal buildings. Latsp, the designer taking the name of purveyor, the master mason 
became the head of his trade. 

Hasonrt* (Fr.) The science of combining and joining Stenes for the formation of walls 

, and 


buildings^ ^ ^hen applied in the 
construction of domes, groins, and | 
circular arches, it is fiiPcult and 
complicated, and is dspoudent on a 
thorough knowledge of descriptive 
, geometry. 

Among the ancients, several sorts 
of masonry were in use, which are 
deserib^ by: Vitruvius ep^ follows, 

" in the eighth chapter pf lus second 
book The dimarent species of 
walls,” h© olwerves, “are the reH~ 
eulatum (net-like) {jig, 1413 A), a 
method now in general use, and the 
janoertum (B), which is the ancient 
mode, The reticulatum is very 
, beautiful, but liable to split, from 
fh© beds of the stones being un- 
" stable, t^d its deficiency in respect 
of bond, Thelncertum, on the con- 
V, cqurt© over course, and 





^ ' whoje bonded together, does not p^ent so beautiful an appearance, though stronger 
^an the reticulatum. Both species should be built of the nmt^est sm^ stones, 
,that th© wall% by sucking up and attaohiiig tfismselve# to the th© 

iqpger : for as the stones are .of a soft and porous oaUwe, they #bsoib, 1% 


yiff. 1««. 
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Itigf Uio mokture of th* mott^ ; and If used plentifully* will oosseijuentiy exercim 

* greater cementing poweri because from their containing A large position of moisture, 
the wall will not, of coiirs^ dry so sooti as otherwise; and as sAhn at tsinistare is 
absorbed by the pores of the stones ftrom the mortar, the lime, posing its" power, leaves 
the sand, so that the stones no longer adh^e tW it, and in a short-time the work becomes 
unsoun^ We may see this ne several monuments tU)otit the city (Borne) which have 
b^n bmit of marble, or of stones squared externally, that is, on o^ fiim^bu^lllted up 
with rubble i^n with mortar. Time in these has taken up the moi^nt of the mortar^ 
and destroyed its efficacy by the porosity of the surface on whiph it geted. Altcohesion 
is thus ruined, and the walls fall to decay. He a ho is desirous that this may IkOt liap* 
pen to his work shopld build hiatwo*face wall#two feet thicks eitheiM red stone, or of 
bricks, or of oomman dint, binding them together with iron cramps run^wllh lea^and 
duly preserving the middle space or cavity. The mateshils in this 'base not nehigf 
thrown in at random, but the work wejl brought up on the beds, the Upfight^joints'pro- 
perly arrasiged, and the face -walls, moreover, re^larly^bied together, they ars<not^ble 
to bulge, nor be otherwise disfigured. In these respects one jtllitoot refi^n fmm 
admiriitg the 'walls of the Greeks. They make no u>S of soft stone in their buildings^ 
when, however, they do not employ squared stones, t^y use eitdier flint oh hard stone, 
and, as though building with bric^ they cross or ^reak ths upright joints, and thus 
produce the most durable work. There ard two soefs of this Species of Wovk,»mie called 
ts<tdomum (CO)^ the other j^aeudiaodomnm (HP). The first is sd called, because in it 
all the courses are of afl equal height ; the latter received its name from the unei|nal 
heights of the courses. Both these methdds make soSud work ; first, because the Stouts " 
are hard and solid, and thenefbre unable to absorh^tbehttoisture of the mortaif, which 
is thus preserved to the Icpgtot ^period ; secondly, beCtuose the beds being smb^ and 
46vel, the mortar does not cse^ ; ai^ the irall, moreover, botMcd throughout hs whole 
tfaio^ess, becomes eteranlv There is etiil another method, which i^^led 
{iBnujplfiGhn) 'ut*en among Our cour^ workmen. In this species therfneeb 

are wrought, The other stones are, without working^'deposited in the arntyh^eerf 
the tdo faoee,^ and. bedded in moistar as the wall is carri^ up. Wt thw for 

the sake of despatch, earry up these easiiig walls, and then tWble in the subble between 
them, so that there she thus three distinct thicknesses, namely, the two sides or facings, 
and tne flUiog tm The Greek^ however, pursue a diiierent course, laying tha'tooneS 
flat, and bref^ng the vertical joints ; neither do th^ flU in the middle aS random, but, 
hy means at bond stmicw, midtethc wuU solid, and of one thickness or piece. ^ They, 
moreover, esoss ths wall trw onwfhce to the other, with bond stones of a single piece, 
which, they cfAl $mrof9i(«liaiiimi) (B), tandii^ greatly. 1:o streUgtoen the work.” (Q) is 
supposed to show thaUoltd mason^ of a waH propeny bonded in the courses. 

Mass. Jfassa,) ^The g^iacttii^'of matter whereof any body is composed. The 

mass oi a bo^ is diredt|y as product of its volume into itadensity. Mi^tiplied into 
the constant mrce of giwvity,i!iie Msa constitutes the weight ; hence the mass^ a bady 
is^ropeily Mtimated by its weight 

hfAStio. (Gr/Ncurr>«m» ** 'speoies gntitr) ^ employed for plastering outside 

walls. It if used whh p.oonmderabl^ pOriion Of linfM oil, and sets bard in a fewdays. 
From tbit latter circumstance, knd from it8d>eiDg^flt^for the rstepUon of paint in a very 
short period, It'le eztrexnqly useful woiks where exp^ition isflecessary, but it must 
be constantly ^painted; men the oil bus 4fkd ott, it has p^ved to be worthlem, 
Asp^alte mixea with coal tax or limestone, ready for Use in paving, is termed ^ rnasHe*’*^ 

Matbbials. Thingl cofiiposed of matter, or possessing its fundamental properties. ^ 

HkTHfiUTios. (Gr. Ket0iftrts, learning.) The science which investigates the consequencef 
legally dedndble komanjKi^en or admitted relations betiSlfO magnitude or numbers^ 
It has usually been di||ded mtQ^ two parts, y«rs and miard. The first is that i$ Which 
geometrical magnitnde er numbers are the ^bjeeto of investigation ; the last^t^t 
wl^ the dedthstions so made are from felations obtained by observatbn mtd experiment 
fiWm ^somena of material nature. This is sometimes called or pbysioal 

tcli^to^ ll^thematics, as respects what is aeceaseay for t^e azehitect, comprises AUitb- 
xmo, AoimimA, a!i4 Gkoicsi^. / w ^ 

ICiOSOitomi, A Uffm ns«d to denote a sepulchral building, and so called Wram a very 
MthttM Oka erected to the memory of Maaeolus, king of Caria, by his i^e Artemisia, 
Wbmit m «-e. Fromito extraordinary magnificence, it Was in ancient rimes esteemeeb 
fhe smnth djNf^wptld* Many statutoi^^ othafpoxtiims Cf it are now in the 

Briririi Hnsemw. 

iSfiaair. ImmMhematief, that quantity which has an intermediate yahxe bstWeen several 
ochsns, i wtto f tf kfl e ogd i^ to Any assigned law of snc^ossioii. Hins, an amkvt 0 Hoaimea 0 ^ 

^7 dividiagdtesnm of all the qnantitiea 

thwH i^ W i h tomn^ i dnpliotof xfitki, OBContuioed prtfmtuNi of three terma; that % 



that the first g:Keti term is to the qnanttty eoeght as thst quantity is to the oUtSr gi(:evi 
term. In arithmetic, it is the square root of the pro^lact of the two glTeu tcrma The 
harmonical mean is a number such that, the first and third terms being given, the fii*st 
is to the third as the difierenee of the flifst and second is to the difference of the second 
and third. 

Idjustrius. (Lat. Mensora.) In geometry, strictly a magnitude or quantity taken as a 
unit, by which other magnitudes or quantities are measured. It is defined by Euclid a* 
that which, by repetition, becomes equal to the quantity measured. Thns, in arithmetic, 
the measure of a number is some other number which divides it without a remainder, 
though, perhaps, such a definition rather intimates the notion of aliquot parts. But that 
meaning on wnich this article is submitted is the unit or standard by which extension is 
to be measured. We have measures of length, of superficies, and of volume or capacity. 
But the two latter are always deducible from the former ; whence it is only necessaiy 
to establish one unit, namely, a standard of length. The choice of such a standard, 
definite and invariable, tliougii beset with many and greitt difficnlties, modern science 
has accomplished. The rude measures of our ancestors, such as the/>o/, the cubtt^ the 
span^ the,/tfMnm, the harhyconi^ tlie hair\ Iweadth^ are not now to be mentioned in matters 
of science, much more precise standards having been found, and not susceptible of casual 
variation. Natur^ffbrds two or tlirce elements, which, with the aid of science, may be 
made subservient Ws the acquisition of tlicitnowledge required. Tlie earth being a solid 
of revolution, its form and magnitude may bo assumed to remain the 8an)G in all ages. 
It this be 80 , the distance between the pole and the equator may be taken as an 
invariable quantity ; and any part, say a degree, which is a ninetieth part of it, will be 
constant, and furnish an unalterable standard of measure. So, again, the force of gravity 
at the earth's surface being constant at any given place, and nearly the same at places 
under the same parallel of latitude, and at the same height above the level of the sea, the 
length of a pendulum ranking the same number of oscillations in a dav is constant at the 
same place, and may be determined on any assumed scale. Thus we h ive two elements, 
the length of a degree of the meridian, nnd the length ot a pendulum beating seconds, 
whkh nature furnishes for the basis of a system of measures. Others have been 
suggested, such as the height through which a heavy body falls in a second of time, 
determined, like the length of the pendulum, by the force of gravity, or the perpendicular 
height through which a bnrometer must be raised till the mercurial column sinks a 
determinate part; for instance, one-thirtieth of its own length; but these are not so 
capable of accurately determining the standard as the terrestrial degree, or the length of 
the pendulum. 

In the Ene^lish system of linear measures, the unit has been for many years the yard, 
which is subdivided into 3 feet, and each of those feet into 12 inches. Of the yard, the 
multiples are, the pole or perch, the furlong, and the mile ; 6^ yards being } pole, 40 polel 
being 1 furlong, and 8 furlongs 1 mile. The pole and furlong, however, are now much 
disused, distance being usually measured in mile% and gards. The English pace is 
1^ yards = 6 feet. See Phrch and Milr. ^ ^ 

Under the word Foot will be found the length of that measure in the principal places 
of Europe. 

The following table exhibits the relations of the different denominations m^ioned: — 


Inche»i. 

Feet. 

Yards, 

Fedes. 

Furlou^ 

HiW 

1 

0083 


0:00608 

0 00012626 

0*00a0%7S28 

12 

1- 

0833 

0*06060 

000161516 

0*0()0 18089 

36 

3- 

1- 

0*1818 

0*004545 

0 00056818 

198 

16-5 

6-/» 

1* 

0*025 

0*003126 

\mrimm 

060* 

220- 

40* 

1* 

0*125 

63360 

6280* 

1760- 

320- 

8* 

1* 


The measures of superficies are the sqvM^e yard, foot, inch, &c., as under 


144 square inches are 
9 square feet * 

2{ square yards 
10*89 square paces 
40 aqilaie poles • - / 

4 sqimre roods • - . 




* 1 i^uare fbot, 

- I square yard, 

- 1 squa^pace. 

- 1 square p^ 
^ 1 square m4, 

* 1 square scie. 


In which it will be seen that the^ multiples of the yard are the pole, n>o4t 4nd aeie, 
Very lar|{$ surfaces, as of countnes, are expressed in square miles. See 
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The retatlons of squaita moaflUre lu^ givin In the followkig table 


Square Feet. 

Square Yards. 

Square Folet. 

Square Roods. 

Square Acres. 

1 * 

0*1111 

0*00367309 

0-000001827 

0-000022067 

9* 

1 * 

0*0330679 

0*000826448 

0*000206612 


30 25 

1 * 

0*025 

0*00625 


1210 * 

40* 

1* 

0*25 


4840* 

160* 

4‘ 

1* 


The measures of solida are cubic yards, feet, and inches, 1728 cubic inches being equal 
to a cubic foot, and 27 cubic feet to one cubic 3 'ard. By the act of 1824, the standajrd 
measure for all sorts of liquids, corn, and other dry goods, is declared to be the Imperial 
gallon. According to the act in question, the imperial standard gallon contains ten 
pounds avoirdupois of distilled water, weighed in air at the temperature of 62^ Fahren- 
heit's thermometer, the barometer being at 30 inches. The pound avoirdupois contains 
7000 troy grains, and it is declared that a cubic inch of distilled water (temperature 62^, 
barometer 80 inches) weighs 252*468 (|rainB.^ Hence the imperial gallon contains 
277*274 cubic inches. The gallon is subdivided into quarts and pints^ 2 pints' being one 
quart, and 4 quarts one gallon. Its multiples are the peok^ which is 2 gallons, the 
bushslt which is 4 pecks, and the garter, which is 8 bushels. The relations of measures 
of volume are given in the subjoined table: — 


Fints. 

Quarts. 

Ganons. 

Pecks. 

Bushels. 

Quarters. 

1 

0*5 



0*015625 

0*001953125 

2 

1* 

HISS 


0 03125 

0*00390625 

8 

4* 

1- 


0*1 *25 

0*015625 

16 

8* 



0*25 

0*03125 

64 

32* 



1* 

0*125 

512 

256* 



8* 

1* 


The oil wine gallon contained 231 cubic inches, the old com gallon 268*8 cubic inches, 
and the old ale gallon 282 cubic inches. 

Subjoined are a few of the principal ancient measures of France: — 

1 toise, French 6 French feet « 6*894665 English feet. 

1 foot, do. 12 French inches b 12*78936 English inches^ 

1 inch, do. 12 French lines » 1*06578 English inches. 

1 line, do. «■ ^ ii^ch points » 0*088815 English inc^res. 

1 point, do. « . S . . . • «■ 0*0148026 E^lish inches, 

According to General Boy, an English fathom ; a French toise : : 1000 : 1065*75. 

In the new French system the metre^ which is the unit of linear measure, is the ten- 
millionth part of the quadrant of the meridian 3*2808992 English feet fbut lately 
ascertained by Oapt. Heni^ Kater, to be more correctly 8*280976 l&glish feet) ; and, as 
its multiples and subdivinons are decimally arranged and named by prefixing Greek 
numerals, the following table exhibits each : — 


Denomination. 
M^iametre 
Kilometre 
Hectometre 
Becametre 
Afrtrs (the unit) 
Decimetre 
Centimetre 
Jdillimetre 


- 10000 metres 

- 1000 

100 
10 
J 

0*1 
0*01 
0 001 


English Feet. 

32808*991667 
8280*8992 
328*08992 
32*808992 
8 2806992 
0*82808992 
0*082808992 
0*0082808992 


The metre, therelbre, is equal to 89*37079 inches. 

The unit of superficial measure, in th» y ||ii h system, is the ore, which is a surface 
of 10 meties each way, or 100 square oantiare is 1 metre square. 

Denomliuition. . TBngMiih Sqnan Tsids* 

Hectare - - lOOOO^ square metres •11900*83 

(the unit) • • 100 » 119*6083 

Csht^ . 1 « 1*19608826 

ars^ therefore^ is equal to 1076*4297 English square feet 


4 p2 
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The unit of mefMitu^sof dipacitj, in the French system, Is the IUh^ a vesael <ioiBtatDin(^ 
a cube of a tenth part of the metre, and equivalent to 0’22009668 British imperial galloiL 
Its multiples and subdivisions are as follow: — 


Denomination. 

Kilolitre - - - . 

Hectolitre . - - . 

Decalitre - - - . 

Litre (the unit) or Cubic Decimetre ■ 
Decilitre - - - . 


Eng. Imp. GsUons. 

1000 litres 220 0966767 
100 - 22*009668 

10 » 2*2009668 

1 -i 0*22009668 

0*1 0*022009668 


Ihe unit of solid measure, or the aiere, is equal to 85 31658 English cubic feet ; therefore, 


Bs&smination. 
Decastere 
Stare (the unit) 
Decistere - 


English Cubic Feet. 

- 10 ster6S=s353 1658 

- 1 « 35 31658 

- 0*1 « 3*531658 


There is much uncertainty respecting the ancient measures; the tables before 
printed being the usually received notions are continued, but subjoined are some Of the 
niinensions given in Dr. W. Smith’s Dictionary of Antiquities : — 


SoniPTUBB Long Mbasurb. 
(See Cubit.) 


Hebrew and Chaldean 
Measures, as drawn 
up by F. R. Oouder, 
C.E., 1875. 


1 digit 
4 digits 

3 palms 

2 spans 

4 cubits 
lA fathom 

reed 
10 poles 


Feet Inches. Barleycorns. 


= 1 palm ... 
»1 span . - - 

» 1 cubit ... 

= 1 fathom - 
: 1 reed (E.^ekiers) - 
® 1 pole (Arabian) - 
> 1 scosuus, or measuring line 


0-912I 

3*648 

10 944 
9*888 
3*552 

11 328 
7*104 
1*104 


Gbbciak Long Mbasurb. 

(See Hecatompbuon.) 

Paces 


jycoms. Eng. in. 
2 * 0*6666 
8 « 2*6666 
40 or Artificers' 
culit= 13*3333 
48 or Land cu- 
bit=16* 

52 or Sacred 
cubit » 17*3333 


Smith’s Diet. 


1 dactylus, or digit - 
4 dactyli ** 

24 palesta or 2 « 

l^lichasorlf 
iXorthodoron ^ 
l^spithame 
U pous 

li pygDie ' 

llpygon 

4 pecus n 

100 orgya, or paces a 
8 stadia, &c. «= 


6 scrupula 
8 scrupula 
14 duellum 
18 scrupulas 
li digitus 

3 uncise 

4 polmse 

l4 pes, or foot 
palmipes or 1 
If cubit or 24 feet 
2 gradus or 5 feet 
2 passus 
25 passus 
8 stadia 
1000 passus 



of 5 ft. 

Ft. 

In. 


Ft. 

Inches. 

. 

- 

ea 0 

0. 

0*7554 

aa 


•75843 

1 doron, dochme, or 

palesta 

= 0 

0 

3 0218 

sa 


3*03376 

1 lichas 


SS 0 

0 

7*6546 

n 


60675 

1 orthodoron - 


« 0 

0 

8*3101 

» 


8*3428 

1 spithame 


- 0 

0 

9*0656 

sa 


9*10125 

1 pouff, or foot - 


a. 0 

1 

0 0876 

=1 

*1 

0*135 

1 pygme, or cubit 


- 0 

1 

1*6984 

= 

1 

1 66187 

1 pygons 


- 0 

1 

3*109 

s 

1 

3*16876 

1 pecus, or lai^ger cubit 

- 0 

1 

6*1312 

■a 

1 

6*2026 

1 orgye, or pace 

• 

» 0 

6 

0*625 

•m 

6 

0*81 

! 1 Bt^ium, aulus, or 

furlong 

-100 

4 

4-6 

■B 

606 

9*00 

: 1 million, or Homan mile 

-806 

6 

0 

- 

4664 

0*00 


HovAir Long Mbasubb. 


>1 sicilicum. 

^1 duellum. 

• 1 semniaria. 

« 1 digitus transversus 
1 uncise, or inch 
s 1 paliua minor 

• 1 pes, or foot - 

» 1 palmipes ^ , 

= 1 cubit • ' 

bI gradus - 
> 1 passus 
b 1 decempeda - 
B 1 stadium 
» I milliare, or mile 
B I miUe psssuum 


English 

Pacos. Ft. In. 


- 0 0 0725 

- 0 0 0*967 

- 0 0 2*901 

- 0 0 11*604 

- 0 1 2*605 

- 0 1 6*406 

- 0 2 6*01 

- 0 i 10 02 . 

- 1 4 8*04 
-120 4 4*6 
-967 0 0 


Cbnith’s Dirt. 
Ft. Inches. 


•7281 
*9708 
2*9124 
11*6496 
« 1 2*662 

- 1‘ 6*4744 

- 2 6*124 

- 4 10*248 

- 9 8 496 
The Pshmw major 

&*73n . 

.48M 
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liHCHANiciL Oarprkt&y, That bratich df ^oarpent^ which'reUtes to the dikpoeition o£ 
the timbers of a bmlding in respect of their relative strength and the strains to which 
they are suyecjted. 

Mkchakical jPoweqs. See Hackimb. 

Mbchanics. (Gr. Mnxayjj, machine.) That science in natural philosophy treating of 
forces and powers, and their action on bodies, either directly or by the intervention of 
machinery. The theoiy of mechanics is founded on an axiom or principle, called the 
law of tnertia, nainety, that a body must remain for ever in a state of rest, or in a state 
of uniform or rectilineal motion, undisturbed by the action of an external cause. 
Theoretical mechanics consists, therefore, of two parts StaticSf which treats of the 
equilibrium of forces ; and dynamics^ or the science of accelerating or retarding forces, 
and the actions they produce. When the bodies under consideration are in a fluid 
state, these equilibna oecome respectively hydrostatics and hydrodynamics* 

Medallion. A square, or more properly, a circular, tablet, on which are embossed 
figures, busts, afid‘the like. 

Medlkval ArchitbcIttrk. The architecture of England and the Continent during the 
Middle Ages. It is also chiefly called Gothic and Pointed. 

MsGALiTHip. A term which has lately been applied to those works usually called Celtic 
and Druidical. 

Mkhuab. a niche in a mosque of the Mahomedans which marks the direction of the 
Kebla or temple at Mecca, to which their religion directs them to bow their face in 
preying. 

Member. (Lat.) Any part of an edifice ; or any moulding in a collection of mouldings, 
HS of those in a cornice, capital, base, &c. 

Menagerie. (Fr.) A building for the housing and preservation of rare and foreign 
animals. The ancient Homans of opulence usually bad private menageries, a sort of 
small park attached to their villa, and in them various kinds of animals were placed. 
Menhir. See Maenhir. 

Menra. The slab, top, or table of the altai^ of the Homan Catholic Church. 
Mensuration. (Lat ) The science which teaches the method of estimating the magni** 
tudes of lines, superficies, and bodies. 

Meridian Line. A line traced on the surface of the earth coinciding with the intersect ii-n 
" qf the meridian of the place with the sensible horizon. It is therefore a line which lies 
due north and south. In Italy these lines have been laid in large churches, as at Santa 
'b Ifjmda'del Fiore at Florence, the Duomo at Bologna, &c. They are traced on brass rods 
' let into the pavement of the church, and marked with the signs, and otherwise graduated. 
A ‘h61e ill the roof permits the sun’s rays to flill on them at his culmination, thus marking 
^ ^ nowa^as well as its height each day in the heavens. 

Aindofic. ’The plain parts of an embattled parapet, between the crendlesJOT embrasures. 
Meros. (Gr.) The plane face between the channels in a triglyph. See Triolyph. 
Mesauub. (Gr.) Described ^ Vitruvius as itinera or passages ; they were, however, 
^ snmallet courts. Apollonius Bhodius, in describing the reception of the Argonauts at 
the palace of .^tes, conducts them first into the vestibule, then through the folding 
gates into the rrussaula^ which had thalami here and there, and a portico (aiBova’a) on every 
? side*' ' ^ ‘ f 


Meta. (Lat.) A mark or goal iq the Roman circus to .which the chariots, &c., ran. 
<M<tau (Gr. MeraAXov.) A firm, heavy, and hard substance, opaque, fusible by fire, and 
concreting again when cold into a solid body such os it was before ; generally malleable 
Hinder th^ hammer, and of a bright glossy and glittering substance where newly cut or 
’ broken; «.The metals cpnduct electricity and heat, and have' not been resolved into other 


forms of matter, so that they are regarded as simple or elemenuuy substances. They 
also'fefliect, wh^ pofished, both flight and heat. Modern chemists have carried the 
number of metals to over forty* two, only seven whereof were known to the ancients; 

©ohij'Whoie'i^itrbolisrthus mdrked 'Qj; 2. Silver^ .S. Iron, ^ i Co • 

Mbtatomb. (Gr. Mfra, and Tffuw, I cut.) The space or interval between two dents3«. 

MBTOcm. (Probably from MrrfX»f I divide.) In ancient nrchitccture a tem used"^ 
Vitruvius to denote the interval or space between the dentels of tlie Ionic, or trigfyphs 
o£ the Doric^orddr. Briibirobhetves'^cthkt in an ancient MS. copy of that author, the 
word metatome is used instead of ^mefoebe. Thiefnwfie Dsviler suspect that the common 
text of l^tmvius ia comipit, and' that the Hrord^shdiild mot' bh .metoche but metatome, 
* aa it wiemsrdfhm. ^ ♦ v ' > 


JfmoaPA.k (Or. Mera, between, and Ovi|, a hole.). iTih^A(|ttake space in the friese betwwon 
the trigmhs of the Doric order : it is left either plain decorated, according to the 
^ taste m t^e ahehi^. In Vevy anrieht maaqAak nritMii^oedeb the metopa was left quite 
f^pep. 1414 and 1414 represent two sontotiiree ftom the Parthenon set Athens. 

Fretieb wsit of ien^ (see MBAix^,<flt«l whence is derived their metrical 
nrir followed by mahy othet ballons. 'i 
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MuciciLif A. lum iyn^iTn;it^ Xhtt butldiniTP of the ancient people iiihabiUng Ifexloo BiO0, 
Yucatan in America-- reoeo^ or pyiamicU* with walls of ruined citieB» various carviiigi 



Fig. 1414. Fig. 141S. 


on the face of the stones, and sculpture of hideous shape, comprise nearly all that is as 
yet known of their works. 

Hbzzanins. (Ital. Mezeano, middle.) A story of small height introduced between two 
higher ones. See Enthbsol. 

Mezzo Erlibvo. See Rklirvo. 

Middle Post. In a roof, the same as Kmo Post. 

Middli Quabtebs of Columns. A name given to the fonr quarters of a column divided 
by horizontal sections, forming angles of forty-five degrees on the plan. 

Middle Rail. The rail of a door, on or in which the lock is usually fixed. 

Mile. (Lat. Mille passuum, a thousand paces.) A measure of length in England equal 
to 1,760 yards. The Roman pace was 5 feet; and a Roman foot being equal to 11 '62 
modem inches, it follows that the ancient Roman mile was equivalent to 1,614 English 
yards, or very nearly eleven-twelfths of an English statute mile. The measure of the 
English mile is xnddentally defined by an Act of Parliament passed in the 3dth of 
Elizabeth, restricting persons from erecting new buildings within three miles of 
London, in which Act tne mile is declared to be 6 furlongs of 40 perches each, and each 
perch equal to 16^ feet 

Milk Room. See Dairy, 

Millstone Gbit. A coarse grained quartzose sandstone. It is extracted from the group 
of strata which occur between the mounttin limestone and the superincumbent coal 
formations. 

Minaret. (Arab Menarah, a lantern.) A slender lofty turret, rising by different 
stam or stories, surrounded bv one or ^ mor^ projecting balconies, common in 
Mc£ammedan countries, being used by the priests for summoning (from the balconies) 
the people to prayers at stated periods of the day. They are also called alkoranes. 

Mindba. The name for the oella containing the statue of a Hindoo temple, from whence 
rises the 9ikr or spire ; Die ffonam ts the munduf^ and the portico is in front, which 
is the chdori or pillared hall. 

Minion. An iron ore, which mixed idth a proper quantity of lime makes an excellent 
water cement. 

Mxnstbb. a churdi to which an ecclesiastical fraternity has beea or is attached. The 
name has been also used freely to distinguish coliegiate or conventiud chux^es foom 
parish churches. 

Ifnnm. (Lat.) See Modulb. 

HiscanA. See waoliola. 

JCi s bumii . A hinged seat attached mi an horizontal axh» to a stall in a chuf<^ or 
cathedral. It was so contrived that if, during the performance of reUgions cereiXMmies, 
the occupier of it slept, he would fidl on(pea^aiioe) the door. Hence the name, ^e 
coiM under the seat^ which formed the resting place, is usually carved with ft^aM or 

' with %iizez sometimes a ludterous derign. The earliest sUamjdes irs in mte 
Oalhedrahjfiat^ 

Mutckbl. a name gkan hy workmen to PuxMk stemesof twenty4minehaslw Mien 
when squared for miSding. 

Hrim, somsdines written Mrm Sea Bam,. 

KmuiBoac. See Box fob Htxan 
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MmtB AftCH. A ^r^cti name for a pediment arch eimilitT to 1418. EimmpUoiM!^ 
mund in early Qreok and in Celtic structures as well as in tne early Norman work i» 
England. 

Mixisn Anolb. An angle of which one side is a curre 
and the otiier a straight line. 

Mixed Fiotma. One composed of straight lines and 
curves, being neither entirely the sector nor the seg • 
ment of a circle, nor the sector nor segment of iin 
ellipsis, nor a parabola, nor an hyperbola. 

Moat. A wide ditch surrounding a house, castle, or 
town, and always full of water, or capable of being 
filled when requisite. 

Model. (Lat.) An original or pattern proposed for 
anyone to copy or imitate. Thus St. Paul’s may be, 
though not strictly so, said to be built after the model 
of St. Peter’s at Rome. 

The word is also used to signify an artificial pattern 
made of wood, stone, plaster, or other material, with 
Jill its parts and proportions, for the satisfaction of the 
proprietor, or for the guide of the artificers in the exe- 
cution of any great work. Jo designing large build- 
ings a g(K)d method of proceeding is to make a model, Bamack Church 

and not to trust entirely to drawings. 

Modilliow. (Fr.) A projection under the corona of the richer orders resembling a 
bracket. In the Grecian Ionic there are no modillions, and they are iw-ldom found in 
the Roman Ionic. Those in the frontispiece of Nero at Rome consist of two plain faces 
separated by a small cyma roversa, and crowned with an ovolo and bead. In the frieze 
of the fourth order of the Coliseum, the modillions iiro cut iu the form of a cyma 
rerers. 1 . 

Moddlae Propoutiun. That which is regulated by a module. See Moduiji. 

Modulation. (Lat.) The proportion of the different parts of an order. 

Module. (Lat.) A measure which may be taken at pleasure to regulate the proportions 

' of an order, or the disposition <>f the whole building. The diameter or semi-diameter of 
the column at the bottom of the shafr has usually been selected by architects as their 

• module ; aud this they subdivide into parts or minutes. Vignola has divided his module, 
which is a semi-diameter, into 12 parts for the Tuscan and Doric, and into 18 for the 
other orders. The module of Palladio, Oambrai, Desgodetz, Le Clerc, and others, is 
divided into 30 parts or minutes iu all the orders. Some have divided the whole height 
of the column into 20 parts for the Doric, 22^ for the Ionic, 26 for the Corinthian, 

• one whereof is taken for the modulo by which the other parts are to be regul.ited. 

Vitruvius having lessened his module in the Doric order, which in the other orders is 
the diameter of the lower part of the column, and having reduced the great module to a 
mean one, which is a semi-diameter, Perrault reduces the module to a third part for a 
similar reason, namely that of determining the different measurements without frac- 

• tion. Thus, in the Doric order, besides that the height of the base, as in.thf) other 
orders, is determined by one of these mean modules, that same module furnishes the 
height of the cnpibil, architrave, triglyplis, and metop®. But the. smaller module ob- 
tained from a third of the diameter of the lower part of tlie column has uses considerably 
more extensive, inasmuch as by it the heights of pedestals, of columns, and entablatures 
in all the orders may be obtained without a fraction. 

Modulus or Ei asticity. A term in relation to elastic bodies, which expresses the weight 

■ of themselves continued, which would draw them to a certain length without destroying 
their elastic power. 

Mole. (iSax.) A pier of ston^ for the shelter of ships from the action of the wivves. 

• Amongst tne Romans tlie term was applied, as in the case of the mole of Hadrian 
(now the castle of St Angelo at Rome), to a kind of circular mausoleum. 

Momentum. . (Lat) The im^us, force, or quantity of motion in a moving body. Tho 
word is sometimes used simply for the motion itself. 

Monastery. A house for the reception of religious dorotoes, but more properly applied to 

' one for the habitation of monks. 

Momi AL. An old way of writing Muixiok, and still need l)y some writers. 

Honmby. In piling operarionsi See Fistuca. 

MomiOKROMa. A system of decoration of one colonr only.^ 

MoNotrn^ (Gr. one, Atiot, a stone.) A roonnment, obelisk, or column of t 
sii%le stona Such works am found in many parts of the world. In Egypt a|4 
India temples hare been formed out of the of single blocks of stope, Many 

drdeS of stoneet as at Abni^ and i Isewhere, ooBisst of monoliths. 






OLOSSAEY. 


KoMaptBiui.. (Gr.) A specieB of temple of a sound fonn, irliich hud neither -wtillii mH 
cellm but only a cnpola sustained by columns. See Tbmplb. 

Monotbiqltfh. (Gr.) A term applied to an intere<^ommation in which only one tri- 
glyph and two metopsB are introduced. 

Momstrikce. a tr.inspurent pyx for processions of the Church, or when the Host ii 

'^^xhibited ; a casket for the exhibition of the Sacrament. 

Mumtant. The intermediate style in a piece of framing, which is tenoned into the rails. 
It is also called a muniin. 

Monument. (Let. Moneo.) An edifice of importance in the history of art, and which 
was ra'sed to perpetuate tlie memory of some eminent person, or to serve as a durable 
token of some extraordinary event. See Mausoleum. The pyramids may also come 
under this class, although they were tombs. The word monument is too generally ap- 
plied to mere tombs. 

M<»orstune. a species of granite found in Cornwall and some other parts of England, 
and very serviceable in the coarser parts of a building. Its colours are chiefly black and 
wliite, and it is very coarse. In some parts of Ireland immense beds of it are found, 

Moubsqub Auchitbctube. The style of building peculiar to the Moors and Arabs. It it 
also called Saracenic. 

The word Moresque is also applied to a kind of painting in that style used by the 
Moors. It consists in many grotesque pieces and compartments, promiscuously, to ap- 
pearance, put together, but without any perfect figure of man or animal. The style is 
*(OTnetimes called Arabesque, 

Mortar. The material used to bind ttone, bricks, &c., together ; it is compounded of 
burnt limestone and sand. Hydraulic mortar is made of hydraulic lime and sand. 

Mortice, or Mortise. (Fr. Mortoise, probably from the Latin Mordeo, to bite.) In car- 
pentry and joinery, a recessed cutting within the surface of a piece of timber, to receive 
a projecting piece called a tenon left on the end of another piece of timber, in order to 
fix the two together at a given angle. The sides of the mortice are generally four 
planes at right angles to each other and to the surface, whence the excavation is made. 

Mortice Lock. A lock made so as to fit into a mortice cut in the lock rail of a door to 
receive it. It is thus shut out from sight. 

Mosaic. (It. Mosaico,) A mode of representing objects by the inlaying of small cubes 
of glass, stokArble, shells, wood, &c. It was a species of work much in repute 
among thel^H||s, as may be gathered from the numerous remains of it. It is sup- 
posed to ha^^^nated in the east, and to hare been brought from Phoenicia to Greece, 
and thence carried to Rome. The term Mosaic work is distinguished from marqueMf 
and parquetry by being only applied properly to works of stone, metal, or glass. The 
art continues to be practised in Italy at the present day with great success. 

MoHiub. (Turk. Moschet.) A Mohammedan temple or place of worship. The earliest 
Arabian mosques were decorated with ranges of a vast number of columns, often be- 
longing originally to other buildings. Those of the Turks, on the other hand, are more 
distinguished for the size and elevation of their principal cupolas. E^h mosque is 
provided with a minaret, and commonly with a fountain of water, with numerous 
basins for ablutions. , . , . 

Moctjj. A term used to signify a pattern or contour by which any work is tobtfU^ought. 
The glazm's moulds are of two sorts, one of which is used for casting the lead into long 
rods or cames, fit for drawing through the vice in which the grooves are formed. This 
they sometimes call the ingot moM. The other is for moulding the small pieces of 
leai a line thick and two fines broad, which are fastened to the iron bars of casements. 

The mason's mouldy also called caliber, is a piece of hard wood or iron, billowed on 
the edge, answering to the contours of the mouldings or cornices to be formed. The 
ends or heading joints being formed as in a cornice by means of the mould, the inter- 
mediate parts are nought down by straight edges, or circular templets, as the work is 
straight or circuHr on the plan. When the intended surface is r^uired to be yeiy 
exact, a reverse mould is used, in order to prove the work, by applying the mould in n 
transverse direction of the arrises. 

Moulu. The prepared form on which plnmbers cast their sheets of lead ; it is simply 
called a table. They have others for easting mpes without soldering. 

!Moulb SrovB. Onp of the stones of a moulds jamb. 

MoiTxmMos, The pmsmental contmrs or forms applied to tbs odges of the projecting or 
receding membem ^ an order. Grecian numldiiigs are fSomied by some eonic seettoa, as 
a poxtton of an ellipse or hyperbola. The Romati mouiding* fbnnsd by ares of 
circles, the same moulding JUvmng the seme cumtore throufi^mot. The mouldhigs 

^ in*Pointed ardiiteAiweaw chiefly formed by pordons of eir4os. \ ^ 

Mvvmm, or In Pmnted axdmtoctnrs, the vertical poiljor bar ymek 

divides a window into tiro or mor« l^ts. 

HbnnvoiL. An arch with such fl»lialfooi that it is thought nnteCOtsaiQr far 

tknlarlv to loseifv the number. 
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ffcNioivAL Architbctcbe. Tho term applied to buildings eveeted for mil and municipal 
parposes, such as town lialls, guild balls, &c, Ko pait4culkr style is inferred, as the 
i>uildings partook of the style prerailing at the time of thmr erection, and in the pre- 
sent day it depends on the decision of the persons for whom the edifice is designed. 

Mumimeitt Boom. A strong, properly fire-proof, apartment in public or private buildings, 
for the keeping and preservation of evidences, charters, seals, icc., called muniments. 

Munniox. See Mullion. 

Muntin. See Montant. 

Muhal. (Lat ^ Belonging to a wall. Thns, an upright monumental slab attached to a 
wall is callpd a muraf monument ; sometimes a mural slab or tablet ; an arch inserted 
into or attached to a wall is called a mural arcA; and columns placed within or against 
a wall are called wural columns. 

Museum. (Qr. Mow<r€ioi^.) ^^useum js a building destined to the receptio n of natural, 
literary, or sc i ent i fi c cur ioaitles, and for that of the wQikVorrwumed"^fi 
The term was first applied to that part of the palace a^^lexandria appropriated solely 
to the purpose of afiurcling an a^lum for learned it contained buildings and 

^oves of considerable magnificence, 'and a temple wherein was a golden coffin contain- 
ing the body of Alexander. Men of learning were here lodged and accommodated 
with large halls for literary conversations, and porticoes and shady walks, where, 
supplied with every necessary, they devoted themselves entirely to study. The 
establishment is supposed to have been founded by Ptolemy Philadelphus, who here 
placed his library. It was divided into colleges or companies of professors of the 
several sciences, and to each of such professors was allotted a suitable revenue. 

Museums, in the modern sense of the word, began to be established about the 
sixteenth century, when collections were formed by most of the learned men who 
studied natural history. On a small <mcalegj, they are becoming more common in the 
princiml towns of this country. Where economy requires it, and the collection in 
each department be not too Jar«o, the wdiole may be properly and conveniently 
comprised within one building. In resp(Jct of security against fire, and quietness of 
the situation, the same precautions will be necessary os have been indicated for 
libraries, and must always be observed. 

In the composition of museums, decoration must not bo exuberant. It must be kept 
in the interior so far subordinate as not to interfere with the objects to be exhibited, 
which are the principal features of the place. With this caution we do not preclude 
the requisite degree of richness which the architecture itself requires. Great skill is 
necessary in introducing the light properly on the objects, inasmuch as the mode of 
properly lighting up objects of Natural History is very different indeed from that 
which is required for Pictures, and this, again, from what Sculpture requires. 
Specimens illustrating Natural History, Sculpture, Vases, and the like, should have 
high lights. Algarotti states that the museum which Eubens built for himse’f 
at Antwerp was circular, with a single light in the roof. The museum at Scarborough, 
designed by Mr. E. H. Sharp, is 32 feet in diameter inside, with a skylight of 9 feet. 
It has also seven windows round the lower portion of the room. There are subjects, 
nevertheless, in all these classes (in mineroJogy, for example), for which strong side 
I'ghts are essential to an advantageous exhibition of them. In such cases small 
recesses may be practised for the purpose At the H6tel des Monnaies, at Paris, the 

f )re88es which contain the collection of Mineralogy form a circle which encloses a small 
dcture theatre, and thus become doubly serviceable. The student is thus made aware 
how room is to be gained when the area of a site is restricted. The collection of 
Sculpture is not so well lighted as are the models and other objects. Paintings 
excepted, in the Vieux Louvre, which are exhibited to perfection. 

Where the same museum is to contain several classes of objects, the suites of rooms 
for the different departments should be accessible from some central pne common to all ; 
this may be circular or polygonal, as may best suit the arrangement and means ,* and^ 
if possible firom the site, the building should not consist of more than one story above 
the ground ; on no account of more than two. 

For the objects it contains we question whether the Britt^h Museum Is surpassed, 
as a whole, in Europe ; and those of the Vatican, of the Uffisg at Florence, of Porticir 
and of Farit, axe none of them of sufficient architeotaxal importa'pee to detain the' 
reoAet by description ; neither wonld they, if so defiHbed, be ueef^lo the student as 
models. At Munich the Glyptotheea for sculpture, and the Pinaeodieea for pictures, 
by the Baron von Klenie, are in tome reepecte well iuhed to the exbilntion of the 
oljecta deposited in them, bettor, indeed, thin is the muMlhni li Berihi. As speoiuma^^ 
of arohiteeture they have Uep highly priM aari M eevANj^ 

Bit John iSk>aM*« Mueeuin, in I4$colh*8 Jm Fiel^ should b|Viritcd by any amatM* 
OQBtemphitkig the formation of a collection of iMIa ^ aia, to nnderptand hW milph 
may beget into aamall 4am, with welHighted, wuis^ and ventilated aparttumrim' 

ff * 
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Tho Mui^m of Econdmio in Joimja 8fcr«efc» designed 18d7->i8« by tlU* 

lete%ir James Fennethoroe. It is well adapt^ fbr ^ speetal pnrpeee. The bali or 
museum is 95 feet long, 65 feet wide, and S2 f<et high to the springing of the iron roof, 
and 42 feet 9 inches to its crown. It is also a good specimen of welbeelected 
Anston stone, and cost about 80,000^. The Fitzwilliam Museum, nt Cantbridge, was' 
commenced in 1837 by Geoi^e Baseri, and partially completed after his death in 1845 
by 0. E. Oockerell, E.A. ; but it has since receirea seyeral additions and alterations 
for the increased collections. The South Kensington Museum, as it is called, com* 
bining works of art and manufacture of modem date, has many portions to be highly 
commended. The Art Museums nt Dublin, Edinburgh, in the castle at Nottingham, 
Manchester, and numerous other towns, afford examples for the future designer of 
such useful edifices for general purposes. The Natural History Museum at South 
Kensington, designed 1873~dl by Mr. Alfred Waterhouse, R.A., affords one of ths 
latest examples of a building for a special purpose. It is probably tho largest modern 
building in which terra-cotta,^ s been exclusively used for oxtornal and internal sur- 
fices, including architect uraMld decorative features, except ceilings and floors. It is 
670 feet long and 290 feet deop. 

The public museum and library erected at H&rre, by M. L. Fortune Brunet 
Debnines, about 1848, is *txeeoditigly meritorious. It consists of a central hall for 
sculpture ; on either side, and sepjirated from it by an open arcade, by means of 
which the hall is lighted, is a gallery and museum, the fiooj* of which is six or eight 
feet above the floor of the halloo as to afford rooms for attendants, &c., beneiUh. 
Accens to these galleries is haiMbm the hall by a flight of steps on each side of the 
entrance in front. A long flight of steps from the centre of the back of the hall, witli 
other flights right and left, conduct to a picture gallery over the hall, and to a library, 
containing 20,000 volumes, over the sulo gallenos. It is a square of about 100 feet, 
not including the principal staircase. 'J he budding, without the fittings, cost about 
40,000/. It is of stone. 

Mushrebbibyeh. The Arabic term for a projecting balcony enclosed with lattice work,40 
which the occupiers of a house can sit without being seen from the street and enjoy 
the air. 

Musjid. The Arabic for a mosque; the jumma mmjid is the chief mosque of a 
city. 

Mutilated Cornice and Pediment. One that is broken or discontinued. Such works 
were much used during the worst period of the Kenaissauce, and may still be seen 
occasionally introduced in modern buildings. 

Mutilation. (Ijat.) The defacing or cutting away of any regular body. The word 'is 
applied to statues and buildings where any part is wanting. 

Mutulk. (Lat.) A projecting ornament of tne Doric cornice, which occupies the place 
of the modillion in the other orders, and is supposed to represent the ends of rafters. 
The mutule has always been assumed as an imitation of the end of a wooden rafter ; 
hence, say the advocates for a timber type, they :&re properly represented with a dedi- 
natioD towards the front of the coronas. 


N 


Nail. (Sax. Nseg^^-) ^ small metal spike for fastening one piece of timber to another. 
The sorts of nails are very numerous. Those of most common use in building are 
known by the namea of ten-jpennjft twenty-penny, and two-$hilliny nails. Ross nails lire 
dmifD square in the shank. Brads are long and slender nails writhout heads, usdd for 
thin deal work to avoid splitting, Thoks, the smallest sort of which serve to fasten 
linen or paper to wood ; xh^^tfmdHny for medium work ; Uie laryer sies are much 
by upholstered. <}ut nails, or nails cut by machinery instoad of being wrought by 
fhand as formerly, jure now much used, eiq^ially for securing ffooriug boards to the 
' timbero. See Adhesion. 

Nail^ruad Moulding. One used in Norman buildings, and so called ftom being formed 
by a series Of projections resemUing the heads of nails, or square knobs. 

Naked. A term applied either to' a goIubui or wall to deaolte the foee or pLun^sarfhee 
from which the p^eetions rise, 

NaiCEo FlodhimoI T^eEssemblage of timbers for ^e floor of a building, wtmeot thera 
are thma EOrtS^ flooring, double flooring, and doable^foamed floorih^* ' 

IJared ow a WatL. nw wmote face whm>ee the poo^^otidnf talke their rise. It ja gede- 
a plain futfobe, and when the im is rireniarkhe fliieed is the Eurfoneofarc^mdeE 
wi^ its amts BMeadleular to l9m himaod. 

Naott. (Of.) BasOiEL. 
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Narthsx. An inc1o»od space in the ancient basilica when used as a Christian church ; tiM 
also of an ante>temple or vestibule outside the church ; it is thus used as synonymaus 
with parch find p^tico. Some modern churches have a narthex with a lean-to roof, 
SI as to form a kind of large porch the whole width of the building, or of the nave only. 

Na ruRAL Bhd or a Stokb. The surface from which the laminse were separated. In all 
ninsonry it is important to its duration that the laminae should be placed perpendicular 
to the face of the work,^ and parallel to the horizon, inasmuch as the connecting sub** 
stance of these laminae is more friable than the laminae themselves, and therefore apt to 
scale off in large flakes, and thus in 'uce a rapid decay of the work. 

Naumachla. (Gr. from Naur, a ship, and Maxn, a battle.) In ancient architecture, a 
place for the show of mock sea engagements, liUle different from the circus and amphi- 
theatre, since this species of exhibition was often d^* splayed in those buildings. One 
was erected at Milan under the orders of Napoleon I. 


Navh. (Gr. Noos.) The body of a church reaching from the rail or partition of the choir 
^ to the principal entrance. See Chubch. By ^ 

far the most important feature of KomaDesquM|A f 

architecture is the greater elevation obtained foi^ Wt lU|l 1 , 

the interior of diurches beyond the mere walls ^ ^ i ^ 

of previous times. This resulted in the triple ^ Mn lid I L 

range of Pier ar?h, dividing the nave from the — ^ * 

aisles, as V^njlg. 1417 ; the Triforium, contain- III IT 

ingBometimesagallery overthai*iisles,^8 2; and ^ 

the Clerestory, or row of windows adQ)itti|| 2 ^ ^ A / 

light to the n^ve, as 3. The string courses are I j 

unbroken, and give the appearance t)f the build- jj I 

ing being divided into layers or stages; the ® ^ em mV 

arches also do not harmonise, and the wholes Fig. 1417. Roman. Fig. 1418. Norman, 
presents the characteristics of the horhsontality 

of ancient types. The first stage of transition to the vertioality of Pointed aiHjhitecture 
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tbe Bectilineat or Perpendicular period. In the later portion ma^ be noticed the flatten * 
ing of the arches, the four-centred arch being that most frequently used. The ogee arch 
*yjig. 1427) was also much used at the same period. The abore representations (fgB. 
1424 to 1427) of a bay of a nave or choir, exhibit the additions of a Perpendicular 
clerestory on a lower portion of earlier character ; and the extinction of the triforium!! 
as a gallery, it being transformed into a wall decorated with panels. The priory church 
. at Bath has not a triforium, but a lofty clerestory, like fig, 1426; while the choir it 
Bristol has neither triforium nor clerestory. 

Nkbulb Moulding. (Lat. Nebula.) An ornament in Norman architecture, wliose edge 
forms an undulating or wary line, and introduced in corbel tables and archi volts. t\g, 1382.' 
Nbck of a Capital. The space, in the Boric order, between the astragal on the shaft 
and the annulet of the capital. Some of the Grecian Ionic capitals are with necks 
below them, as in the examples of Minerva Polias and Erechtheus, at Athens. But the 
Ionic order has rarely a neck to the capital. 

Nkkdle. A horizontal piece of timber serving as a temporary support to some super- 
incumbent weight, Jis a pier of brickwork, and resting upon posts or skoreSy while the 
lower part of a wall, pier, or building is being underpinned or repaired, 

Nrbvurbs. a name given by French architects to the ribs bounding the sides of a 
groinod compartment of a vaulted roof, as distinguished from the ribs which diagonally 
cross the compartment. 

Net Mkasurk. That in which no allowance is made for finishing, and in the work of 
artificers, when no allowance is made for the waste of materials. 

Nkutral Axis. That plane in a beam in which theoretically the tensile and compressive 
forces terminate, and in which the stress is therefore nothing. 

Nkwel. The upright cylinder or pillar, round which, in a winding staircase, the steps 
turn, and are supported from the bottom to tlie top. In stairs, geometrical for instance, 
where the steps are pinned into the wall, and there is no central pillar, the staircase is 
said to have an opm newel. 

Nichb. (Fr. probably from Nfoo-erio, n nest.) A cavity or hollow place in tJie thickness 
of a wall for the reception of a statue, vase, &c. 

Nidqbd Ashlar, A species of ashlar used in Aberdeen. It is brought to tlie square by 
means of a cavil or hammer with a sharp point, which reduces the roughness of the 
stone to a degree of smoothness according to the time employed. When stone is ao 
hard as to resist the ciiisol and mallet, the method described is the only way in which 
it can be dressed. , 

Nog. The same as a Wood Brick. 

Nogging. A species of brickwork carried up in panels between quarters or studs, and in 
which manner partitions called “brick-nog partitions’' are made. 

Nogging-piecb. a iKjrizontal board laid in brick-nogging, and nailed to the quarters for 
strengthening the brickwork. They are disposed at equal altitudes in the brickwork. 
Nonagok. (Gr.) A geometrical fi^re having nine sides and nine angles. 

Norkal Likb. In geometry, one which stands at right angles to another line. 

Norman Architbcturk, This term comprises the architecture of the Normans as seen 
in Sicily and adjoining countries; and is applied to the round arch s^^le which was 
carried out chiefly in Normandy, and thence taken over into England spoq after 
Edward tho Oonfessor’s time, and more prominently in the reign of mlliam L It is a 
variation of Romanesque architecture, ^eej^s. 1417 and 1418. / 

Nosing of a Stbp. 'The projecting part of the tread-board or cover which stands before 
the riser. The nosing is generally rounded, so as to have a semicircular sectioq ; and 
in tlie betfctfp sort of staircases a fillet and hollow is placed under the nosing. 

Notation. In the early periods of the Roman notation, four was written UII., this has 
been changed into IV. ; nine was written VIIII., now IX. ; forig was writtezi^ iSboC., 
now XL. Five hundred was originally written Iq., now B.; (r thoueand CldvStow M. 
The number Iq » 600, is increas^ in value ten timeafor every q ^nexed. . « 

6,000 ; looo •• 60,000, and so on. The number CI^ « l,OH)0'ie increased in v^e ten 
times for every 0 and q prefixed or annexed to it. vTbu^ CJGIpO** 10,000, ? This 

notation is not now in use, but will be, found in works;of the l?th century. 

Notation, ARCHiTnornRAL. The methoci adopted of plaring signa to figures Tvhen mark- 
ing dimensions on drawings. .Thus. In lieu of writing jM, and psrfn of ah inch, 

certain dashes are used, * for feet, " for inches, jand *** parts ; or ** for feet,' ' for Ihehea, 
jmd ** for parte. There is no settled inethod ^ using these marics. 

^ ^BOARD. A board which is grooved or no^ied for^the rocej^on and support uf tha 
V JUs of steps in a staircase. ' 

Notohino. a hollow cat horn .one of the ^^oes of a timber, geunall^ 

rectangular in section. 

^vexma. (Lat) In ancient architecture, the intprnal piMt.of n floor,- whi^ ionristud of 
a strong cement, over which the pavement was Uid with, feoriar. 

Knotma, or Nacmli^ The Baaserit name ibr U nilijr ; « Al^modnaggei!, properiy Ahmag- 
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The name of a Bpecies of very ancient rtnictnre in Sanlfnia, rmmhling and 
nsw for a similar purpose as the cromlechs or dolmens. They are supposed by eomo 
'Writers to be the work of the ancient Pbmnicians. 

«TMPHiEnM. (Gr,) A name used by the ancients to denote a picturesque grotto in a 
rocky or woody place, supposed to be dedicated to, and frequented by, the nymphs. The 
Romans often made artificial nymph© in their gardens. In Attica, the remains of a 
* nymphffium are still to be seen decorated with inscriptions and bassi^rilievit from the 
rude workmanship of which it may be presumed that the grotto is of very anifientdate. 


O 

Oak, (Sax. Ac, .ffic.) A forest tree, who^e timber is, from its strength, hardnessi and 
durability, the most useful of all in building. 

Obelisk. (Probably from a spit, brooch, or spindle, or a long javelin.) A lofty 

pillar of a rectangular form, diminishing towards the top, those of Egypt often 
having inscriptions and hieroglyphics. The upper part finishes goneralljr with a low 
pyramid, called a 'pyramidion. The proportion of the thickness to the height is nearly 
the same in all obelisks ; that is, between one ninth and one tenth, and their thickness 
at top is never less than half, nor greater than three fourths, of that at bottom, The 
following table exhibits a list of the principal obelisks; and with the dimensiona must 
be taken with some reservation. Muilder, 1877i xxxv., 1076, giv^s a plsito of eleven* 


Situation, &o., of the Obelisk. 


Two, mentioned by Diodorus Siculus 

Two, of Nuncoteus, son of Sesostris, according to Herodotus, Diodorus 

Siculus, and Pliny 

Two, attributed by PHny to Smerres and Eraphius - - 

Of Neotanabis, erected near the tomb of Arsinbe by Ptolemy Phlla- 
delphua - 

Attributed to Sothls, mentioned by Pliny ------ 

Eamak ; Thebes : two in the ruins, raised on a block ... 
„ „ two in the ruins, raised on a block • . - 


' Rome : Piazsa del Laterano j taken to Aleiandria by Constantine, 
and to Rome by Constantlus, where it was placed In the Circus 
Haximus ; broken in three pieces, repaired and raised, 1588, by 

Fontana. Weighs 445 tons ; the longest 

Rome : Piazza del Popolo ; Set! and his son Rameses II. ; brought 
from Heliopolis by Augustus, b.c. 10, and placed In Circus Maxi- 
mus ; raised 1689 by Fontana - - 

Rome: Piazza di Monte Cltorio; Psammetious II., b.c. 694--688; 
brought from Heliopolis by Augustus to act as a gnomon; re- 
moved 1792 

Rome : Piazza of St. Peter ; Manephthah ; from Heliopolis, B.c. 1400, 
by Calus Caligula; erected about 1590 (plain) - - - * 

Rome : Piazza Navona ; cut for Domitian ; placed in Circus Caraoalla 
or Maximus; raised 1651 by Bernini; also called Famphilian 

obelisk 

Rome : Piazza Sta Maria Maggiore ; out by Claudius ; formerly in 
front of the mausoleum of Augustus ; (made about b.c. 2000 ?) ; 
raised 1687 by Fontana (plain) - ------- 

Borne : Quirlnal Hill ; also out by Claudius, and set up by Augustus, 
as its fellow ; raised 1786 by Autinori (plain) . . - - - 

Rome : TrinitA de’ Monti ; brought by Hadrian ; set up 1789 - 
„ in front of the Pantheon ; from Circus Maximus ; set up 1711 
„ Villa Mattel, on the Ooelian ------- 


on the Plnoian (called the Aorelian) ; raised for Plus YIT. 
Piazza della Minerva ; by Pharaoh Hophra, B.o. 588-69 1 
raised on au elephant 1667 by Bernini • • - - - 

„ Villa Medici - 

„ the Barberinl - 

M from Thebes : by TboMMOi III. or IV. • 

Heliopolis : only one now remd^s out of three pairs ; it is the oldest, 

by Oalrtesen, about 8000 

London : Thothraes zn., B.o. 1600 ; it was origibally on a block of 
granite 5*2 feet high, on three steps 6 ft. 6 In., pieds de Paris ; re- 
moved B.C. 28 to Alexandria ; removed 1878 to London, and raised 
for B. Wilson, by J<^ Dixon, OJL ; called Cleopatra's Kecdle 
Arise ! found butted thene in 1888, and raised 1678 . . • . 

Paris : from Luxor ; zemoved ana raised 1881-80 by Lebaa 
Luxor : still there 

Constantinople : In the At-Meidan ; moved by Emperor Theodoeitts - 
M saeaUer one, according to Gyllins • . - - 


Ahyasii^ about 
Qardess of fiallnst t aoeording to Mercatl • • . • • 

BMiJe^ near JCeednet-el-Payoum, in Egypt : Oslrtesen 1. ; unequal 


Eng. Feet. 
158*2 


! 106*6 
68*8 

72*8 & 90*0 
68*8 & 70*0 
106*0 


Eng. Feet? 'Snirfe 
7*9 11*8 


MufnniMMt Thoihnwi-Bafnesee 


68*H 

80*1 

76*6 

79*1 

89*7 & 60*0 
84*8 
60*0 
48*8 
48*9 
48*0 
41*0 

07*9 h 09*1 


4 0 h 8*0 7*8 7*10) 

4*8 7'4 


2*9 4*0 

2*0 4*9 

4*9 0*94 

4*9 6*10 ft 9*8 
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OvLt^m Anoub. ‘One that is greater or less than a right angle. ^ 

ObliquB’Anqlbq Triakolb. One that lias no right angle. 

Oblique Archks. Such as cross an opening obUqnely to the front face of them. 

Obuqub Lxkb. One which stands, in respect to another, at a greater angle than ninetjT 
degrees. 

Oblovo. a rectangle of unequal dimensions. 

Observatory. (Fr.) A building for the reception of instruments and othor matters for 
• observing the heavenly bodies. The observatory at Paris, from thedesipis of Perrault, 
is a noble building, but, we believe, is universally admitted to be very ill suited to the 
purposes for which it was built. A regular observatory is one where instruments are 
hxed in the meridian, whereby, with the assistance of astronomical clodcSi the right 
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ascensions and dedinations heavenly bodies are determined, and thus motion, 

time, and space are oonvertelVHo measures of each other. On the oheemtione and 
determinations made in sud^^estahlishments they are therefore, to siaritime states, of 
vital importance, and ought to be liberally endowed by their governments, As the 
subject will be better understood by a plan, we subjoin, in liSi, apian and elevation 
of the observatory at Edinburgh. The general form of the plan, as will be therem 
seen, is a Qieek oross, 62 feet long, terminated at its feel hy projecting hexas^le porti* 
coes, which are 28 feet in front, and surmounted bv pediments. The intsreeot&g nn^ 
of the cross at their intersection are covered by a dome 13 feet diainet4ar,VhiehOTf«llo9 i 
round horizontally, and under ^ df solid tnasomy is broog^ iqp dt e 
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( eonical form 6 feet in diameter at the base, and 19 feet high, ibis iK Intebdod either 
for an astronomical circle or for an equatorial inatruraent for obserratiouB of the 
heavenly IkkIics made out of the meridian. In the eaHtem ^oot of the cross (hb) are 
stone piers for tlie reception of the trans't instrument ; c is the stone pier to which the 
transit clock is attached ; and d is a stone piece on which an artificial horiaon may be 
placed, when ol>servations are taken by reflection : this is covered by a floor board 
when not in use, being just under the level of the floor; a a are the slits or chases run- 
ning through the walls and roof, but closeable by means of shutters when the observa- 
tion is completed On the western side (ee) are chases as in the transit room ; / a larg# 
' stone pier for the reception of a mural circle ; g the clock pier ; h the pier for an artifl- 
cial horizon as before ; t is the conical pier above mentioned, over which the moveable 
dome is phicedj having an opening (1) in the elevation for the purpose of observation ; k 
. is the observer's room ; and m the front entrance. 

It is to be especially observed that the piers for the reception of the instruments 
' must not be in nny way connected with the walls of the building ; they should stand on 
the firmest possible foundation, which, if at all doubtful, must bo formed with concrete, 
and the piers should, if possible, be out of a single block of storio ; but if that cannot be 
obtained, the beds must be kept extremely thin ; partial settlement being ruinous to the 
nicety of the instruments as well as to the observer's business. The observation 
applies also to the clock piers, all vibration and settlement being injurious also to them. 
A dry situation should be chosen for the site, for, except in the computing rooms, no 
fire heat can be allowed ; and it is important that the brass whereof the instruments are 
made should not he corroded by the action of moisture. In large public observatories 
there should be the readiest access from one part, to another, and rooms for a library 
and computers independent of the chief astronomer’s room. The Orwell Park observn- 
' tory, as described by its architect, Mr. Macvicar Anderson, is published in the Sessional 
papers of (he Koyal Institute of British Architects, Nov. 16, 1874. The obsenTitory at 
Warmw by Pietro Aigner is said to be one of the finest in Europe; that at Armngli is 
, very good. A descriptive account of public and private observatories in England is given 
in the PirUtrial Handbook of London, 8vo,, London, 1851, published by J. Weale. 

(Lfit ) Anything that is blunt. 

OfiTusK-ANaLKD TwiANOLE. Omo wliich has an obtuse angle. 

OnriTSK Arch. See Duov Arch. 

jOnrr.sK Srction op a Coku. j^mong the ancient geometricians a name given to the 
hyperlx)la. 

OcTAooK. (Or. ’Oktw and Ffluita, angle.) A figure having eight equal side? and eight 
, equal angles. 

OcTAHRURON. (Or.) One of the five regular bodies bounded by eight equal and equi- 
lateral triangles. 

OcTASTYLK. (Gr. and Sti/Acj.) That species of temple or building having eight 
columns in front. See Coloxnaue. 

Odkum. (Or.) Among the Greeks, a species of theatre wherein the poets and musicians 
rehearsed their compositions previous to the public production of them. 

Oecus. See II all. 

Offices. .Tlio apartments wherein the domestics discharge the several duties attached to 
the service of a house ; as kitchens, pantries, brewhouses, and the like. 

Offset. The horizonUl projection from the faces of the different 
parts of a wall where it increases in thickness. 

OiiKF.. A moulding, the same as the Cyma beversa. 

Ogee Arch. A pointed arch, tlie side-< of which are oacbJbrmed 
with a double curve. (See Jig. 1429.) It frequently apj^ears in 
- the Decorated period of Gothic architecture, and occasionally in 
that of the Perpendicular ; chiefly in small ornamental work, 
as shrines and canopies ; its inflected curves weaken it too much 
• for supporting great weights. In some late work, this arch is 
also made to curve forward. 

OoivB. A term used by French architects to denote the Gothic 
arch, with its ribs and cross springers, &c. The word is used 
by them to denote the pointed arch. 

OiLLRTS,or Oylbtts. Snudl openings or egdd holes seen in medi- 
SBval military building through which missiles could be dis- 
charged witliont exposing the soldier. 

OiTK PAIS OF Stairs. An expressbr signifying the first story or floor above that flom 
level with, or raised only by S few steps, above the ground, which latter is thence called 
the ground ^r. 

OxTX Mauhlb. See Mabjblk. 
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Opjb. (Cfr* Ovff.) The bed$ of the beAme of a floor or roof oe in a Qredan temple, ilie 
space between which are called the Mbtupjk. 

Opim IfKwat StAiss. SeeNawat. 

OpBMXNO. (Sax.') That part of the walU of a buildiog which is unfilled, for admitting 
light, ingiess, egress, &c. See Apshturs. 

Opistbodokts. (G-r.) The same as the Boman posticunit being the enclosed space in 
the rear of the cell of a temple. 

Opposrra Akolbs. Those formed by two straight lines crossing each other, but not two 
adjacent angles. 

Opposite Cokes. Those to which a straight line can be applied on the surfaces of both 
cones. 

Opposite Sections. The sections made by a plane cutting two opposite cones. 

Optic Fykamid. In perspective, that formed by the optic rays to every point of an object. 

OpticBays. Those which diverge from tlie eye to every pai^t of an original object, 

OiiAKficRY. A gallery or building in a garden or parterre opposite to the south. See 
Greenhouse. The most magnificent orangery in Europe is that of Versailles, which 
is of the Tuscan order, and with wings. 

Oratory, (^t ) A small apartment in a house, furnished with a small altar, crucifix, 
for private devotion. The ancient oratories were small chapels attached to monas- 
in which the monks offered up their prayers. Towards the sixth and seventh 
the oratory was a small church, built frequently in a burial-fdace, without • 
HJHpaptistery or attached priest, the service being performed by one occasionally sent 
fortnat purpose by tho bishop. 

Orb. (Lat.'Orbis.) A knot or folia||Mf flowers placed at the intersection of the ribs of 
a Gothic ceiling or vault to concelPtM mitres of the ribs. See Boss. 

Orchestra, (Qr. Opxto/uai.) In ancient architecture, the place in the theatre where tho 
chorus danced. In modern theatres it is the enclosed part of a theatre, or of a music 
room, wherein the instrumental and vocal performers are seated. 

Order. (Lat.) In Grecian, Roman, and Italian architecture, an assemblage of parts* 
consisting of a base, shaft, capitjil, architrave, frieze, and cornice, whose several services 
requiring some distinction in strength, have been contrived in five several species— Tus- 
can, Doric, Ionic, Corinthian, and Composite ; each of these has its ornaments, as well 
as its general fabric* proportioned to its strength and use. These are the five orders -rf 
architecture, the proper understanding and application of which constitute the foundation 
of all excellence in the art. 

Ordinate. ^ In geometry and conics, a line drawn f»T>m any point of the circumference of 
an ellipsis or other conio section perpendicular to, and across the axis, to the other side. 

Ordonnancb. (Fr. from the Lat.) The perfect arrangement and composition of any ar- 
chitectural work. It applies to no particular class, but the term is general to all species 
in which there has exists anything like conventional law. 

Obqanical Description of a Curve, The method of describing one upon a plane by 
continued motion. 

Oriel, or Oriel 'Wini>ow. (Etym. uncertain.) A laige bay or recesaq/^phidow in a hajl, 
chapel, or other apartment. It ordinarily projects from the oujfl^ace of the wall 
either in a somi-^tafonal or diagonal plan, and is of varied kinds WlriBeB. In large 
halls its usual heignt is iroqi the floor to the ceiling internally, ai^ it riaos firom tho 
ground to the parapet on the outside ; sometimes it consists only of onetumaller window 
supported by corbels, or by masonry projecting gradually from the wall to the sill of 
the window. A bow window projects circularly, and was formerly calfi|j^ compass Om. 
embowed window ; whilst the projection of the oriel is made up of angles and straight 
lines forming generally tlie Tlulf of a heicagon, octagon, or decagon, and was better 
known by the name of ftny window ^ that window^ or outcast window t a dSatinetion, how- 
ever, not generally observed. 

Orientation. (Lat Oriens.) The deviation of a church from due east, it being supposed 
that the ohanoelpoints to that part of the east in which the sm^ rises on the day of the 
patron saint This point, however, has not been fully investigated. 

Original Line, Plane, or Point. In perspective, a Une, plan^ or point referred to the 
olject itself. 

Orlb. (Ital.) A fillet under the ovolo or quarter round of a capital. When the fillet is 
at t^e top or bottom of the shaft of a column it is called a cincture. Palladio uses the 
word orle to express the plinth of the bases of the^coluinns and pedestal. 

Ornaotnt. The smaller and detailed part of the woik, net essential to it> but lerTiiig to 
enrich it ; it is generally founded upon some imitation the works of nature. 

OoNApOTEX) English ABCUiTECTu|tB. That phase of archUnetttre in England 

which is generally called the Deuosatbd 2wrioo ; it was comprised ehiefiy in the reigns 
of the three first Edwards. 
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OantoaiuPHT. {Gh*. .QpBoSt right,ii&d Vpwf>»y I describe.) Th<^ el^vatwn of a buildiuftrficflr* 
ing all the parts in their proper proportions ; it is either exterpal or internaL Twsitafc 
is the representation of the external part or front of a building showing the fat^ol the 
principal wall, witli its apertures, roof of the building, projecti^s, decorations, and aU 
other matters as seen by the eye of the spectator, placed at an infinite distance front it. 
The second, commonly called the aeetion of a building, shows it as if the exterual wall 
were removed aud separated from it. . ^ ' 

In geometry, orthography is the art of representing the plan or side of any object^ and 
of the elevation alio of the principal parts : the art is so denominated from its 
' because it determines things by perpendicular riffkt lines falling on tne geometrical pwu^ 
or because all the horizontal Lines are straight and parallel, and not^ as iu perspoettve, 
oblique. * 

Obthosttlb. a columnar arrangement, the columns being placed in a straight line. 

OscT7i4ATwa OiBCUB. That, the i^us of whose curve, at any particular point of another 
CTirve, is of the same length as that of the curve in question at that particular points 
Hence it is the kissing circle, and that so closely that there is no difference in the cur*- 
vature of the two chrvos at that particular point. 

OuNDT, or Unoy JdouLDiNO. A moulding with a wavelike outline. See/^. 1383. 

Out and In Bond. A Scotch term for alternate header and stretcher in quoins, auA » 
^ window and door jambs. ^ ’ 

, .OuTHB Boobs. Those common to both the exterior and interior sides of a building. 

Outer Plate. See Inner Plate. 

Outline. The line which bounds the contour of any object \ 

Out of Winding. A term used by artificers to signify that the surface of a body is that 
of a perfect plane ; thus when two straight edges in every direction are in the same plane 
they are said to be out of winding. 

Out to Out. An expression used of any dimension when measured to the utmost bounds 
of a body or figure. 

Outward Angle. The external or salient angle of any figure 

Ova. (Lat) Ornaments in the shape of an egg, into which the echinus or ovolo is 
often carved. 

Oval, A geometrical figure, whose boundary is a curve line returning into itself ; it 
^ includes the ellipsis or mathematical oval, and all figures resembling it, though with 
different properties. 

Overhang, ^e Batter. 

OvERisTORY. The char- or cXeri-story of a building. 

Ovolo. (Ital.) A convex moulding whose lower extremity recedes from a perpendicular 
line drawn from the upper extremity. 

Oxidation. The corrosion of iron by the atmosphere. Paint is one of the best preserva- 
tives, renewed as necessary. Lime-whiting is another; and lately it has been urged 
to pickle the wrought iron in dilute sulphuric acid, so as to remove the scaly oxide 
before painting. 


P 

Pace A portion of a floor slightly raised above the general level : a dais. It is also 
applied to a landing in a staircase ; its prefix, halff qmrter, determines the size of it. 
See also Measure. 

Packing. Small stones imbedded in mortar, used to fill up the interstices between the 
larger stones in rubble work. 

Paddle. A snail sluice, similar to that whereby water is let into or oUt of a canal lock. 

Pagoda. A wne given to the tall pyramidal stmeturerof several stones, forming one of 
the peculiar leatures of Chinese architecture. It is said to be derived the Hindoo 
wqrd dagoha. 

Painted Glass. Glass painred with ornaments or pictorial reprefentations, and then put 
into a kiln and the paint burnt in. See Stained Glass, with which it is sometimes used 
in painted windows. 

Painter. An artificer who combines the knowledge of oolonrs and the application of them 
to decorative purposes. 

Painter’s Wore. The work of painting, with dififorent coats of oil colour and turpentine, 
the parts of a building usually so treated. 

Pair. As one-pair, two-pair, /kc., story. See Floor, and OnE-paib. 

Palacr. (Lat. Palatinm.) In ^^his couutiy, a name given to the dwelling of a king or 
queen, a prince, and a Hshoj^*^ On the Continent, k is a term in more general nsev 
almost all laii^ dwellings of the higher nobiii^ and government offioee beiug so 
denominated. A palace is properly an edifice denned not only for the residencS of the 
SpvereigB or prince, but for the reception also of persons who have the privilege ofpubUc 
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prlTftte It being impossible for the whole of tae parties to be present together^ 

there must be, besides the apartments which are occupied by the sorereign and his 
or her i^mily, ample room and accommodation for the attendants in waiting of every 
degree, and the consequent accessories. A palace should be disposed with porticoes, 
Testibules, galleries, halls of waiting suited to, evei;^ season, wherein those to be admitted 
may wait with convenience and comfort tiU timir turn of admission arrives. It is 
oviclent that, from the nature of such an edifice, much magnificence should be displayed 
' in it. The site on which a palace is to be seated must be open and free in every respect, 
so that a large expanse of gardens should be attached to it for the use of the public as 
well as the sovereign, in which respect the palaces of the Tuileries and Versailles are 
unparalleled. All should have a royal bearing, parsimony being inadmissible in works 
of this nature. 

The palaces of the Escurial, Versailles, and the Tuileries are, though extremely 
spacious and imposing, but ill-disposed and imperfect examples of a palace. Perhaps 
the most perfect in Europe is that at Caserta, near Naples, commenced in 1762, which 
is described by Milizia as follows : — “ The plan of this palace is a vast rectangle, 731 
feet long from east to west, 669 from north to south, and 1 06 feet in height. The interior 
is divided into four courts, 162 feet by 244. The depth of building that surrounds these 
courts, in which are the apartments, passages, &;c., is 80 feet, including the thickness of 
the walls, which are in some instances 15 feet. The two principal faqades have five 
stories besides that below the ground, and each contains thirty- seven windows. There 
are three entrances, one in the centre, and the others at equal distances between it and 
the extreme angles, where, as well as in the centre, the building breaks forward a little, 
is carried up to the height of 60 feet, and formed into pavilions by columns 42 feet high. 
Thus the whole height of the building is 102 feet from the foundation to the top of the 
pavilion, at the angles 162 feet, and in the centre 190 feet. The basement, which is 
rusticated, comprises the lower offices, the ground floor, and its mezzanine. Above is 
placed an Ionic order ef columns and pilasters, which contains the two ranges of state 
apartments; the lower windows are ornamented with pediments; in the frieze are 
introduced the windows of the upper mezzanine. The centre entrance leads to a superb 
portico, which traverses the building from north to south, and is sufficiently spacious 
to allow carriages to pass under from either faqade to the centre of the building, where 
is a large octangular vestibule, which unites the arms of the cross produced by dividfug 
the plan into four courts : two sides of the octagon are open to the portico, four to the 
four courts, one to the grand staircase, and the eighth is occupied by a statue of Hercules 
crowned by Virtue, 

** The grand stmrcase, which is on the right, is lighted by twenty-four windows, and 
decorated in a beautiful style. At the first landing it is divided into two flights ; the 
hundred steps of which it is composed are 18 feet long, and each of one piece of marble ; 
it is lighted also from the top by a double skylight. The upper vesti bule is also octangular, 
and surrounded by twenty-four columns of yellow marble 18 feet high. Four doors lead 
from thence to the apartments : the one opposite the landing to the chapel, that to the 
right to the apartments of the king, which comprehend the south-west angle of the build- 
ing, overlooking the sea and the plains of Naples and Capua. To the left are the apart- 
ments of the queen, occupying the north-west angle, the remainder of these floors being 
occupied by the princes. The chambers throughout are vaulted, and admirably arranged ; 
the apartments of the king and queen are separated by a gallery 188 feet long, 4^ wide, 
and 62 high. The palace contains a small elegant theatre, on a circular plan, divided 
into nine compartments, with four tiers of boxes. The chapel is rectangular in its plan, 
with the end terminated semicircularly, and decorated with isolated Corinthian columns 
on pedestals, with an entabhsture, in which the cornice is not omitted. The marbles and 
sculptures throughout are of the richest kind; the apartments generally well arranged 
. and distributed, of magnificent dimensions, and of various forms. The whole is a rare 
assemblage of vastness, regularity, symmetry, richness, ease, and elegance. The multi- 
plici^ of windows may certainly be a little at variance with propriety. 

“ But the most wonderful part of this ^rand work has not as yet been described. 
There are ran^^es of aqueducts of a great height, and of sufficient len^ to unite the two 
Tifati mQuotc|(^Ds near the Furche Caudine. The waters on the mountain are collected 
into a canal Tor the purpose of supplying these acqueduets, and conducted to various 
lakes and fountains of every description. To the embellielmieotB,*’ adds Milisia, *^of 
this royal residence are added a convenience and solidity that throw into shade aU that 
has been done ^ore or siDce.** The plans, &c. of this palace are givmi in Durand's 
ParafUle and aleo in the work by Vanvitelli, its architect. 

The palace Whitehall projected by Inigo Jones, end published in Kent’s Des^nsa 
(see **ip*^)f consisted of sin coi^;^ with greats^ beauties of compositiQO ; and 

had the"ni9we, oi which the ** banqueting-house ” is not the hnndremb peiti been 
carried to completion, it would have eclipakl the^ one gt Caserta, wht^ oonta^ the 
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Icsading, and, indead, govei^ning principles upon which the palace tot a sofereigii idionld 
be coDstrocted. ^ 

Many useful remarks on this subject will be obtained in perusing Brewer*a Descriptive 
and Htstarical JocotuU qfthe various Palaces and Public BuUdingSf Singlisk and Foreign^ 
4to., London, 1821. We regret that in this country no model of a palace can be offered 
for the student. Windsor Castle, with all its beauties, which consist^ however, more in 
site and scenery than in the disposition of a palace, is not to be commended ; St, James’s 
Palace is said to be planned with many advantages for holding courts, bat the exterior 
is far from what a palace should be. 

Paubstea. (Cr. IZoXaiw, I wrestle.) A part of the Grecian gymnasium, particularly 
appropriated to wrestling and other p^mnastic exercises ; it was sometimes used to 
denote the whole building. It contained baths which were open for the use of the 
public. According to the authority of Vitruvius no palaestra existed in Borne. 

Palb. a small point^ stake or piece of wood, used for making landmarks, and enclosures, 
placed vertically. 

Palk Pencino, or Palb Fence. That constructed with pales. 

Palisadb. a fence of pales or stakes driven into the ground, set up for an enclosure, or 
for the protection of property. 

Palladian School of AncuiTEcruRB. A manner of designing, taking its name from its 
introducer, the celebrated architect Andrea Palladio. It is a sort of medium between 
that vigorous severity which some exclusive minds abuse in the endeavour to imitate 
the Classic style, and the licentious anarchy of those who refuse to recognise rales, 
which rules allow of exceptions. In the conception and execution of the edifices by 
Palladio there is always a clear intuition, a simple method, a sufficiently perceptible 
accord between need and pleasure, and such harmony in this accord that it would be 
difficult to say which gave the law to the other* His manner offers to all countries a 
model easy of imitation. The talent of the author of it is doubtless the principle 
whence this facility emanates, but this facility of adapting Itself to everything and 
being adopted by all, is what distinguishes his talent and generalises its influence. In 
fact, it may be said with truth, that Palladio has become the most universally followed 
master in all Europe, and in some sort the chief of the modern school in civil build- 
ings. This school has been reproduced in England with the greatest success, as in the 
case of Inigo Jones and others. Quatrem&re de Quincy, A See also Gwilt’s 

criticism in Book I. 

Palm. A measure of length. Sec Mbasxjrb (Ancient), and Foot. 

Pamfbe. (Fr.) An ornament composed of vine leaves and bunches of grapes wherewith 
the hollow of the circumvolutions of twisted columns are sometimes decorated. 

Pan. a square of framing in half-timbered houses, the uprights being filled in with 
work. It is called post and pan, or post and petrail work, in the north of England. 

Pancabpi. (Gr.) Garlands and festoons of fruit, flowers, and leaves, for the ornament 
of altars, doors, vestibules, &c. 

Panb. a term applied to the side of any object, as a square, octagon, &c., which would 
be said to have four, eight, &c., sides. 

Panel. (From the low Latin panellum.) A board whose edges are inserted into tbo 
groove of a thicker surrounding frame, as in a door. 

A panel in masonry is one of the faces of a hewn stone. 

P 4 NIBB. (Fr.) An Upright corbsl fixed against a pilaster and under a beam to break 
the angle so formed. 

Paktambteb. a graduated bevel. 

Pantile. The curved tile used for roofing. 

PAirrooBAFH. An instmraent for copying, diminishing, or 'Enlarging drawings. 

Paver. A substance made by the maceration of linen ra^ in water and spreading them 
by liand or mariiinery into &in sheets ; on this the drawings of the arOhitect are nsnally 
made ; its usual 8 ize^ as made by Whatman, being 

Demy - -- -- -- -20 inches by 1 6 inches. 

Medium ------- - 22^ — 17^ — 

Boyal - - - - - - - 

Supei^royal - - - - - - -2/ — 

Imperial - - - - - - - -30 — 22 — 

Cofonibiej* -------84 — 23 — 

Atlas - - - - - “ -'-83 — ^^7 — 

Double Elephant - - • - - -40 — — 

AuUquarian - - - - -68 — '"81 — 

BxUa Antiquarian • - - *66— ^8 -r 

iimperar . • - - • •.-*-08 — 

Imperial 90 and 
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** Cartrkige ** is a stronger sort for working drawings. For rough a thin 

paper, the “ lining paper" of the paperhangers, is much used, and is^ obtained in a roll 
of twelve yards in length. Continuous cartoon paper is 8 ft. 4 in., 4 ft, and 5 ft. 
wide. Tinted papers can also be so obtained. For mapping or such work a strong 
continuous paper is made, and ready mounted on holland for extra strength. See 
Taaciico Paper. 

Fafrbhanoikos. The paper prepared, either plain or with a pattern printed upon it, for 
covering the walls ot rooms. The Tarieties are very numerous. The better sort are 
still printed from wood-blocks, but the inferior kind are printed by machinery. 

Papyrus Capital. A species of capital seen in some of the temples of Fl^t. See 
fig. 69. 

Parabola. (Gr. Ilapa, through, and BoXXm, I throw.) In geometoy, a curved line formed 
by the common intersection of a conic surface, and a plane cutting it parallel to another 
plane touching the conic surface. 

Parabolic Assymptotb. In geometry, a line continually approaching the curve, but 
which, though infinitely produced, will never meet it. 

Parabolic Curve. The curved boundary of a parabola, and terminating its area, except 
at the double ordinate. 

Parabolic Spinal, or Helicoid. A curve arising from the supposition of the axis of the 
common parabola bent into the periphery of a circle, the ordinates beiug portions of the 
radii next the circumference. 

Paraboloid. See Conoid. 

Parallel. (Gr. TlapaXKri\o5.) In geometry, a term applied to lines, surfaces, &c., that 
are in every part equidistant from each other. 

Parallel Coping, ^e Coping. 

Parallelogram. (Gr.) Any four-sided rectilineal figure, whose opposite sides are 
parallel. 

Parallblofiped. In geometry, one of the regular bodies or solids comprehended under 
six faces, each parallel to its opposite face, and all the faces parallelograms. 

Pabahbtbr. (Gr. Ilopa, through, and Mcrpai, L measure ) In conic sections a constant 
line in each of the three sections, called also lattis rectum. 

Parapet. (ItaL Parapetto, breast high.) A small uall of any material for protection on 
the sides of bridges, quays, or high buildings. 

Pabascbnium. Another name for the postsoenium in the ancient theatre. 

Parastatje. See Ant.s. 

Pabolosb. The screen which separates chapels (especially at the east end of the 
aisles) from the body of the church. They are usually of wood, but are also sometimes 
of stone. 


Parget. A name given to the rough plaster used for lining chuj^y floes, and formed of 
lime and cow’s dung. 

Paboe Work; Pargetting. A particular sort of plaster patterns and 

ornaments raised upon it or indented ; much used in interior mtUmouB, and often on 
the exterior of half-timber houses, during the Elizabethan perioHw 

Parker’s Cement, also called Homan Cement in 1796. It is manofactnred princi- 
pally from nodules found in the Isle of Sheppey and at HarwM|||^in|; eeptaria 
from the London clay. When burnt, it is ground into powii^^Pd maed with 
sand, and water being applied to it, it sets fast and very hajd, impervious to 

water. 

Parlour. (Fr.) A room for conversation, which in the old mouastenes joined the 
buttery and pant^ at the lower end of the halL At the present day it is used to 
denote the room in a house Where visitors are commonly received, and often serves as 
a dining-room. 

Parados. (Gr.) The grand entrance of the scene of an ancient theatre that conducted 
on to the sta^ and orchestra. 

Parpbtn. See Pbbpeyn-Wall. 


ving patterns and 
ions, and often on 


Parquetry. Inlaid work, made of thin plates or veneers of hard coloured woods, and 
secured to a framing of deal, well-dried and seasoned, to form the flooring of an apart- 
mint They are arranged in patterns. Of late years solid, and thick, parouet^ has 
been introduced. The floor may be left plain, but is m<»e fi^uently poli^e^ 1%ere 
is also a thin substance, about fths of ao inch thick, which is seon^ to the old floor 
by a patent cement, or by brads. The old method of covering a floor l^a carpet, which 
coUeots the dust and covers the fhmitnre with it when airapt, is now abambmed in 
man^ houses, and pa/rqwtry subsdtuted, with mgs, or square carpets, or Indian 
flatting, so as to be easily removable for deaaring. A ** p^uetry Mder” has also 
iHken the^ilace of the oommon, but useful, stsrasd ana varnished border^ axonod 
a square carpet See M^dwtet. 

pAEsmikam Houn. A building, nsnally nsar the chureii, occupied by the ineumbcst of 
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the living ; in former times this sort of building was often embattled and fortified, and 
bad various appendages, including sometimes a imaU chapel or oratory. 

Pabting Bsad. The beaded slip inserted at the centre of the pulley style of a sash 
window, to keep the two sashes in their places when ^ine raised or lowered. 

Paetition. (Lat.) A wall of stone, brick, or timber, dividing one room from another 
When a paititiou has no support from below, k should not be suffered to bear on the 
flwr with any considerable weight, and in such cases it should have a truss formed 
within it, in which case it ia called a trussed partition. See Tauss. 

Pabty Wall. Such as is formed between buildings to separate them from each other 
and prevent the spreading of fire. Every wall used or built in order to be used as a 
separation of any building from any other building, with a view to the same being 
occupied by different persons. The regulations prescribed for them form a large 

, portion of the Metropolilan Buildings Act, and of local Acts passed for similar 
purjKJses. 

Pasty Fence Wall. A wall separating tlie open ground in one occupation from that in 
another ; ejich owner having a right up to the centre of such wall. 

Party Structure. This term includes party walls, and also partitions, arches, floors, 
and other structures separating buildings, stories, or rooms wnieh belong to different 
owners, or which are approached by distinct staircases or separate entrances from 
without. 

Pauvisb. a porch, portico, or large entrance to a church. It seems also to have 
signified a room over the church porch, where schools used to be held. 

Pabtisb Tusrbt. The small tower which encloses the staircase to the parvise. 

Passage. The avenue leading to the various divisions and apartments of a building. 
When there is only one series of rooms in breadth, the passage must run along one 
side, of the building, and may be lighted by apertures through the exterior walls. II 
there be more than one room in breadth, it must run in the middle, and be lighted from 
above or at one or both ends. 

Patera. (Lat.) A vessel used in the Roman sacrifices, wherein the blood of the victims 
was received. It was genordlly shallow, fiat, and circular. Its representation has been 
introduced as an ornament in frioees and fascine, accompanied with festoons of flowers 
or husks, and other accessories. 

Paternosters. A species of ornament in tho shape of beads, either round or oval, used 
in baguettes, astragals, &c. 

Paveubnt. (Lat. Pavimentum.) A path or road laid or beaten in with stones or other 
materials. According to the information of Isidorus, the first people who paved their 
streets with stones were the Carthaginians. Appius Claudius, the founder of the 
Appian Way, appears to have introduced the practice into Rome, after which the 
Roman roads were universally paved, remains of them having been found in every part 
of the empire. 

In the interior of the Roman houses, the pavement was often laid upon timber 
framing ; and the assemblages so constructed wore called eontignata pavimenta. The 
pavement called coassatio was made of oaken planks of the quercus asoulus^ which was 
least liable to warp. The Roman pavements were also frequently of mosaic work, that 
is, of square pieces of terra cotta or stone, called tesserse, in various patterns and figures, 
many of which remain in Britain to the present day. 

The various sorts of paving areas follows; — 1. Pebble paving^ of stones collected 
from the sea-beach, mostly obtained from Guernsey or Jersey, This is very durable if 
well laid. The stones vary in size, but those from six to nine inches deep are the 
best, those of three inches in depth are colled holders or howlers, and are need for paving 
courtyards aud those places wherever heavy weights do not pass. 2. Bag paving i in- 
fenor to the lost, and usually from the vicinity of Maidstone, in Kent, whence it beari 
the name of Kentish rag-stone. It is sometimes squared, and then used for paviiq 
coach tracks and footways. 3. Purbeck pUohers, which are squared stones, used in foot 
ways, brought from the island of Purbeck. They are useful in courtyard ; the piecei 
runuing about five inches thick, and from six to ten inches square. 4. Squared paving, 
by some called Sootoh paving, of a cle.ur dose stone, called Hue wynn. Tins is now, 
however, quite out of use. 6, Chromite, of the material which its name imporiSC fl. 
Guernsey paving, which, for street work, is the best in use. It is broken with iroa 
hammers, and squared to any required dimensions, of apHsmoidal figure, with a smaller 
base downwards. It is commonly bedded in small gravel. Puiieek paving, aaad for 
footways, of which the blue sort is the best, is obtained in pretty large Surfaces, of about 

, two inehM and a half thick. 8 . Yorkshire paving : a very good material, and prpcuxH 
able of very large dimensions. 9. Byegaie, exfire-etom paving, used fbr hearths, 
ovens, and other plaoM subject to great heat, hy which this stone, if kept dry, is wot 
af&et^ 10. Newcastle flags, useful for the paving of oAces. They run i^bput one and 
a half to two iaches thick, and about two feetsqflare, apd consalexablerec^bhuics 
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to the Yorkshire. 11. Portland paving may be had from the island of Porthmd, of 
almost any required dimensions. The squares are sometimes ornamented by cutting 
away their angles, and inserting small black marble squares, set diagonally. 12. 
Sweedland paving', a black slate, dog in Leicestershire, us^ul for paring halls or for 
particoloured paving. 13. Marble paving^ of as many sorts almost ns there are 
species of marble. It is sometimes inlaid a^er the manner of mosaic work. 14. 
brick paving, executed with bricks laid flat in sand, mortar, or grout, when liquid 
lime is poured into the joints. 16. Briok-on--edge paving^ executed in the manner of 
the last, except that the bricks are laid on edge. 16. Herring^ne paving : bricks 
laid diagonally to each other. See HEBaiNO-BONB Wobk. 17. Bricki laid ^wUe in 
sand, mortar, or grout. 18. Paving bricks are made eroecially for the purpose, and 
are better than stocks. 19. Ten-inch Hk paving. 20. toot i^e paving, 21. Clinker 
paving, 22. Diamond tile paving. 23. Coloured and tessellated or mosaic pave^ 
ments, now form a large trade. 

The pavements of churches are often in patterns of several colours, of which, to show 
the great variety that may be obtained from a few colours, M. Tracbet (MSm. Acad. 
Fran.) has proved that two square stones, divided diagonally into two colours, may be 
joined together chequerwise in sixty-four different ways. 

Pavilion, (Ital. Padiglione.) A turret or small building, generally insulated and com- 
prised under a single roof. The term is also applied to the projecting parts in the front 
of a building. They are usually higher than the rest of the building. 

Pavilion Root. A roof sloping or hipped equally on all sides. 

Pa VINO Slabs. Experiments made by G-eorge Bennie upon slabs 1 2 inches long, 2^ inches 
wide, and 1 inch thick, laid flat on bearings 10 inches apart, the weight being sus- 
pended from the middle of each, gave the following results ; 

. cwfcs. qrs. Ibe. 

I. Green Moor and Yorkshire Blue Stone sustained - - 2 8 27 

II. Ditto ditto White Stone - - - 3 0 23 

III. Caithness (Scotch) Stone - - - • - - 7217 

IV. Valentia (Irish) Stone - 788 

V. Bangor Slate (Welsh) • - - - - -1701 2 

Buchanan tried specimens of stones, the weights being piled on 

Breaking Weight* 
Ibfl. 

Hailes, *1 f 794 

Craigleith, y 8 feet long, 9 inches broad, and 3 inches deep - -<1,148 

Arbroath, J Ll»848 

Caithness 3 8} „ H n - - 8,291 

(a very hard specimen.) 

pBCKY. Timber in which the first symptoms of decay appear. An American term. 

Pbdestal. (Compound, apparently, of IIous, a foot, and SrvXos, a column.) The lowest 
division in an order of columns, called also in Greek, stylobate and stereobaie. It coz^ 
sists of three principal parts: the die, the cornice, and the base. 

Pkdimbnt. The triangular crowning part of a portico, which terminates vertically the 



Sig.1480. 3^emple at Eglaa. 


sloping parti of the roof* See Tkxplb. It Is sometimes placed over an opening as part 
of the decoration of the dressings ; it should never be used under cover* In Gfothio 
architecture this triangular piece is much higher in proportion to its width, and is 
denominated a Gablh* The illustration {fy. 1430) exhibits the centre portixm of the 
sculpture in the mMiimeot of the temple at %ina, which Isamong the earliest sgauute 
of Oreeiaa art See fig. 1487# which shows tSe ^vatton of the tem^ 


GLOSSARY. 


nu 


Rjbdimbnt Arch. Seo Mmus Abch. 

pRLAsoio Buildiko. Walls of cities and houses formed of huge stones soarcety mors 
than piled together, without the connecting medium of mortar or cement. It is also 
called Cyclopean building. 

Pellet MouLomo. A flat band on which are cir- 
cular flat disks forming an ornament, used in Nor- 
man architecture. See 1431. 

Pendent. ^Lat.) An ornament suspended from 
the summit of Gothic vaulting, very often elabo- 
rately decorated. The mode in which stone 
pendents are constructed will be immediately 
understood by a consideration of the annexed figure (Jiff, 1482). The pendent was also 
used very frequently to timber-framed roofs, as in that of 
Crosby Hall, which has a series of pendents alonff the centre 
of it. Pendents are also attached to the ends of tne hammer 
beams in Gothic timber roofs. 

Pendentivb. The entire body of a vault suspended out of the 
perpendicular of the walls, and bearing against the arch 
boutants, or supporters. It i« defined by Baviler to be the 
portion of a vault between the arches of a dome, commonly 
enriched with sculpture. Felibien defines it as the plane of 
the vault contained between the double arches, the forming Fig. 1482. 

arches, and the ogives. 

Pendentivb Bracketing, or Cave Bracketing. That springing from the rectangular 
walls of an apartment upwards to the ceiling, and forming the horizontal part of tho 
coiling into a circle or ellipsis. 

Pendentivb Cradling. The timber work for sustaining the latli and plaster in vaulted 
ceilings. 

Penetralb. (Lat.) The most sacred part of the temple, which generally contained an 
altar to Jupiter Hercseue, which appellation, according to Festus, was derived from 
ipnoSi an enclosure, and supposed him the protector of its sanctity. 

Penetralia. (Lat.) Small cnapels dedicated to the Penates, in the innermost part of tho 
Eoman houses. In these it was the custom to deposit what the family considered most 
valuable. 

PuNiTENTiARY. In mouastic establishments was a small square building, in which a 
penitent confined himself. The term was also applied to that part of a church to which 
penitents were admitted during divine service. The word, as used in the present 
time, implies a place for the reception of criminals whose crimes are not so heinous ts 
to deserve punishment beyond that of solitary confinement and hartl labour, and where 
means are used to reclaim as much as possible those who have become subject to the 
laws by transgressing them. 

Penstock. A small paddle, working up and down vertically in a grooved frame, for pen- 
ning back water. 

Fentaclb. a figure whose basis is a double triangle ; it is not uufrequent in early orna- 
mental art. 

Pbntadobon. (Gr.) A species of brick used in ancient architecture, which was five palms long. 

Pentagon. (Gr. n*vT«, five, and reuwes, an angle.) In geometry, a figure of five sides 
and five angles. When the five sides are equal, the angles are so too, and the figure is 
called a regular pentagon. 

Pentagbafh. See Pantograph. 

Pbntalpua. a figure formed by a continuous line, making a five-pointed star, not un- 
frequent in mediaeval decoration and window tracery. 1293. 

PsNTAsraJi. A portico or colonnade having five columns in front, 

Pbnt-housb. a shed having a lean-to roof. 

Peppxbcobn Bent. A rent for land, being one of the smallest possible value. A rose 
is sometimes named ; also a flag or banner. A farm in St. SavionFs, Southwark, was 
let at the price (uf 17 lbs. of pepper at 2s. per pound. Also an sere of land at Lambeth 
** fl>r 2s. for the price of one pound of ^p^ by the year beyond all rents resolute.” 

Pbboh. a measure for brickwork used in Ireland in place of the Bon in England. It 
is 21 feet in length, by 1 foot high, and 1 foot thick. It equals 16} cube feet. One 
thousand bridks, a quarter cart sand, and one and a quarter boghead of lime» will 
serve for four and a half perchee. It is also thereuted mr masonry, as well as in some 
counties in England. 

Fbeiacti. (Or. ^ revolve.) The revolving scenes in an ancient theatre, called 

by the Bomaus seenm viriotiUs, 

'BsmBOLxn. (Gr.) The wall bounding an enclosure. It has become applied to tha 
enclosure itself, more particiflqrljr around a temple. It was frequently ornamentec 




Fig. 1481. 
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v\th statwes, altars, and monuments, and sometimes had smaller teraplas or a grove* 

The^'peribolus of the temple of Jupiter Olympius, at Athens, was four stadia in cir' 

cumference, 

PuaiUROME. (Or. Ilep/, about, Apo/ios, a course.) The space, in ancient architecture, 
between the columns of a temple and the walls enclosing the c^l, 

PBRiMKThn. (Or.) The boundary of a figure. 

Pkriphbhy. (Gr. n«pi^cw, I surround.) The circumference of a circle, ellipsis, para- 
bola, or other regular curvilinear figure. 

Preipteual. (Gr.) A building encompassed by columns. See Temple. 

Pbriptkuy. (Gr.) The range of insulated columns round the cell of a temple. 

Peristylium. (Gr.) 1r Greek and Roman buildings, a court, square or cloister, which 
soraotimes bad a colonnade on three sides only, and therefore in that case improperly 
BO cjilled. Some peristylia had a colonnade on each of the four sides ; that on the 
south being sometimes higher than the rest, in which case it was called a Rhodian 
•peristylium. The rarge of columns itself was called the peristyle. See Colonnade. 

pEEiTHYRiDEs. The Same as Akoonbs. 

Pbeitrochium. (Gr.) A term in mechanics applied to a wheel or circle concentric with 
the base of a cylinder, and together with it moveable about an axis. 

pKRPEN Ashlar. A provincial term, being probably a corruption of perpendicular, as 
the stone in the form of 4, 6, 8, or 10 inches thick, in 10, 12, or 14 inch courses, and 
from 30 inches to 64 inches long, is placed on edge, and must of course be set very 
plumb or perpendicular; the edge or bed also must be truly square with the upright face. 

Feupendiculae. In geometry, a term applied to a right line falling directly on another 
line, so as to make equal angles 
on each side, called also a normal 
line. The same definition will 
hold of planes standing the one 
on the ^her. A perpendicular 
to a curve is a right line cutting 
the curve in a point where another 
right line to which it is perpen- 
dicular makes a tangent with the 
curve. 

pKEPKNDicuLAE Pbeiod. The last 
period into which the Gothic style 
ill England has been divided. 

Its name is derived from the pre- 
dominance of vertical or recti- 
linear lines. Fig. 1433 is a fine 
example of the style. 

Perpend Stone, or Pebphndbb. 

A long stone reaching through 
the thickness of the wall, so as 
to be visible on both sides, and 
therefore wrought and smoothed 
at the ends. 

Pkrpryn wall, a kind of pier or 
buttress projecting from a wall. 

Pkbuon. (Fr.) A staircase, lying 
open or outside the building; 
or more properly the steps in the 
front of a building which lead 
into the first story, when it is 
raised a little above the level of 
the ground. 

Persian or Pkrshpolitan Aechi- 
tbctdre. The ancient style presents many features similar to the Assyrian remains ; 
they are chiefly seen at the ruins at Persepolis. The modem buildings much resemble 
those of other Mahommedan countries. 

Persians. See Atlantes. 

Perspective. (Lat. Perspicio.) The science which teaches the art of representing objects 
on a definite surfaoe. so as from a certain position to affect the eye in the same manner as 
would the objects themselves. See Bird’s-eye I^bspbctivb ; Isombtbioal Pbojbction. 

Pest House. A lazaretto or infirmary where persons, goods, infected with the plagua 
or other contagious disease, or suspected so to be, are lod^ to prevent commumof^Sos 
with others, and the consequent spread of the contagion. 

Peolvan. See JEfiABNinR stone. 



Fig. 14d8. WnngloQ Ohuroh, Somtneteliire. 


^JLOSSABY. . 133 ^ 

B«forination in En^aTd!”***^ ehnrch. Ptws were in u«e long before the 


Phonics. The doctrine of sounds, which has not yet been so reduced in its application to 
architecture as to justify more than its definition. See Acoustics. 

Photo-Lithography. A process of reproducing line engravings and drawings, either 
copied, enlarged, or reduced, not exceeding one-sixth, and in some cases one-tenth, of the 
expense liy other processes. 

PiioTOMBTBR. (Gr.) An instrument for measuring the different intensities of light. 

Piazza. (Ital.) A square open space surrounded by buildings. The term is very 
frequently and very ignorantly used to denote a walk under an arcade. 

Picture Gallery. A room or rooms for the exhibition of pictures, drawings, and en- 
gravings, and designed to suit either the wealth of the mition or the means ot a private 


person. 

The arrangement of the collection has to he first decided by the proprietor or 
curator of the gallery. Thus : Whether in one or more rooma— Miscellaneously — 
Grouped according to the class of objects — Divided according to the different schools 
of painting— The hirgest size of any picture to enter the collection — The admission of 
water-colour pictures, chalk drawings, and of prints — The arrangements as to the 
admission of the public — The amount and nature of accommodation for students, and 
any other rooms required for the keeper, for the cleaner, packing, and other similar 
occupations. The miscellaneous arrangement of a collection is certainly the most 
common, as well as the most gratifying to the public. The amateur and artist would 
prefer the division of pictures by schools, which obtains on the Continent, particularly 
in Germany. The Munich Gallery affords information as to the proportion of space 
which was allotted to each of the groups into which the collection is divided. 

In the Pinaootbeca at Munich the paintings are grouped according to schools, perhaps 
more perfectly effected than at Berlin, and a corridor runs the whole length, 420 feet, 
of the building. The large pictures are placed in very large rooms, 42 ft. wide und 
31 feet 6 inches high to the cornice. Some of the large rooms are 93 feet long. The 
smaller pictures are placed in lesser rooms, formed on the other side of the larger ones, 
and with a side light from the north, which is admitted to be the best light for all 
pictures and for painting-rooms. The museum and picture gallery at Berlin, by Herr 
Schinkel, is formed on three sides of a central vestibule; all the rooms are 89 feet 
9 ins. wide and 26 feet high, with a flat ceiling, and the light throughout is admitted by 
common windows down to the dado on the side. Screens about 16 feet high by 20 feet 
long divide the galleries into rooms about 30 feet by 18 feet, for grouping the paintings. 

The number of lineal feet of wall in the great picture galleries is as follows: — 
Munich, 1600; Louvre, 1300 ; Berlin, 1116 ; London (on the principal floor), 670, but 
of late years increased to more than double that quantity ; and Dresden, which as 
much exceeds the extent of Munich or of Berlin as did these th it of London. 

It has been urged by the Messre. Papworth, in their work on Mvseume, Librariee^ 
and Picture Gallertee, 8vo. London, 1853, that a skylight to a room, with divisions or 
presses projecting from the wall, is the most economical mode of arranging a building 
to receive an unformed collection of works of art. Thty also direct the picture gallery 
to be on the first floor ; the ground floor being devoted to objects of art, not in relief. 

Galleries for oil paintings, large or of a m^erate size, must be lighted above. 
But when they ore of the small cabinet size, a side light, being a suitable side light, 
is well adapted to their display. In the first case, the lights were formerly placed 
in square or polygonal tambours, whose sashes were vertical or slightly inclined inwards, 
their forms lollowing the plan of tbe rooms ; as at the Dulwich Gallery, by Sir John 
Soane, E.A. Of late years, for laige rooms, a long skylight having obscur^ glass iu 
it has been preferred, with a coved ceiling under to prevent shaidows falling on tha 
pictures. is occasionally bidden by a flat skylight having ground or obscured 

glass, the upper skylight having clear glass, but tbe necessary framework causes some 
shadows.. It will be in the memory of many how miserably lighted, for exhibiting 
tbe piettnes, is the long gallenr of the Louvre at Paris, which of late years has bad 
some dormer windows formed to admit more light. The walls should be boaj%led 
throughout for facility in hanging the pictures. Many galleries fail of success from 
being over^hebted. A roof all glass would be as bad for the pictures as open air. 
The glare of u^bt, as it is termed, would be too great. 

The Fitewillmm Museum at Cambridge, a library, picture, and statue gallery, affords 
an example of the mode of %htlng for pictures, as also the effect <n scu^tnre as 
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seen hy a low side H^ht obtained from one side only. This is also to be found at the 
galleries in Dublin ; in both cases not with the happiest results. 

Professor Magnus, of Berlin, proposed a gallery for small paintings, to be lighted 
by windows on both sides, and not opposite one another, reaching nearly to the 
ceiling, and about 5 feet from the floor, each about a fourth of the breadth of the 

• . room. Between these were to be placed screens at an angle of 62 degrees with the 
wall. As the pictures required to be removed 5 or 6 feet {W>m the wall, the useless 
space served for doorways from one compartment to another^ The professor popped 
a circular building for such an arrangement, perhaps somewhat similar to that described 
under Museums, but where the inner space was formed by a double circular staircase, 
to lead to several stories, and where the upper room might have the advantage of a 
skylight. 

A principle of lighting a picture gallery, namely, that the window or source of light 
by which a picture is seen, and the picture itself, ought not both to come within the 
range of vision at the same time, was exemplified in the gallery built cir. 1826 by Sir 
Benjamin West. P.R.A., expressly for the purpose of exhibiting his paintings. Another 
on the same principle was designed at Clapham, by the bite Mr. J. B. Papworih, and 
with an equally successful result. It consists in forming a side light opposite to the 
picture wall and above the ceiling; thus all the light is thrown upon the painting, and 
the source of the light is quite invisible to the spectator. This system is perhaps better 
adapted for a private than for a public gallery, on account of the difficulty attending 
the construction of the roof. 

The peculiar arrangements of the small picture gallery in Sir John Soane’s mueeum 
should be seen and studied. The grand gallery at the National Gallery, by the 
late Sir James Pennethorne (a perspective view of which is given in the Builder for 
1861); the new galleries for the same national structure, erected 1875-76, from the 
designs of E. M. Barry, R.A., with the new entrance and suite of galleries beyond, 
erected 1886-87, from the designs of John Taylor, principal surveyor of H.M. Works 
and Public Buildings ; the Art courts and the picture galleries at the South Kensington 
Museum ; the picture galleries erected for the Exhibition of Industry, 1862 ; the exhi- 
bition rooms of the Royal Academy at Burlington House, may all be referred to for the 
latest improvements. 

Piece- woEK. and paid for by measure of quantity, i.e. so much for the piece 

or job ; in conWmisti notion to work done and paid for by the measure of time, i.e, by 
day work. 

PiRDBoiT. ^ (Fr.) A pier or small pillar, partly hid within a wall. It differs from a 
pilaster in haying neither base nor capital. 

PiKND. An arris; a salient angle; a hip. It is a northern appellation. 

PiKND Check. The rebate formed on the piend or angle at the bottom of the riser of a 
stone step of a stair, to catch upon the angle formed at the top of the under step. 

Pike. (Fr.) A solid betw’een the doors or windows of a building. The square or other 
formed mass or post to which a gate is hung. Also the solid support from which an 
arch springs. In a bridge, the pier next the shore is usually called an abutment pier. 

Pike Aech. An arch springing from a pier, as large shafts are usually termed in 
medieeval architecture. See fys. 1417 to 1427. 

Fibbced Stone, Tolmbh or holed stoee. One of the consecrated stones of the Celtic people 

Pilaster. (Fr.) A sort of square column, sometimes insulated, but more commonly en- 
gaged in a wall, and pwjecting only a fourth or fifth of its thickness. See Anta. 

Pile. (Lat.) A laijge timber driven into the earth, upon whose head is laid the founda- 
tion of a building in marshy and lo )se soils. Amsterdam and sqpue other cities are 
built wholly upon piles. The stoppage of Dagenham Breach was Affected by piles 
mortised into one another by dovetail joints. They are best and most firmly driven by 
repeated strokes ; and for the saving of time, a pile engine is generally uslUdn appear- 
ance and effect very much like a guillotine ; this raises the hammer to a osmin height, 
which, pressing the clasps or monkey that carry it up, suddenly drops down on the pile 
to be driven. * 

PiLj^E. (Fr. Pilier.) A wlumn of irregular form, always disengaged, and always de- 
viating from the proportion of the orders, whence the distinction between a column 
and a pillar. In any other sense it is improperly used. 

Piw. In carpentry, a cylindrical piece of wcmd driven to connect pieces of fnaaiiig together. 
It is also called a trenail, 

PiNAOOTHBCA. (Gr.) An edifice for the preservation of pictures. A picture gallery. 

I’lNKAOLB. (liow lAt. Pinnaculum.) A summit or apex. In medieeval architecture, the 
crown of a buttress or vertical abutment, more or less ornanseiital, termiiiating in a 
cone or pyramid. It was intended to assure the stability of a vertical abutment by its 
weight; It amets the sliding of the coping stonee of gables; it serves as an attaeh- 
ttient to the bfUustrade ; and also, by a weU-eompeoed outline, it* helps to give to Imild* 
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ings a particular elagauee.. Pinnacles should hare a bold vtA aapiriog oailin6« and 
should receive the parapets and copings against their plinths (as^. not^ as 

often done, against their shafts. 6ood examples are to be seen at St. Kicbolos, Great 
Yarmouth ; Magdalen Oollege, Oxford ; and St, Sepulchre’s, London. A Hup xlkob to 
a gable is a sort of pinnacle. 

PiNNBT. Also culled “green beds” of the Chilmark quarry; they are situate helour the 
trough beds. They are small but very durable. 

PiNNiNQ OP. In underpining, the driving the wedges under the upper work so as to 
bring it fully to bear upon the work below. The terra pinning is used to denote the 
fastening of tiles with pins of iron or of heart of oak in roofs. 

PiPK. A conveyance for water or soil from any part of a building, usually of lead or iron. 
When fop the supply of water to a building it is called a service pipe ; when for carrying 
off water, a umste pipe \ and when for carrying off soil, a eoil ptpei and those which 
carry away tho ram from a building are called raiit^ater pipes. When a cistern or 
reservoir is supplied in such a way that those who labour to fill it should be 
aware that it is full, the pipe which dif charges the overflow is called a warning pipe. 
Also for the conveyance of gas, when it is usually of iron, or of a softish white metaL 
called composition. A pipe through which the voice is sent to communicate with 
distant apartment, is call^ a “ speaking tube.” 

Pipe. The following rule has been given to ascertain the strength requisite to be given to 
a pipe of the metals named. Let (fs internal diameter; thickness of metal both in 
inches; A « head of water in feet required to burst the pipe; <?« constant, wrought iron, 

200 ; cast iron, 73 ; copper, 87 ; brass, 83 ; and l^d 10. Then c^^h\ and — « In 

» c 

practice, the thickness of cast-iron water pipes is taken as = | ^diameter, Hurst, Sur- 
veyors' Hand Book. 

Piscina. (Lat.) Among the Romans this term was applied to a fish-pond ; to a shallow 
reservoir for practising swimming ; and to a place for watering horses and washing 
clothes. The piscina in ecclesiastical architecture was a shallow bowl for water, 
generally in a niche in the south wall of the chancel, wherein the priest laved his hands 
before the performance of the sacred rites, and for rinsing the chalice at the time of 
the celebration of the mass. A hole at the bottom allowed for the escape of the water, 
so as not to be reused. The variety of their form is great ; some are quite plain, others 
very richly decorated ; and they often occur in pairs. 

Pisi. A species of walling, of latter years used in the south of France, made of stiff 
earth or clay rammed in between moulds as it is carried up. This method of walling 
was, however, in very early use. {Plin. lib. xxxiv. chap. 14.) 

Pit. a place fiom whence chalk, gravel, and such like are obtained. See Quarry. 

Pit op a Theatre. Formerly the part on the ground-floor between the lower range of 
boxes and the stage ; but it is now much reduced for the stalls and reserved pit seats. 

Pitch. See Tab, 

Pitch. A term generally applied to tho vertical angles formed by the inclined sides of a 
roof. Roofing, 

Pitch op an Arch. Tho versed sine, or height from the springing line up to the under- 
side of it. 

Pitching Piebcb. See Apron Piece, which is at the bottom, as the pitching piece is at 
the top, of a flight of steps, to cariy the rough strings. 

Pivot. ^Fr.) The sharpened point upon which a wheel whose axis is perpendicular or 
inclined performs its revolutions. 

Place Brices. The commonest sort of bricks, being those near the outside of the clamp 
and therefore not much burnt. 

Plafond or Platfond. (Fr.) The ceiling of a room, whether flat or arched ; also the 
imderside of the projection of the larmier of the cornice ; generally any sofite. 

Plain or Plane Angle. One contained under two lines and surfaces, so called to dis- 
tinguish it from a solid Angle. 

Plain Tiles, properly Planb Tiles. Those whose sarfitees ore planes. Th^ anmsed 
for zoefliiff pmoees ; flotmia^ coping tiles in cement fiats, etc. Bee WmaiiBB-maio. 

Flak. (FrI) Tm x<(^Meentation of the harumtsl saetion of a bnildiBg* showing its 
. dis^bntk^ the form and extent of its jariioiis ports. In the plans mode by the archi- 
tect, it is enstomaiy to distin^ish the massive parts, such as walls, by a dark colour, 
so as to separate them from the voids or open spaces. In a gecmeitkal pian^ which is 
that above mentioned, the parts are represented in their natural proportions. A per- 
•speciive plan is drawn according to the rules of perspective. 

pLAHOEEJi, The same as the si^te or nnder-surff^ d the corona; the word iS| however, 
veiy often used generally to mean any sofite. See Plaidne. 

Plane. (Lat. Pluus.) A tool used by artificers that work in wood for the furpoie of 
producing thereon a fiai even snifiiis. There are various torts of planes. 
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PiJLKE. In geometry, a aurfaco that comcidea in every direction 'with a fetraight line, 
Plamh, onoiisTaiCAi.. In perspective, a plane parallel to tlie horizon, whereon the object 
to be delineated is supposed to be placed. It is usually at right angles with the per- 
spective plane. . 

Plans, horizontal. I n perspective, a plane passing through the spectator's eye, parallel to 
the horizon, and cutting the perspective plane in a straight line, called the horizontal line. 
Plans, inclined. One that makes an oblique angle with a horizontal plane. 

Plans, objSctive. Any plane, face, or side of an original object to be delineated on the 
perspective plane. 

Pi.ANE, PKRSPKCTIVE. That jnterposcd between the original objects and the eye of the 
spectator, and whereon the objects are to be delineated. 

Plane Trigonomktey. That branch of mathematics whose object is the investigation 
and calculation of the sides and angles of plane triangles. It is of the greatest impor- 
tance to the architect. 

Planimetry. That branch of geometry which treats of lines and surfaces only, without 
. reference to their height or depth. 

PiJkNK. (Fr.) A name given generally to all timber, except fir, which is less than four 
, indies thick and thicker than one inch and a half. See Board. 


Plank Roof. A roof, tlio trussea of which are formed principally of planks cut to a 
curved shape, as in de Lorme's system; or bent to the shape required, as in Emy’s 
system. 

Planted. When a moulding is wrought on a separate piece of stuff, and is fastened in 
its place, as around a panel, it is said to be planted (on the stuff). 

Plaster. Lime properly prepared for the plasterer. 

Plasterers' Work. The laying of ceilings; the finishing to walls to give a fair face ; 
the making and fixing of ornamental work ; and cementing to walls 

.Plaster op Paris. A preparation of gypsum, originally procured in the vicinity of Mont 
Martre, near Paris. The plaster stone, or alabaster, is, however, found in many parts of 
England, as at Chelaston near Derby, and Beacon Bill near Newark. The former pits 
yield about 800 tons a year. It is ground and frequently used for manure, or rather as 
a stimulant for grass. It is calcined into the plaster used by the modeller, plasterer, 
&c. When diluted with water into a thin paste, plaster of Paris sets rabidly, and at 
tile instant of setting, its bulk is increased. Mr. Boyle found by experiment that a 
glass vessel filled with this paste, and close stopped, bursts while the mixture sets, a 
quantity of water sometimes issuing through the cracks ; hence this material becomes 
valuable for filling cavities, &c,, when other earths would shrink. The gj’psum is pre- 
paid either by burning or boiling, and loses from four to six c'wt. in a ton. After 
burning, it is ground into pjwder in a mill. 

PiAT OR Plot. A late mediaeval term for a design or drawing. 

PiATBANO. Any flat and square moulding whose projection is much less than its height, 
such are the fascia of an architrave, the list between flutings, &c. The platband of 
a door or window is the lintel, when it is made square and not much arched. 

Plate. A general term applied to those horizontal pieces of timber lying mostly on walls 
for the reception of another assemblage of timbers. Thus, a wall plate is laid round tlie 
walls of a building to receive the timbering of a floor and roof ; abutter plate under the 


gutter of a building, &c« 

Plate Gxass. Glass cast in sheets or plates, and polished, 
quality and colour to both “crown*' and “sheet** glass. 
The best kind may be tested by its perfect freedom from 
colour, blemishes, specks, and striae of every sort. It is 
not subject to dampness or “ sweating.** That which is 
tinged is of inferior quality, and cannot be used where it 
is intended to exhibit coloured articles behind it. The 
usual thickness is one quarter of an inch. The better 
sort of plate glass is used for looking-glasses, and is 
charged a higher price than for glazing purposes. There 
h also an inferior sort of plate glass, culed “patent 
plate,** which consists of blown glass of an extra thickness, 
whidi is then opened and polished. For large sizes the 
price is about the same as plato glass. 

Plate Haok. A fixture over the sink in a scullery for the 
reception of dinner plates and dishes after washing. 

Plate Tracbbt. The earliest form of tracery, used at the 
commencement of the Early English perioa of medievtd 
architecture, as Fig. 1434; it consists of the oj^nings 
being form^ or cat in the stoneworit, and showing no 
projecting mouldings. 


Plate glass is superior in 
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**hkrthe"fltftr*'lL ^ «■'■ '^e top of a WVding. The laiaod daU on 

iwlftJf 1 *T J The loT^er »q\sare member of a base of a column or 

\ sijji. in a 'Wall the term plinth ia applied to two or more rows of biiclu at the 
base of it, which project from the face. 

Plotting. The art of lading down on paper the angles and lines of a plot of land 
by any inbtrument used m surveying. 

Plough. A joiner’s grooving plane. 

Plough and Tongukd. This is a continued mortise and tenon along the edges of two 
boards, the one biving a groove cut in it, and the other formed into a projection ; such 
work is used to linings and floors. Sometimes both edges are grooved, snd a thin 
piece of -wood or of hoop iron let into both, while being fixed up or laid, Heading 
Joint. 


Plug. A piece of timber driven perpendicularly into a wall with the projecting part 
sawn away, so as to be flush with the face. 

Plug and Feather, or Key and Fbatukh. A name given to a method of dividing hard 
stones by means of a long tapering wedge called the ketf, and we<^0-8haped pieces of 
iron called /reMers, which are driven into holes previously drilled iuto the rock for the 
purpose, and thus forcibly split it. 

Plumding. (Lat. Plumbus ) The art of easting and working in lead and usii.g it in building. 

Plumb Rui u, Plumb Line, or Plummet. An instrument used by masons, carpenters, 
&c., to draw perpeiidiculars or verticals, for ascertaining whether their work be upright, 
horizontal, and so on. The instrument is little more than a piece of lead or plummet 
at the end of a string, sometimes descending along a wooden or metal ruler raised 
perpendicularly on another, and then it is called a level. See Level, 

Plumber. The artificer who works in lead and zinc. The fittings for water-closets, 
cisterns, pumps, gutters, &c., come under his care. 

Poi just. The space in the pulley style of a sashed windo'W. It is also a space closed up, 
or nearly so, formed out of a larger space. Pockets are often found in the flues of ofd 
houses, and form one of the great causes of fires, by accumulating the soot, which Bt last 
heats and ignites adjoining woodwork. 

Podium. (Lat.) A continued pedestal. A projection which surrounded the arena of the 
ancient amphitheatre, See Amphitheatre. 

Point. (Lat. Punctum.) In geometry, according to Euclid, that which has neither length, 
breadth, nor thickness. 

Point, accidental. In perspective, a term used by the old writers on the science to 
signify the vanishing point. 

Point op Distance. In perspective, the distance of the picture transferred upon the vanish- 
ing line from the centre, or from the point where the principal ray meets it, whence 
it is generally understood to be on the vanishing line of the horizon. See Distance. 

Point, objective. A point on a geometrical plane whose representation is required on 
the perspective plane. 

Point op Sight. The place of the eye whence the picture is viewed, according to Dr. 
Brook Taylor, but, according to the old writers on perspective, is what is now called 
the centre of the picture. It is also called the point of view. 

Pointed or Lancet Arch. An arch formed by a radius equal to the span of the opening, 
and struck from both sides of it on the springing line. A lancet 
arch of a higher pitch is formed by the radius being struck as 
much beyond the opening as may be desired. See Tierce Point. 

Pointed Abchitbcturb. The medimval styi^ of architecture in 
which the pointed arch is adopted as a principle of construction. 

Pointing, raking out the mortar from between the joints 
of brick work, and replacing the same with new mortar. 

Pole Plate. A plate fixed to the lower ends of a tnm of a 
roof, to receive the ends oTtbecommon rafters, as B in Pig. 688. Pig. 1485. 

Polishing. The act of imparting to faumr woods, as wainscot, maho^n^, bird’s-eye 
maple, flee., a brilliant surface to show on their flower to advantage. This is done % 
rnbbiiig on them a spirit varnish with great care. YarniBh, wax, and a common polish 
are rubbed or laid on with a brush for cheapness. See Marblb. 

Poliabd. a tree wldch has been frequeiM^y lopped otpeUed of its head and branches, a 
practice very izgnrious to ^tood timber. 

PoLTCBBOHY. The decoration of exteriors and interiors of bnildings, with colours and 
tints. When executed in a single colour, it is called monochrome painting. 

Polygon. (Ghr. IIoAvf,. maoiy, and rc#r«i, an angle.) A multilateral fl^rure, or one whose 
perimeter consists ef mofe than four sides and angles. If the mdes and anfflea be 
equal the figure ts called a regular polygon. Poltgons are distinguished aceoidiug to 
the number of the aides ; thus tkoee of five sides are cidled p^ayonst Umse of mm, 
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htxag(mt tho&e of eeveu heptagons^ and so on. The aubjolned ib a table of tbe afent 
and per^nd'cnlaw of polygons, the side being » 1, ; and of the lengths of sides of poly- 
gons to Kadins 1. idee also par. 1219. 




Area. 

Perpendiculars. 

Oiroumsoribed. 

Inscribed. 


Trigon 


‘433013 

•2886761 

8*4641 

1*7321 


Tetragon 


1*000000 

■5000000 

2*0000 

1*4142 


Pentagon 


1*720477 

-6881010 

1*4630 

1*1756 

6 

Hexagon 


2*698076 

*8660254 

1*1648 


7 

Heptagon 


3*633912 

1 0382617 

0*9630 

0*8677 

8 

Octagon 


4*828427 

1*2071068 

0*8284 

0*7664 

9 

Enneagon 


6*181824 

1*3737387 

0*7278 


10 

Decagon 


7*694209 

1*6388418 

0*6498 


11 

Endecagon 


0*366640 

1*7028437 

0*5872 

0*6634 

12 

Dodecagon 

• 

11*196162 

1*8660254 

0 6368 

0*5176 


From the above, to find the area of a regular polygon, multiply one of the sides of the 
polygon by the perpendicular from the centre on that side, and multiply half the pro- 
duct by the number of sides ; or, multiply the square of the given side of the polygon 
by the number opposite to its name under the word Area. 

PoLYQEAM. (Gr.) A figure eonsisting of many lines. 

Polyhedron. (Gr.) A solid contained under many sides or planes. If the sides of a 
polyhaedron be regular polygons, all similar and equal, it becomes a regular body, and 

' may be inscribed in a sphere, that is, a sphere may be drawn round it, so that its sur- 
face shall touch all the solid angles of the body. 

PoLYSTYLB. (Gf. IIoAof and 2rv\os.) 6f many columns. See Colonnade. 

PoMEL. (Lat. Pomum.) A globular protuberance terminating a pinnacle, &c. 

Poplar. (Lat. Populus.) A tree sometimes used for rafters m common buildings. 

Poppy Heads, or Poppies. The termination of the ends of open seats, often carved as 
heads, foliage, &c. 

PottCH. (Fr.) An exterior appendage to a building, forming a covered approach to one 
of its principal doorways. 

Porphyry. (Gr.) A very hard stone, partaking of the nature of granite. It is not so 
fine as many of the ordinary marbles, but far exceeds them in hardness, and will take a 
very fine polish. It is generally of a high purple, which varies, however, from claret 
colour to violet. Its variations are rarely disposed in grains. The purple porphyry 
was obtained by the Romans in Egypt, the quarries of which were only discovered, 
between the River Kile and the Red Sea, about 1885-87i by Burton, Schweinfurth, and 
lastly by Brindley, Columns of it wrought 1900 years since still retain the freshness 
of colour. It had been obtained of very large sizes, for tombs, &c. It must not be 
confounded with the Syenite of Egypt. 

The red-lead coloured porphyry, which abounds in Minorca, is variegated with black 
white, and green, and is a beautifhl and valuable material. The pale and red porphyry 
variegated with black, white and green is found in Arabia Petrsea and Upper E^pt, and 
in separate nodules in Germany, England, and Ireland. The sorts best known are what the 
Italians call the porfidorosso (i^), which is of a deep red with oblong white spots ; the lat- 
ter are of fdd which resembles achorL There are two varieties of black porphyry, 
ih^porfido nerOt or black porphyty, and that called the urptniino nero antico. The first 
has a ^nnd entirely black, spotted with oblong white spots like the red porphyry; 
the also a black mund, with great white spots, obbng, or rather in tbe form 

of a^arallelopipedon, neany resembling in colour what tbe French call aerpfUin vert 
antique. The ^um povphjty has a brown ground with large oblong menish spots. 
There are several sorts of green porphyry, which the Italians principally distinguish 

C4hj4he names of terpmixno afUko verde^ found In great abrtudance and in large bloclss 
tii tiie'iieighbourhodd of the ancient Ostia, of a green ground with oblong spots of a 
4ighUhaome of the same colOttr ; and the porfi^ verde^ which is of a iground pf vei^ 
dark flpvi0; dimoBt mroachii^ to black, with lighter shades of a fine grass green. 

j^Mt. Porta.) The aw over a door mr gate ; the framework of thejnite ; the 
lasbef vrhen there are two of diifisrent dimensions at one entrance. The ft*. pontnjU. 
i| git^Bi to the entrance fii^ade of a building. ^ This term was fonnerij af|^lied to a 
vinul square ocomer in a room separated from rim rest of the apartoiaut by iraiiiscoting. 

PonreuLUS.. (Fr») A strong grated fuming of timber, rwmbling a ItUrow, the vertto^ 
pieces whereof were poixitod inth iron at toe bottom, tor toe purpotoofntrikitkg into the 
groniid when It was dropped, ^d also to break and destroy that upon whi^ it toll# It 
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down in a groov* of aolid atone-work wlthta the lUKh <rf «h« 
^rtAlB of old mtlOT. It wsa mtroducad into the early Horman cartlea. 

3BT1CO, (L&t. Porticos.) So® Ooloknads. 

ORTL^Nn Cement, A quick-setting cement made from limestone and cUy, It is 
calcined at a very gr^t heat; take a larger quantity of sand than Eoman 
cement ; and is much lighter in colour, rendering it more agreeable for decorative 


purposes. 

Portland Stonb. A dull urhite species of stone brought from the island of Bottland. 
It stands the action of the London atmosphere better than any other stone. 

PoaruouESB ARCHirEcrniiB. See Spanish Ahckitbcturb. 

Position. In geometry, the situation of one thing in regard to another. Speaking 
architecturally, it is the situation of a building in respect of the four cardinal points 
of the horizon. 

Post. (Fr.) An upright piece of timber set In the earth. Any piece of timber whose 
office is to support or sustain in a vertical direction, as the king and queen poete in a 
roof, 18 so called. 

Post and Paling. A close wooden fence constructed with posts fired in the ground and 
pales nailed between them. This kind of fence is sometimes called poet and railing f 
though this latter is rather a kind of open wooden fence, used for the protection of 
young quickset hedges, consisting of posts and rails, &e. 

Postern. A side door or gate usually employed in castellated architecture. 

PosTicuM. (La^) See Cell. 

PosTscENiuM or Parascbnium. (Lat^) In ancient architecture, the back part of the 
theatre, where the machinery w'as deposited, and where the actors retired to robe 
themselves. 

Pot Metal. See Stained Glass. 

Poultry House. ^ A building for the shelter and rearing of poultry, of which, perhaps, the 
finest example is that at Winnington in Cheshire. The Iront is one hundred an(f forty 
feet in length, with a pavilion at each end, united to the centre by a colonnade of small 
cast-iron pillars, supporting a slated roof, which shelters a paved walk. In the centre 
of the front are four strong columns, and as many pilasters, supporting a slated roof, 
with an iron gate between Aem, from which a large semicircular court is entered, with 
a colonnade round it, and places for the poultry. On one side of the gate is a small 
parlour, and at the other end of the colonnade a kitchen. 

Power. In mechanics, a force which, applied to a machine, tends to produce motion. If 
it actually produce it, it is called a ittovin^ power ^ if not, it is called a sustaining power. 
The term is also used in respect of the six simple machines, viz. the lever, thQ balance, 
the scnw, the axis in peritrochio, the wedge, and the pulley', which are called the mecka* 
nical powers, 

Poyntell. a pavement consisting of small lozenge-shaped tiles, or square tiles kid 
diagonally. 

PozzuoLANA. See Puzzuoulna. 

Pr^cinctio (Lat.) or Baltbus. A wide seat, or rather step, round the audience part of 
the ancient theatres and amphitheatres. It was termed tiaiwua by the Greeks. 

Preaching Cross. A cross erected in the highway, at which the monks and others 
preached to the public. 

pRECBPTOBY. A manor or estate of the Knights Templars, on which a church whs erected 
for reli^ous service, and a convenient house for habitation, and generally placed under 
one of the more eminent members of the fraternity, called iiiQ pr^gceptores templi, to have 
care of the lands and rents of the place. The preceptories were nothing more than cells 
to the Temple, or principal house of the knights in London. ‘ - 

Prbsbytbrt. liiat part of the church reserved for the officiating priests, oompruiii% U^e 
choir and other eastern parts of the edifice. „ ' 

Pricking up Coat. The first cost, of plaster in three-coat w'ork on lathing. 

Prick Post. The same as a Q,biSBX Post of a roof. Also the posts in a wooden building 
placed between the principal posts at the comers. Also the posts framed int^, 
Dreastsummer, between the principal posts, for stren^hening the carcass of a iioiisb* ^ ' 

PliiHiB. (Lat.) A figure in geometry that cannot be divided into any othertBgprep more 
simple than itself, as a triangle in plane ^res, and a pyramid ip solids. 

A prime number is one that cannot be divided by anotnor number without arami^kider. 

Priming. Id painter’s work, the first colouring of the work, which formers gbpimd to 
-the succeeding coats. ♦ 

pRiNCiPAX Bhacb. One immediately under the principal rafters, or parallel to them^jiA 
a state of oompreasto, assisting, with the principali, to support the timbers of a root 

Principal Point. Ih' ^Hospective^ a point in the penep^ve plane npon which a line 1ri^ 
fall drawn from the eye perpendicular to that plane. It is, in fact, the intersection of 
the horizontal and verneal planes, or the pomt qf eight of the eye, * 
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Pbincipal Raftbe. One whose eise h larger than that of a Common rafter, and is 
in such a manner, M ih a trues, as to beer the prinbipal weight of the latter. 

Principal Hat. In perspective, the line passing from the eye to the principal point on' 
t he perspective plane. 

pRio&x, A monasreiy, the iiead of which Tas called a prior or prioress. 

Prism, ^ (Or. Jn geometir an ohlong or solid body contained nildep more than 

fonr places, ^ose bases are equal, ^mllel, and similarly situate. 

PatsMOO). A solid figure, having for its two ends any dissimilar parallel plane figure 
of the same number of sides, and all the upright sides of the solid trapeaoids. If 
the ends of the prismoid he hounded by dissimilar^ curves, it is sometimes called a 
cylindroid. 

Prison. A building erected for the confinement, or safe custody, of those ^ho have trans* 
gressed the laws of their country, until, in due <murse of time, they are discharged. 

In considerable cities and towns, humani^% and in leed justice, demands that the 
same building which confines the convicted mlon should not enclose the debtor and 
the untried prisoner, as well as him whose offence is not of an aggravated nature. In 
small towns, where thero^may be only one, perhaps small, prison, the separation of the 
prisoners is more difficult to accomplish. The separation of the sex is indispensable. 
For whatever class of prisoners a building is erected, salubrity and ventilation are as 
essential as the security of those confined. It is now unnecessary to reprint the whole 
of the requisites which the celebiated Howard specified for prisons : modern rules 
have necessitated great alterations since his time. 

Prison discipline is a problem the wisest of our legislators have not yet been able 
to solve. Whan Pentonville Prison was erected it was thought that complete eepai*a- 
tion, by its severity, would lessen crime. The result, however, has scarcely justified 
the belief. The Government have had ample opportunity of forming an opinion upon 
the merits of the separate system, consequently about 1851 some relaxation was made, 
and about ten per cent, were placed in association. The City authorities adopted a 
middle course, and they have the means of confining the vicious in separate cells ; 
and have sufficient number of workrooms for classified association. 

One of tha^jmsons erected for the metropolis is the Model or Pentonville Prison 
in the Cal^JlBntu Road, erected 1840-42 by Major R. Jebb for 1,000 prisoners, 
and to which additions have been made. A Iteport was published at the time 
giving all the details of the cells, which are 18 feet by 7 feet by 9 feet high, and 
intended for solitary confinement. Another, the new City Prison, in the Camden Road, 
m^ted 1849-52, by the City architect, Mr. J. B. Running, has 418 cells. It is 
instructed on the radiating principle, having four wings diverging from the centre, 
with two others in front of the former. Each is twelve jcells in length, or about 
’100 feet long, and three stoiies high. The corridors are 10'lft’et wide, and are open up 
to the arehed ceiling, with galleries leading to the upper cells. One of the latest 
prisons erected is that at Edinburgh. It is described in the British ArchiUoi for 
October 14, 1887, p. 291. 

Problem (Gr.) In geometi^, a proposition in which some operation or construction is 
required, as to divide a line, to make an angle, to draw a circle through three points 
not in a right line, &c. A problem consists of three parts : the proposition, which 
states what is required to be done ; the resolution or solution, wherein arc 
the step or steps by which it is done ; and the demonstration, wherein i 
that by doing the several things prescribed in the resolution the thing 
obtained. ^ 

pROOOMUs. In ancient architecture, the portko before the entranos to the cell of n 
temple. See Cell. " 

Pboducikq. In geometry, the continuing a right lit||||kany requir«|||M ^ ^ 

Profilb. The vertical seetioo of a body. It is prin|||Bs used in i(9|H|tectafBl sens# 
to signify the contour of arcbltectural members, cornic»9PK The profile 

of an order is in fa^t the outline of the whple anfi fSPufts, the drawing whereof is 
technically called prU^ng the order. ... 

FiMNrBOTiOB. The art cci^presentinga body on a p1ai]|e by dhtVing htr^y^uiec through 
a given point, or parallel fto m tim contour and froth toe iutermediattltues 6f Iwy, 
if airy, io as to <mt the plane. ^^^^Tlien the projection is miih by draefigiktMHght lines 
from a point, it is caflcd a repreientaiion ; but Ufippnedlty j^uratiel liaeiu It 

is callea an orthogra/fkioal rspresetf^fion. 

PRoiBoruBB. An out-jett!ng or preafitienoe beyond the |U||^ af a wall, colum 
the Greeks px^eetares werocaUed^K^spc^t^tioltaUatiiqpor^^bytimPrA 
our worlnnen^lsd them ss//i^soesr. ' ' ^ 

paavATM. tut,) 

oftMinMlfipnakboatlU'IODgerdmriit*,. - 
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JPeonaos* See Oell*. 

Peop. a snpport, m thet on wluch anything reeti. See EairQK And Bkoek. 

Pbopobtiok. The Just magnitude of each Itnd of each part to another^ so aa to be 
suitable to the end in view. See HarhokIo^aito Gbomstbic* Pbopoetioh* 

Peopobtiokai» Ooxfamis. See Compasses. 

pBOPYLiBUX. (Gr. Ilaa, before, and nvAn, a portal) Any court or veiiitfbule before a 
buildlnp^, or before its princip^ part ; b^ more pakieidarlj the entrance te suoheourt 
or Tesubule. 

pEoscBKXuK, (Gt,) That part in the undent theatre whereon the actors performed iu 
ftont of the scene, being what we call the stage. The Bomans called this part the 

PaosTTLB. (Gr. llpo, and SruXof , a coluTun.) A portico in which the columns stand is 
advance of the building to which they belong. 

Peothesis, Tabi.b of. Credbkob. 

Pbothtrib. (Gr.) A word used in ancient architecture to signify a cross beam ot Oirsr- 
thwart rafter, as likewise a quoin or course of a wall. See Console, 

pROTHTRXJic. (Cr.) A porch at the outer door cf a house ; a portal. * 

Protraotob. (Lat. Protractus.) An instrument for laying down au angle in drawing of 
plotting. 

PsEUDisoDoxoM. See Isodomum. 

PsBUuoDiPTBBAL or False Biptebal. A disposition in the temples of anti^ntty wherein 
there were eight columns in front and only one range round the cell. It is called fslss 
or imperfect, because the cell only occupying the width of four columns, the sides from 
the columns to the walls of the cell have no columns therein, though the fttont and rear 
present a column in the middle of the void. See Temple. 

PsBUDOFEBiPTERAL OT IMPERFECT Periptebal. A dispositioD iu the ancient temples, in 
which the columns on the sides were engaged in the wall, and wherein there w^ no 
portico except to the faqade in front ; su^ ace the Maison Carrie at Kismes, and the 
temple of Fortune Virilis at Kome^ 

Ptera. In Grecian architecture, is the colonnade which surrounded the cell of the temple, 
the monopteros temple being the only species which had columns without a wall behind 
them. Tne peripteral had one tier of columns round the cell, the dipte^ two, and the 
p«eudo or false dipteral, invented by Hermogenes, was that in which the ptera was 
single, but occupied tlie same space on the sides of the cell as the dipteral, tnougb one 
of the tiers of columns was left out. Thus, by metaphor, the columns were called the 
wings of the temple. See Temile. 

Pteroma. (Gr. Ilrcpov, a wing.) The space between the wall of the cell of a temple and 
the columns of the peristyle, called also amhulatio. 

fuBUO BniLoiNa. Every Milding used as a church, chapel, or other place of public 
worship; also every building used for purposes of public instrliltjlon ; also as a 
college, public hall, hospital, theatre, public concert room, public ball room, public 
lecture room, public euibition room, or any other public purposes. Hetropolitan 
Building Act, 1885. 

PuDm.iNO. The filling behind a wall, filling up a cavity, or banking up with c^y 
tempered with %vnter, and carefully rammed down with the repeated strokes of beatera 
or beetles, in order to make it solid. Bee Clayino. 

PuGQ ^G. A coarse kind of mortar laid upon rough boarding placed between joists, to 
prevent the transmi'^sion of sound from the apar.mont above to that below. 

Puo-Mii L. A stone, or a pair of large circular stones, in a vertical position, worked by 
machinery to roll round as a wheel and also in and round an iron pan, for the purpose 
of grinding up clay for brickmaking, and also the lime and bricks in making morcar. 

PuO'^piLXNa. The same as dovetailed piling, or pile planking. 

PpjLKT. (Fr.) One of the fire meraanicol powers, consisting of a irheel or rundle, 
haring a channel around it and turning on an axis, serving, by means of a rope wbick 
moves in its channel, for the raising of weights. 

PuLLUY Mortise. The same as Cvsss Mobiush. 

PtTLPiT. (ItttU Puipito.) An elevated place, an enclosed stage ot|)atfotm for a proacher 
in a church. The ancient amho served the same purpose, 

P^XPiiiTM. (I^t.) See Proscekiom. > 

P^viNARXA. vLat.), Cushions in the ancient temple# whereon the statues of the gods 
were sornetimcE ^mjL 

PuLviNATA, {Lat.)^A pillow ; as ap|died to the Tolnte of the Ionic order. 

PoLTXKATBhi See Fribzm, 

Poifp. A nmshine lur raising water ; there are many varieties of them. 

PtTKCHBOX (Fr. Mstan.) A name common to iron instruments used in different tisdes 
fbi* catting, piercing a body* In cai^try, it ii a piece of timber plaee^ 
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upright between two posts whose beiiring is too great, so^T^ng^ top^ether with them, to 
sustain some heavy weight. Th^ term also applied to a piece of timber raised upright 
' under the fidge of a buildings and in which are jointed the small timbers.' Also to the 
arbor or principal part of a machine on which it turnip Yertically, as that of a crane. ^ 
Pu'iuKc^t Stojjb. a species of stone obtained from the island Of Purbeck in Dorsetshire, 

' ofavery hard textilire, and used for paving. See Pavement. 

PuBFLED. (Fr. Pourfiler V Ornamented work in stone, or other material, represent^ing 
embroidery, drapery, or lace work. r 

PtjRUN. A horizontal piece of timber lying generally on the principal rafiers of a roof to 
- lessen the* bearings of the common rafters. Locally called iide limbers, and side wavers, 
PuTKAL. The marginal stone of a well. The celebrated one of Scribonihs Li bo was 
‘ erected by order of the senate to mark the spot where a thunderbolt had fallen near the 
sr.itiiesof Marsyas and Janus by the Comitia. 

PiTTLo^. See Lbuour. 

Putty. A sort of paste consisting of whiting, with or without a small portion of white 
lead and linseed oil, beaten together until it assumes a kind of tough consistency lik-e 
dough. In this state it is used by glaziers for fixing in the squares of glass to sash 
' windows, etc., and also by liouse-paiutTs to stop up holes and cavities in woodwork 
iHjforo piinting. 

Plzzuolana. a grey-coloured earth deriving its name from Puzzuoli, whence it was 
originally brought. It is a volcanic matter found in many other parts of Italy, and 
generally in the neighbourhood of volcanoes active or extinct, from which it has been 
thrown out in the form of ashes. It immediately liardons when mixed with one-third 
of its weight of lifhe^nd water, forming an admirable water cement. 

Pycnostyle. (Gr. riuKi'OS, close, column.) See Colonnade. 

P\LON. The mass of building on either side of the entrance to an Egyptian temple. It 
is pyramidal in form and sometimes as much as 100 feet in length and 32 feet in width. 
pYKAiinD. (Or. riup, fire.) A solid standing on a square, triangular, or polygonal basis, 
and terminating at top in a point; or a body whose l^Jise is a regular rectilinear figure 
and whose sides are plain triangles, their sovoril vert ides meeting together in oho 
point. It is defined by Euclid as a solid figure consisting of seveml triangles whose 
bases are all in the same plane and have one common vertex. 

The principal properties of pyramids are as follow: — 1. All pyramids and copes 
stiinding on the same base f.n^ having the same altitude are equal. 2. A triangi^lar 
pyramid is the third part of a prism, standing on the s ime base and of the same altitude. 
3. Hence, since every multangular may be divided into triangulars, every pyramid re 
the third pirt of a prism standing on the same base and of the same altitude. 4. If a 
pyramid be cut by a plane parallel to its base, the sections will be similar to the bas^ 

6. All pyramids, prisms, cylinders, etc., are in a ratio compounded of their bases and 
altitudes ; the'lmses therefore being equal they are in proportion to their altitudes, und 
the altitudes being equal, they are in proportion to their bases. 6. Similar pyramids, 
prisms, cylinders, cones, etc., are in a triplicate ratio of their homologous sides. 

7. Ji^qual pyramids, etc., reciprscate their bases and altitudes, i.e. the altitude of one is 
to that of the other, as the base of the one is to the base of tlie other. 8. A sphere is 
equal to a pyramid whose base is equal to the surface, and its height to the radius 
of the sphere. See Frustum. 

The name of the structure erected over a tomb, as commonly seen in Egypt. 
Pyramidiok. The small flat pyramid which terminates the top of an obelisk. 

Q 

Quadra. (Ital.) A square border or frame round a basso-relievo, panel, etc. ; the term is 
not strictly appHcaUe to any circular border. The term is also applied to the bands or 
fillets of the Ionic base on each side of the scotia ; and also to the plinth or lower mem- 
l>er of the podium. 

Quadrangle. Any figure with four aftgles and four sides. This term is in architecture 
.n bmgland applied to the inner sqilare or rectangular court of a building, as in the 

* college courts of Oxftird, etc. 

Quadrant. (Lat.) The quarter of a circle, or an arc of it containing ninety degrees 
within Its enclosed angle. 

Quadrature. (Lat.) The determination of the area of a figure inj. square, or even kny 
other rectilinear form. “ 

Quadrel. Am nrtificial stone perfectly square, whence its name, much used formerly by 
the Italian architects. Quadrcis were made of a chalky or whitish and pliable earth, 
and dried in the shade for at least two years. 

Quadrtfokks. (Lai.) In ancient architectu^, Elding doors whose height was divided Iptb 

* two parts. 'Whenthcfyopetiedinoiieheight,theyweretermed/nrcs€iA/i^<7i'<9orra^r<P* 
QuADRn.ATr.eAL. In ceoroeti*y, a figure whosS perimeter consists of four risrht lines mak* 
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Quaubkl, Tulgarly calM QtriRny. (iTi*. Cart^.} A aquar6 dr loze^^filiap^ ptedo 6{ 
glass used in lead casements. ‘ ‘ 

QuauRT. (Irish, Oarrig.J A place whence marhlecf, stones, or slates are procured. 

QuARBriNo. The operation of extracting the produce of a quarry is one which requires 
much practical knowledge to render it beneficial to its owner ; but in respect of the 
details they are not required to be noticed in this Work. 

Quabtsb Grain. See Fklt Grain. 

Quarter Paoe^ See Foot Pace. 

Quarter Partition. One consisting of quarters, or upright pieces of timber receiving 
the lath and plaster work. 

Quarter Bound. The same as OvoLo and Echinus, being a moulding whose profile is tl;e 
quadrant of a circle. 

Quarters. Small vertical timber posts, rarely exceeding four by three inches, used to 
form a partition instead of walls for the separation or boundary of apartments. They 
are’ placed, or ought to be, about twelve inches apart, and are usually lathed and 
plastered in the internal apartments, but if used for external purposes are commonly 
boarded. A series of such posts is called Quartering 

Quartz. (Germ.) A mineral production better known by the name of rock crystal. It 
includes a variety of stones with which we hare nothing here do, and the only motive 
for mentioning it is its occurrence in the granites, wherein it is immediately recognised, 
from its glass-like appearance. 

Quatrkfoil. (Fr. Quutrefeuille.) A modern term denoting a form disposed in fbur 
segments of circles, and so called from its imagined resemblance to an expanded flower 
ot four petals. It is only found in the* windows, panels, etc., of Gothic architecture. 

Qjav. (Fr.) A bank formed towards the sea or on the side of a river for free pasaige. 
or for the purpose of unloading merchandise. 

Queen-post. A suspending post where there are two in a trussed roof. 

Queen. A size slate used in ro )fing. 

Quicklime. Lime in lump or in powder, ready for water to be added to it. See Lime. 

Quii^c. A piece taken out of any regular ground-plot or floor ; thus, if the ground plan were 
sqfldre or oblong, and a piece were taken out of the corner, such piece is called a quirk, 
8^ Kh^kntkrinq angle. 

Quirk Moulding^ One whose sharp and sudden return from its extreme projection to tlio 
re-entrant angle s^ms rather to partake of a straight line on the profile than of the 
curve. Of this claftt are a great number of tlie ancient Greek mouldings. 

Quoins. (Fr. (Ain.) A term applied to any external angle but more especially applied 
to the angulat courses of stone raised from the naked of the wall at the corner of a 
building, and called rustic quoins. See Rustic Quoins. 

B 

Baubkt. Spo Rebate. 

Rack. The case, enclosed by bars, over the manger in a stable, wherein the hay is placed 
for the liorses. 

Rad and I)Ab. A substitute for brick nogging in partitions, consisting of cnb or a miif 
ture of clay and chopped straw filled in between laths of split oak or hazel. It is also 
called wattle and dab, 

Radul Curves. In geometry, those of the spiral kind whose ordinates all terminate in 
tlie centre of the including circle, and appear like so many radii of such circle 

Radius. In geometry, the semidiameter oi a circle, or a right line drawn from the ceotfe 
to the circumference. 

Radius of Curvature. The radius of the osculatory circle at any point in a curve. See 

OsCULATORT CiRCLE. 

Raffle Leaf. A leaf in ornamental foliage formed of small indentations at the edg.e. 
The acanthus leaf is so called. 

Rafters. (Quasi, Roof-trees.) The inclined timbers of a roof, whose edges are m the same 
plane which is parallel to the covering. 

Rag Slate. A slate obtained fk>ra Wales, and sold by the ton, which will cover about 
one square and a half of roofing. 

Rail. (Ger. Riegel.) A term applied in rarions ways, but more particularly to those 
'pieces of fimbeT or wood lying horizontally, whether between the panels of wainscoting, 
or of doors, or under or over the comp^ments of balustrades, &c. ; to pieces, in framing, 
that lie from post to post in fences; in short, tp all pieces lying in a horizontal direc* 

' tioQ which separate one comportment from anc^er. 

JUiHFiLL. To calculate the quantity of water that will accumulate over a given area, 
multiply the inches of rainfall bjr 2,323,200, which will equal the cube feet per sqt^are 
mile. If by UJ, it will equal millions of gallons per acre, If by 3,030, it #iU 
cube feet per aero. {Molmoorik) u 
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lUuf •WATBB Pipe. One usually placed against the exterior of a house to cany ufT Ihe 
rain-water from the roof. 

Baisiho Piece. One which lies under a beam and over the posts or puncheons. The term 
is chiedy used in respect of buildings constructed of timber framework. 

Baisinu WfiiGUTs. 8oe Lewis. 

Bake. A slope or inclination, as of a roof. 

Baxikq. a term applied to any member whose arisses lie inclined to tlie horizon. 

Bamp. CFr.) In handrails, a concavity on the upper side formed over risers, or over a 
half or quarter pace, by a sudden rise of the steps above, which frequently occasions a 
knee above the ramp. The term is also applied to any concave form, as in coping, &c., 
where a higher is to be joined by a continued line to a lower body. 

Bampant Auch. One whose abutments or springings are not on the same level. 

Bamce. a prop or shore ; a term used in Scotland. 

Bandom Toolin(». In Scotland called dromng, is a mode of hewing the face of a stone 
either as preparatory to some other process, or as a finishing operation. A chisel two to 
four inches broad at the cutting edge, is advanced along the scone at about ^ inch pev 
stroke, the result being a series of indentations on the surface of the whole stone-^ 
The excellence of the work depends upon the regularity of these fiutings and the absence 
of ridges between the dravghte, 

Banqe, or Banging. (Fr.) A term applied to the edges of a number of bodies when 
standing in a given plane. Thus, if the edges of the ribs of a groin were placed in a 
cyliudric surface, they would be said to ranges It is also used in respect of a work that 
runs straight without breaking into angles. 

Bank Set. When the sole of a plane iron proj'ects greatly below the plane. 

Bay, PaiNCiPAL. In perspective, the perpendicular distance between Uie eye and the 
perspective plane. 

Bayonnant. (Fr. Badiating.) A term applied in France to a period in Gothic archi- 
tecture, wherein the mullions and tracery terminate in forms founded on the divergence 
of rays from certain centres. It prevailed from the latter end of the thirteenth until near 
the end of the fourteenth century. 

Bbdatb. (Fr. Bebattre.) A channel or small recess cut in a piece of wood, longitudinally, 
to receive the edge of a body, or the ends of a number of bodit s that are to be secured to 
it. The depth of the channel is equal to the thicknef^p of the body ; so that when the 
end cf the latter is let into the rebate, it is in the san.e face with the outside of the 
piece. See Doob-stop. 

Bkhatk Plane. Oue used for sinking rebates. 

Bbcbss. (Lat. Becedo.) A cavity lelt in a wall, sometimes for use, as to receive a side- 
board, bed, &c., or to add to the quantity of fioor room, and sometimes for ornament, as 
when formed into a niche, &;c. 

Becipbocals. a term in mathematics, mostly applied to the fraction made by inverting 
another firaction ; thus ^ is the reciprocal of I and ^ of |. 

Bectaeolb. In geometry, a figure whose angles are all right angles. Solids are called 
rectangular with respect to their position, as a cone, cylinder, &c., when perpendicular to 
the plane of the horizon. A parabola was anciently cal led a rectangular section of a cone. 

Bectification. In geometry, the finding of a right line that shall be equal to a given 
curve, or simply finding the length of a curve. 

^,Rectzlinsab. a figure whose boundaries are right lines. 

^Bbctilinbab Pebiob. a name given by some writers to tho Perp.'indicular period of 
modiseval architecture in England, from the predominance of rectangular or straight lines. 

Bbbuct. a quirk or small piece taken out of a larger to make it more uniform and regular. 

Beductiox of a figure, design, or draught. The copying it on a smaller scale than the 
original, preserving the same form and proportions. For this purpose a pair of prox>Qr- 
t|onal compasses are generally used, by which tlie labour is much lessens. 

Be|p Moulbinq. a moulding formed by three or more beads worked side by side. 

Bb^Icntebinq angle. An angle returned (A), in contradistinc- 

t|pn to a square or solid angle (Bb by the former of which 
r^ch space is often lost in small Wses, it being sometimes 
' adppted from its picturesque qualities. See Quibx. 

BEi^roBT. (Lat.) A room for taking refreshments. See Abbbt. 

Bkflictob. a polished surface so pla^ at an angle that it will reflect light towards 
auy required position. ,See Light, Bbflbctud. 

Bbflex« The light reflected from a surface in light to one in shade. 

Bbfugb. The name given to a building prepared for the reception of destitute people, 
where they are boarded and clothed and have to worit, or if youn^ are taught some 
trade, such as the **Boys' Refuge Farm School and Country Home/' at Bisley, near Woking, 
in Surrey. 

Beglxt, (Fr.) A flat narrow moulding, used chiefly to separate the parts or msmbersof 
compartments or panels from each other, os to form knots, frets, and other ornaments. 




GLOSSABY. 


1819 


Bboratixg. In masoDi^fthe prcceBS of removing the 'outef surface of an ildhewn atctti^ 
80 R« to give it a fresib appearance. 

HBOtTLA. (Lat.) A band below the taenia in the Doric architrave. 

IIKQUL4R. An epithet applied to a figure when it is equilateral and equiangular. A body 
is said to be regular when it is boimded by regular and equal planes, and has all ita 
solid angles equal. 

lUauLAii AacHiTBCTUHa That which has its parts symmetrical or disposed in countarparti. 

ICBQULaa CuBVKS. The perimeters of conic sections, which are alwaya curved after the 
same geometrical manner. 

Ebignieb WofiK. Ornamental figures or patterns inlaid in wood in the manner of huJU 
work, with loaves &c. of dififei-ent colours, 

RniNS OF A Vault. The sides or walls that, sustain the arch. 

Bkjointing. The filling up the joints of stones of old buildings when the mortar has beeL 
dislodged by age and the action of the weather. 

Delation. The direct conformity to each other, and to the whole, of the parts of a building. 

Kblirvo (It.) or Eeijkf. The projecture from its ground of any architectural omamentt 
Among sculptors there are three degrees of relievo ; namely, alto relievo, when the figure 
stands quite out from its ground ; mezzo riltevo, when one half of the figure projects ; 
and hass'i relievo, when the figures are raised from the ground in a small degree. 

Kklievinq Abch. See Bisckaboing Arch. 

Rendbr. To plaster on walls, slates or tiles, without the intervention of laths. 

JIbnaissancb Architectt7re. The name given to the style which studied to revire .he 
forms and ornaments of Roman art and partly of the Grecian. It was commenced under 
the best efforts of the artists of the sixteenth and seventeenth centuries. The style ia 
called “ Cinque Cento ” in Italy ; and the ** Revival ” or “ Elizabethan ” in Great Britain. 

Rendering. The act of laying the first coat of plaster on brickwork. 

Rbfluii£. (Lat.) In ancient architecture, the panel of a frameld door. See Impaqes. 

Rkrbdos. a screen placed behind an altar in mediteval architecture, and decorated 
with niches, statues, paintings, or other work, in accordance with the period of the style 
employed. See Altar Scbhkn, 

Rf.skrvoir. (Fr.) Anartificialpond,basin, or cistern for the collection and supply of water. 

Resistance. That power which, acting in opposition to another, tends to destroy or 
diminish its efifect. There are several sorts of resistance, arising from the various natures 
and properties of the resisting bodies, as the resistance of solids, fluids, air, &c. 

The following is a synopsis of the most important results that have been drawn by 
different writers on the sulject, both practical and theoretical : 

1. The resistance of a beam or bar to a fracture by a force acting laterally is as the 
solid made by a section of the beam in the place where the force is applied, into the 
distance of its centre of gravity from the poiut or line where the breach will end. 

2. In square beams the lateral strengths are as the cubes of their breadths and depths. 

3. In cylindric beams, the resistances of strengths are ns the cubes of the diameters. 

4. In rectan^lar beams the lateral strengths are conjointly as the breadths and 
squares of the depths. 

0 . The lateral resistances of any beams whose sections are similar figures and alike 
placed are as the cubes of the like dimensions of those figures. 

6. The lateral strength of a beam, with its narrower face upwards, is to its strength with, 
the broader face upwards, as the breadth of the broader fiice to the breadth of the narrower. 

' 7. The lateral strengths of prismatic beams, of the some materials, are as the areas 

of the sections and the distance of their centre of gravity directly, and as their lengths 
and weights reciprocally. 

8. When the ^am is fixed at both ends, the same property has place, except that 
in this case we must consider the beam as only half the length of the former. 

0. Cylinders and square prisms have their biteral streng&s proportional to the cubes 
of their diameters or depths directly, and their lengths and weights inversely. 

10. Similar prisms and cylinders have their strength inversely proportional to their 
linear dimensions. 

The relative resi.itance of wood and other bodies in shown in the following table: — 


Box, yew, plum-tree, oak • 

Elm, ash ... 
Walnut, tliom 

Red fir, holly, elder, plane, crab 
tree, apple-tree - 
Beech, cherry-tree, hasol • 


Proportional 

Be^tauce. 

11 


ri 


7 


Alder, ash, birch, white fir, willow 
Iron ^ « 

Brass * • • • • 

Bone • , « 

Loud - • • . • 

Fine freestone • • • « 


Proporttonnl 

Bwiatiuioe, 

6 

107 

60 

29 

f* 
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t The following Uble shows the cobesire force of a square inch of different substanceSy 


from the eiporiments of Professor Robinson : — 

lbs. lbs. lbs. 

Gold when cast - - 20 Rasor steel - - - Id Fir - - - - 8 

Silver ^ - - - 40 Oak and beech in the Ced«ar - - - • 6 

Cast iron - - 40 to 60 direction of their fibres Ivory - - - - 16 

Wrought iron - 60 to 90 from - - ‘ - 8 to 17 Bone - • - - g 

Soft steel - - -12 Willow- - - - 12 Rope - - - - 20 


Responds. Half-piers at the east or west end of the nave, transepts, or choir. They aro 
sometimes formed in the shape of corbels. 

Ressault. (Fr.) The recess or projection of a memW from or before another, so as 
to be out of the line or range with it. 

Retablu. a shelf, temporary or otherwise, between the altar and the cast wall. A 
series of receding shelves or retables, behind and sepamte from the altar, is thought 

• convenient for placing thereon vases of flowers and candlesticks. 

Retaining Wali^ Such as is built to retain a bank of earth from sliding down. It is 
is also called a revetment, or rovdtement, wall. The term is usually restricted to a 
^ wall built to retain an artificial bank. One erected to sustain the force of solid ground 
is called a breast wall. 

Rkticitlated. Like the meshes of a net. The reticuUitum opus of the ancients is 
described under the article Masonky. 

Return. The continuation of a moulding, projection, &c., in an opposite direction. A 
side or part which falls away from the front of a stmight work. 

Return Bead. See Bead and Double Qttirk. 

Reveal. (Lat. Revello.) The verticaljple of an aperture between the front of the wall 
and of the window, or door, frame. 

Revolution. In geometry, the motion of a point or line about a centre. ITius, a right- 
angled triangle, revolving round one of its legs as an axis, genemtos a cone in its 
revolution. 

ARCHiTBcn’XTRB. The specie's of Romanesque practised in the Rhine countries, 

• differing only in subordinate fea- 
tures from that of other parts of 
Germany. Fig. 1436. 

Rhomboid. (Gr.) A quadrilateriil 
figure whoso opposite sides tttid 
angles are equal. 

Rhohbus. (Gr.) A 
figure, whose sides equal, 

and whose opposite angles are 
■ respectively equal, two being 
obtuse and two acute, 

Rm. ^Sax.) An nirh-formcd piece 
of timber for supporting the lath 
and plaster work of a vault. 

Ribbing. An assemblage of ribs 
for a vault or coved ceiling. 

Ridge. (Sax.) The highest part 
of a roof. The term is more 
particularly applied to the piece 
of timber against which the 
upper ends of the rafters pitch. 

Ridge Tile. A convex tile miicle 
for covering the ridge of a roof. 

Slate ridging and terra cotta 
ridging are often employed. 

Right Angle. One containing 
ninety degrees. A ready mode 
of obtaining a right angle in set- 
, ting out buildings and for other 
purposes, is : make the vertical 
line equal to six divisions, the 
base line equal to eight similar di<> 
visions, then the distance between 
each point should be equal to ten such divisions, to make the angle to be obtaineid ■ 
right angle. 
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’Right Oirolb. A circle drawn at right angles with the plane projection. 

‘ Right Linev ^A line perfectly straight. 

Riser. The upright face of a step, from tread to tread. 

Rising Hinge. A hinge so formed as to raise the door as it opens, that it may pass oyer a 
carpet or mat ; and thus haring an inclination causing the door to close of itself. See 
Saddle. 

..Rivet. RirETiNO* A small boR of metal forged with a head. When required for use 
in joining plates together, or a plate with an anglt iron as4n a girder, tiie bolt is (made 
red hot, placed into the iioles prepared for it, and maintained there by one penou, 
whilst another hammers- at the opposite end until its superabundant length haS bSen 
driven flat against the plate. Such work is called, rivetia. See Angle Iron. - 
Rg4D Rolling machine. Two ste^im locomotives, iurented respectively by Lemoine and 
Ballaison, the latter having beeu approved as the better of the two, have been lately 
employed in Paris to crush and consolidate the broken granite laid on the roadways in 
' that city. This machine has two rollers, the engine being placed between, and the 
boiler on one of them. With fuel and water, the weight of the Ballaison steam roller 
is 13i tons with springs ; and an iron framework lt5i strength is 10 horse- 

power, and its consumption of coal about 16 lb. per horse. It does its work in half the 
time and at half the co-t tlhit would be required were the work done by rollers dniM’u 
by horses, besides that it is performed more rapidly and completely. Over the Pont 
Royal, the roadway was covered with granite at ten o’clock in the evening, the rolling con- 
tinued all night, and the roadway opened for traffic in the morning. 

Roadway. In relation to any road, passage, tr way, the word shall mean the whole 
space open for traffic, whether carriage traffic and foot traffic, or foot traffic only. 
Metropolis Management and Building Acts Amendment Act, 1878. Street. 

Rocking Sto.ne, or Logan. A large rough stone so placed on a small part of its bed that 
it can be moved to and fro with a slight force. It is classed in the Celtic period. 
Rococo. A debased variety of the Louis XV. style of ornament. It is also applied to 
anything bad or tasteless in decoration. 

Rod. A measure of length equal to 16i feet. A square rod is the usual measure of 
brickwork, and is equal to 272^ square feet, and in London is calculated at 1^ bricks in 

Rfllr Stone or Oolite. A kind of lime.stone, found under chalk in various parts of England, 
^lioix. A piece of wood prepared f( r the plqmber to turn the lead over it, where the sheets 
join, so as to protect the flat roof or eage from the admission of water. 

Roll Moulding. A moulding in the shape of a cylinder. It occurs chiefly in the 
’ Early Rnglish and Decorated periods of Gothic architecture. When it has a slight 
edge at one part, it is a acroll or edge moulding, or a rceeant lorymcr. When there is a 
fillet, it Is a roll and fillet moulding ; tin's is seeu in the Decorated period. See Keel. 
Rolls or iloLLEES. Among workmen are plain cylinders of wood, seven or eight inches 
diameter and three flour feet long, used for the purpose of moving large stones, 
beams, and other iMa'\*y weights. They are placed successively under the fore part of 
the masses to be removed, and at the seme time are pushed forward by lovers applied 
behind. When blocks of marble, or other very heavy weights, are to be moved, they 
use what are called endless rolls. Those, to gi\e them the greater force and prevent 
their bursting, are made of wood joined together by cross-quarters, double the length 
and thickness of the common rollers, and girt with iron hoops at each end. At a foot 
from the ends are two mortises pierced through and through, into which are put the 
ends of long levers, which the workmen draw by ropes fastened to the ends, still 
changing the mortise as the roll has made a quarter of a turn. 

Roman Architecture. The style adopted by the ancient Romans from that of the 
Grefks. It was based upon the principle of the round arch. 

Roman Cbment. The common name for Parker’s cement. It is now very often called 
“ brown cement,” to distinguish it from Portland or “ white cement.” 

Roman Order. The same as Composite O^kr. 

XloMANBSQUE Architecture. The style which was based upon a Roman form, and which 
led pn to the Pointed or mediteyal styles. There are many varieties of Romanesque, as 
Lombard, Rhenish, French, and English Norman, &c., each having its own independent 
developments.^ 

Rood. (Sax. Robe.) A cross, crucifix, or figure of Christ <m the cross plwed in a church. 
The holy rood was one, generally as large as life, elevated at the junction of the nave 
and cl^oir, and facing to the western entrance of the church. The rood loft was the 
gallery on which the rood and its appendi^s were placed. This loft, or gallery, was 
comnmnly placed over the chancel screen in parish churches. In Protestant catharsis 
the organ usod to occupy the original place of the rood loft, but is now almost alway# 
placed on the North side of the cban^» The rood tower or steeple was that vyhich 
interseetion of the nave witii the transepts. 
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Rood. A meamire oquaI to 36 saoare yardu, l>j *which rabUe masonij is Talued In Soot* 
land. Rubble walls at and below 18 inches thick are reduc<Hl to one foot ; and above 
18 inches thi(^t to 2 feet. It is also a measure of land. See Measurb, 

Roof. The coverbg to a building. 

Boofino. The assemblage of timbers, and covering of a roof whose pitch in this climate, 
for diflerent coverings, is shown in the following table : — (See table 20406.) 


Species of Ooreiing. 

Inollnatloo to the Horison. 

Height of Roof in Fart of the 

Copper or lead 

- 

8® 

60 

- 

- one forty-eighth. 

Large slates 

•• 

22 

0 

• 

• oue-fiflh. 

Common slates 

• 

26 

83 

• 

- one-quarter. 

Stone slates • 

• 

29 

41 

• 

two-sevenths. 

Plain tiles 

«• 

29 

41 


- two-sevenths. 

Pan tiles *• • 

• 

24 

0 

• 

- two-ninths. 

Thatch 

• 

45 

0 

.. 

- one-half. 


Roox. ^Sai. Rum.) An interior space or division of a house, separated from the 
remainder of it by walls or partitions, and entered b^ a doorway. Habitable Room. 

Rose or Rosette. An ornament of frequent use m architectural decorations. The 
centre of the face of the abacus in the Corinthian capital is decorated with what is 
called a rose. 

Rose Window. A circular window with compartments of tracery not branching from a 
centre. The illustration {Jig, 1437) is an outline from Lincoln Cathedral. Other 
examples may be seen at St. Ouen at 
Rouen, and at Beauvais in the south 
transept. See Book III., Chap. IIL, 

Sect, 14. 

Rostrum. (Lat.) Literally, the beak of 
a bird ; also the beak or fore-part of a 
ship. The elevated platform in the 
Forum of ancient Rome, whence the 
orators addressed the people, so called 
from its basement being decorated with 
the prows of ships. The term is now 
used generally to signify a platform or 
elevated spot from which a speaker 
addresses his audience. 

Rot. See Dry Rot. 

Rotunda or Rotondo, (Ital.) A building 
circular on the interior and exterior, 
such as the Pantheon at Rome. See 
Circular Buhdings. 

Rough-cast. A species of plastering used 
on external walls, consisting of a mixture 
of lime, small shells or pebbles, occa- 
sionally fragments of glass and similar 
materials. This is usually applied to cottages. 

R)UNd Church or Buildiko. See Circular Buildings. 

RuBBiNa or Polishing. Erasing the tool marks (after hoastwg or scobllwg) on the face 
of a stone, by the agency of a piece of Yorkshire, or grit, stone, used as a rubber, first 
with sand and water, and then with water only, by which a smooth surface is obtained, 
rendering the stone less liable to be affected by the atmosphere. 

Bubble Work. Walls built of rag or rubble stones, in coursed or uncourse<l work. In 
the former, the stones are roughly dressed, and laid in courses of equal height ; in the 
latter they are used as they occur, small and larw stones together as they may fit in. 
This last is more ^plicable to Gothic than to Ituian architecture. See Masonry. 

Rudbnturb. (Lat. Rudis, a rope.) The same as Cabling. 

Kudsration. (Lat. Ruderatio.) A method of laying pavements, mentioned by Vitm* 
vius, and according to some, of building walls with rough pebbles and mortar, ^e 
mortar called statumm by Vitruvius was made of lime and sand. 

Rule. An instrument for measuring short lengths. Of roles there are various sorts, each 
adapted to the class of artificers for whose use tbe^ are made. Thus, there are stone* 
cutters* rules, masons* rules, carpenters* rules, slimng rules, parallel rules, &e. The 
sliding rule is, however, of more general use, as it solves by inspection a number of 
questions from the change of the potion of the slider, and therefore of much importance 
to the less educated artisan. 

Rural Abchttbcturs. A style of architecture suited for country plaeosj and not strictly 
conforming to any rules but that, perhaps, of the picturesque. 
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Rt)8811N Abchitbctttrb. The ancient hnlldings aie designed after the Byzantine school 
of art ; the modem ones after the German, French, and Italian masters. 

Kctssian Cross of the Greek Church. See Cross. 

Rustic Ordrr. A species of work where the faces of the stones are hiitched or picked 
with the point of a hammer. 

Rustic Quoins or Coins. The stones placed on the external angles of a huilding project- 
ing beyond the naked of the wall. The edges are beyolled, or more or less m^ded, or 
the margins recessed in a plane parallel to the face or plane of the wall. 

Rustic Work. A mode of building masonry wherein the faces of the stones are left 
rough, the sides only being wrought smooth where the union of the stones takes place. 
It was a method much practised at an early period, and re-introduced by Brunelleschi 
at the revival of the arts. The most common sorts of rustic work are the froittdt which 
has the margins of the stones reduced to a plane parallel to that of the wall, the 
intermediate parts having an irregular surface; rustic work, wherein the 

intermediate parts present the appearance of having been worm-eaten; chamfered 
rustic work, in which the face of the stones being smoothed and made parallel to the 
surface of the wall, and the angles bevelled to an angle of one hundred and thirty-five 
degrees, with the face of the stone, where they are set in the wall, the bevel of the two 
adjacent stones forms an internal right angle. 

Rybat. The Scottish term for a Reveal. 


S 

Sacellum. (Lat.) In ancient Roman architecture, a small inclosed space witliout a roof. 
Small sacella, too, were used among the Egyptians, attached frequently to the larger 
temples. In old church architecture, the term signifies a monumental chapel within a 
church, also a small chapel in a village. 

Sacrarium. (Lat.) A small sacred apartment in a Roman house, devoted to a particnlar 
deity ; also the cetla^ peneiraie or adytum of a temple. The name is now given to the 
place in a chancel enclosed by the altar rails : also called “ Sanctuary.” 

Sacristy. A vestry attached to a church, in which the vestments, plate, and other 
furniture used in divine worship are kept. It was anciently called Diaconicum. 

Saddle. A thin board of wood, placed on the floor in the opening of a doorway, the 
width of the jambs. The door being made to shut upon this piece of wood passes clear 
over the carpet, and does not therefore require rising hinges, used for acliieving the 
same object. 

Saddle-backed Coping. See Coping. 

Saddle-back Roof. A tower having a top in the form of a common roof-gjiblo. This 
form appears on a few old English towers (as at Brookthorpe Church, Northampton- 
shire, cir, 1260), and in many Continental churches. 

Sag or Saooino. The bending of a body by its own weight when resting inclined or 
horizontally on its ends. 

Sagitta. (Lat, an arrow.) A name aometimes applied to the keystone of an arch. In 
geometry, it is often employed to signify the abscissa of a curve ; and in trigonometry 
it is the versed sine of an arc, which, as it were, stands like a dart upon the chord. 

Sail over. See Projectu^ 

Saint. See Symbols of Saints. 

Saliant. (Fr.^ A term used in resect of a projection of any part or member. 

Sally. A projecture. The end of a piece of timber cut with an interior angle formed 
by two planes acrccs the fibres. Thus the feet of common rafters, and the inclined 
pieces which support the flying steps of a wooden stair, are frequently cut; as are, like- 
wise, the lower ends of all inclined timbers which rest upon plates or beams. 

Salon, or Saloon. (Fr.) A Joftv and s^cious apartment, frequently vaulted at top, 
and usually comprehending the height of two floors with two tiers of windows. Its 
place is commonly in the middle of a building, when it is sometimes lit from ^e top ; 
or at the head of a gallery, etc. In palaces it is the state room. 

Sanatary measures. Precautions taken for curing diseases. 

Sakcte-bell Cot. A small erection at the east end of the nave for the reception of the 
bell that gives notice of the Sanctua being commenced, and also to warn the people of 
the approaching elevation of the Host. 

Sanctuary. The extreme eastern part of the chanool, containing the communion tahle» 
seats for the clergy, &c. See Sacrarium. 

Sanitort measures. Precautions taken for preserving the health. 

Sand. There are three sorts, river, sea, and pit sand They are mixed with Rme and 
cement i n varying proportions. When they can be only procured mixed with earthy and 
clayey partieles, tney must be repeatedly washed until the sand becomes Jbright im 
j finffers. Sea sand mtiit be very well washed in £r^ 
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water, and it is doabted by some practitioners whether it can ererbe freed from parucles: 
of salt, which would prevent the plaster or cement drying. 

Sandstonb. In mineralogy, a stone principally composed of grains, or particles of sand, 
either united with other mineral substances or adhering without any visible cement. 
The grains or particles of sandstone are generally quartz, sometimes intermixed with 
feldspar or particles of slate. When lime is the cementing matter the stone is calletl 
• C 4 ilcareoiis sandstone. The cementing matter is not unfrcquently oxide of iron inter- 
mixed with alumine. The particles of stind in these stones are of various sizes, some 
being so small as to be scarcely visible. 

Sap. The juice or pith of trees that rises from the earth and ascends into the arms, 

. branches, and leaves, to feed and nourish therp. Also that part of the stem or wood of 
the body of a tree that is soft, white, etc. The term is used also as a verb, to denote 
the undermining a wall by digging a trench under it. 

Saracsnig Architb('turk. See Moke^qttb Abciiitkctubb. 

Sarcophaous. flesh, and ipayia, to eat.) A tomb or coffin made of one stone. From 

Pliny it appear-* to liave l>een originally applied as the name of a stone found in. the 
Tro^, which, from its powerful causiic qualities, was selected for the construction of 
tombs. From its frequent application to this purpose the name became at length used 
for the tomb itself. Sarcophagi wore made of stone, marble, alabaster, porphyry, etc. 
The Greeks sometimes made them of hard wood, as oak, cedar, or cypress, which resisted 
moisture ; sometimes of terra cottii, and eveu of metal. The form was usually a long 
square, the angle being rounded. The lid varied both in shape and ornament. Those 
of the primitive Christians often enclosed several corpses, and were ornamented with 
several sots of bassi relievi. Those of higher antiquity were frequently sculptured with 
great taste and beauty of design, the figures being those of the deceasofl, or parties con- 
nected with them, allegorical or mytliological. The Egyptian sarcophagi are sculp- 
tured with hieroglyphics. Those of the Greeks and Romans sometimes represent Sleep 
and Death with their legs crossed, one hand supporting rho head and the other holding 
an inverted torch ; sometimes Mercury is represented conducting the Souls, and Charon 
ferrying them over in his barque. Occasionally groups of bacchanals and bacchic scenes 
are found upon them. 

Sarkino. Thin boards for lining, etc. Boarding for slating is so called in Scotland. 

Sash. (Fr. Chassis, a frame ; more probably the Dutch Sas, a gate.) A frame for 
holding the glass of windows, and so formed as to be raised and depressed by means of 
pulleys. Sashes are single or double hung ; the casement is hung with hinges. 

Sash Framb. The frame in which the saslies are fitted for the convenience of sliding up 
and down. See Caskmknt. 

Sash lines. The rope by wliicli a sash is suspended in its frame. They are often madf 
of common cord, which soon untwists and breaks ; tlio “imperial patent flax sash lines” 
are made in four qualities. The sash lines made of jute have neitlier strength nor 
durability. The modern brass chains are liable to break wdth sudden jerks. 

Saw. (Dutch, Sawe.) A tool made of a thin plate of steel, formed on the edge into 
regular teeth for cutting wood, stone, etc. Saws are of various kinds. 

Saw-pit. A pit exca^ated for sa^ving timber. Tlie sawing is performed by two persons 
called sawyers, one standing above and the other below. Much of the labour, however, 
is saved by the use of a saw-mill, or machine moving a circular saw, which by its 
revolutions and keeping the timber close up, performs the work quicker and better than 
can be done by the labour just described. 

Saxon Architbctdbj:. The term used to designate the early architecture used in England 
bef»)re the introduction of the Romanesque or Norman. The long and short work is 
considered the mode of building of that period. See >’( 9 ' 1412. 

ScABKLLUM. (Lat.) A species ot pedestal anciently used to support busts or statues. It 
was high in proportion to its breadth, ending in a kind of sheath, or in the manner of a 
baluster. 

Scaffold. (Fr. Echaufaud.) An assemblage of planks or boards sustained by pieces of 
wood called putlogs or putlocks placed on others called Lbdobrs, which are made fast 
to vertical poles called standards, by means of which workmen carry up a building of 
b|dck, or plasterers complete their work in the interior of houses. Stone-faced bmjd- 
ings have an inner and outer series of standards and ledgers, so that the work shall not 
l>e injured. Framed scaffolding is much used in large works, which is formed of square 
timbers, and on these a tram is placed for a moveable platform, or a steam crane. 
Suspended scaffolds are useful in repairing or painting a front. They are formed of a 
sort of open trough for the workmeu to stand in, who raise and lower it by means of 
ropes attired to pulleys fixed at the end of beams secured out of upper windows or to 
the roof. 

Bcaoliola. (Ital.^ A species of plaster or stucco invented at Carpi, in the etate pf 
ModenAi bv Guido Sassi. between IfiOd and 1649. It is sometimes called rrAsokia fmm 
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the mixture of colours introduced in it. It whs not, however, till the middle of the 
eighteenth century that the art of making scagliola was brought to perfection. It is 
UMed to decorate the walls of a staircase, and for columns and pila^rs-to a room. 
When well done it resembles marbles of great beauty, and to great perfection, and the 
bcMst can be obtained at a less cost than the real marble., 

ScALS. (Sax.) A line divided into a certain number of equal parts, usually on wood, 
ivory, or metal, for laying down dimensions in matbematicHl and architectaml 
drawing. There are various sorts of scales; as, the plane scale, Gunters scale ^ 
« diagonal scale, &c. 

ScALKNB Teianolb. (SnaXiTvoy, oblique.) In geometry, one whose sides are all unequaL 

Scale Paper. Paper having woven in it divisions at certain distances ; or it is so plre- 
pared by printing the divisions upon it. It can be used for writing, squaring dimen- 
sions, or even for drawing in proportionate parts, or axial lines, a system of designing 
used by Bramante and other early Italian artists. * 

ScALLAOE or ScALLBNQB. A term used in Herefordshire and the west of England for a 
lychgate. 

Scalptueathm, Opus. According to Pliny it resembled inlaid work, the pattern beiB|[ 
chiselled out of the solid ground, and filled up with thin lea^'ea of coloured marble; 
A beautiful example was found at Pompeii ; it was first introduced into Italy after the 
beginning of the third Punic war, b.c. 147-103. 

ScAMiLLi iMPARBs. A term used by Vitruvius, which has puzzled all the commentators 
until the investigations of Mr. Penrose, when he found that the horizontal lines of the 
Parthenon w^e inclined almost imperceptibly from the ends to the centre. These 
slight risings are held to explain the term. See Hoooimo. The term whs formerly 
supposed to mean a small plinth below the bases of the Ionic and Corinthian 
columns. 

ScANDUL.«. (Lat) In early buildings of the Romans, shingles or fiat pieces of wood 
used for covering instead of tiles. According to Cornelius Nepos, this was the only 
covering used in Rome till the war with Pyrrhus in the 470th year of the city. 

Scantier. A gauge for regulating the proper length of slates. 

8cantj.ino. (Fr.) The dimensions of a piece of timber in breadth and thickness. It is 
also a term u^ed to denote a piece of timber, as of quartering in a partition, when under 
‘ five inches square, or the rafter, purlin, or pole plate of a roof. In masonry, scantling 
is the length, breadth, and thickness of a stone. 

Scape or Scapus. (Gr.) The shaft of a column; also the little hollow, above or below, 
which connects the shaft with the base, or with the fillet under the astragal. 

ScAPUNO or ScABBLiNO. A method of tooling the face of a stone. 

ScARFiNO. The joining of two pieces of timber transversely together, so that the two 
appear but one. Large timbers are likewise bolted together. 

Scene. (Gr. Strictly an alley or rural portico for shade or shelter, wherein, 

according to Cassiodorus, t heatrical pieces were first represented. When first applied to 
a theatre, it signiticMl the wall forming the back of the stage, but aftervrards came tn 
mean the whole stage, and is now restricted to the representation of the place in which 
the drama represents the action, Accorcing to Vitruvius, the Greek scene was occupied 
in the middle by a great door, called the royal door, because decorated as the gate of ti 
palace. At the s'des were smaller doors, called hoi*pitalia, because representing tha 
entrances to habitations destined for strangers, which the Greeks commonly placed on' 
the two sides of their houses. 

ScENouBAPHY. (Gr.) The method of representing solids in perspective. 

8c»kdui.b of Prices. A document formiiig part of a contract, and intended to be used 
for ascertaining (after execution) the sum to be paid for works performed, whether by 
measurement or by daywork. Where a “ bill of quantities ” has not been prepared, or 
where the extent of work cannot he exactly settled beforehand, a schedule is usually 
adopied. For certain works a schedule is fully priced out, and tenders invited at a 
percentage above or below such prices, either over the whole, or on or off each parti- 
cular trade. 

Scheme or Sicene Arch. One which is a segment of a circle. 

ScHRNE. (Gr.) The peprtsentation of any design or geometrical figure by lines so as to 
make it comprehensible. 

^HOLiuM. In mathematics, a remark after the demonstration of a proposition, showing 
how it may be done some other way, or giving some advice or precaution to prevent 
mistakes, or adding some particular use or application thereof. 

(School of Art. See Oullbok and Museum. 

School. A building for elementaiy, practical, general, or special education, and preli- 
minary to university institution!^. In Germany, compulsory education is a fact, and 
abientees are fined. Thie schools are so arrang^ ^at a child can pursue a course, of • 
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next the Burgher ftch^le, at which children of the lower middle classes are educated ; 

J e Beabchulen, consisting of three kinds of instruction ; the Practical school, in which 
ientific subjects are taught ; then the Gymnasium, which forms a stepping-stone to 
e University or the Polytedinic school, to qualify for any business or piofession. 
QBAPRT or tooGSAPHT. (Qr. X(ia, a shadow, and Tpwpw, 1 describe.) The doctrine 
of projecting shadoivs as they fell in nature. 

ScoRcuBOH. (Fr. ]^in 9 on.) The portion of the side of an aperture, from the back of 
the jamb or rereal, to the interior of the wall. 

Scotia. (Gr. SicoTia, darkness.) The hollow moulding in the base of a column between 
the fillets of the tori. It receives the name from being so much in shadow. The scotia 
was, from its resemblance to a pulley, called also rpoxi^os^ It is most frequently 
formed by the junction of arcs of different radii, but it ought rather to be profiled us a 
portion of an ellipsis. 

Scratch Work. (It SgraflSata.) A coloured plaster being laid on the face of the build- 
ing, it is covered with a white one, which being scratched througli to any design with an 
iron bodkin, the coloured work appears through and makes the contrast. It is an Italian 
method of decorating a plain sui^ce, and is now being much carried out in England. 
ScsRBO. In plastering or cementing large spaces, a ledge of about 4 inches and of the 
pwper thickness is carefully formed, every 4, 6, or 6 feet apart, to form a gauge for the 
remainder of the work, which is then appli^ in the panel, a long fiott being worked 
over it, forcing off the superfluous plaster, and a clear and even face is obtained. 
ScRBBK. (Lat. Excemo.) An instrument used in making mortar, consisting of three 
wooden ledges joined to a rectangular frame at the bottom, the upperspart of which 
frame is filled with wire-work for sifting the sand or lime. This term is used in eccle- 
siastical architecture to denote a partition of wood, stone, or metal, usually so placed 
in a church as to chut out an aisle from the choir, .i private chapel from a transept, the 
nave from the choir, the high altar from the east end of the building, or an altar tomb 
from a public passage of the church. In the form and ornamental detail of screens, the 
ancient artists appear to have almost exhausted fancy, ingenuiry, and taste. 

ScRBW. (Dutch, Scroeve.) One of the six mechanical powers, chiefly used in pressing or 
squeezing bodies close, though sometimes also in raising weights, as a screw-jack. 
Scribing. Fitting the edge of a board to a surface not accurately plane, as the skirting 
of a room to a floor. In joinery, it is the fitting one piece to another, so that their fibres 
may be perpendicular to ^h other, the two edges being cut to an angle to join. 
Scroll. A convolved or spiral ornament variously introduced. 

Also the volutes of the Ionic and Corinthian capital. The 
subjoined woodcut is called a Vitruvian scroll. 

Scullery. The apartment for washing up dishes and utensils 
wherein the scullion works. 


ScruJ-PTURB. (Lat Sculpo, to carve.) The art of imitating forms by chiselling and work- 
ing away solid substances. It is also used to denote the carved work itself. Properly, 
the word includes works in clay, wax, wood, metal, and stone ; but it is generally re- 
stricted to those of the last material, the terms fnodellin^t casting f and carving being 
applied to the others. See Frieze, Pediment, and Metop.s. 

Sealing. The fixing a piece of wood or iron on a wall with plaster, mortar, cement, lead 
or other binding, fer staples, hinges, joints, &c. 

Seasoned Timber. Timber that has undergone a prd^ process of air or hot ah* d]:^iBg 
BO as to render it fit to be used in building. ^ 

Secant. (Lat.) A line that cuts another. In trigonometry, the secant is a line draUm 
to the centre from some point in the tangent, which consequently cuts the circle. 

Sbcos. (Gr.) See Adytum. 

Section of a Building. A geometrical representation of it as divided or separated into 
two parts by a vertical plane, to show and explain the construction of the interior. The 
section not only includes the parts that are separated, but also the elevation of the 
receding parts, and ought to be so taken as to show the greatest number of parts, and 
those of the most difficult construction. Of every building at least two sections should 
be made at right angles to one another, and parallel to the sides. A section of the 
flues should also be made, in order to avoid placing; timbers near them. 

Section of a Solid. The plane of separation dividing one part from the other. It if 
understood to be always a plane surface. 

Sector. An instrument for measuring or laying off angles, and dividing lines and circles 
into equal parts. 

Sector of a Oirclb. The space comprehended between two radii and the arc terminated 
by them. 

SedilIa. (Lat.) Seats recessed in the south wall of the sanctuary of a church, and 
formerly provided for the clergy in the sacrifice of the mass, during that part of tbs 
office in which the ** Gloria’’ and ** Credo” are sung. They are now also provided in 
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churchog for t}ie officiating clergy, usually tbre6->pnest, deacon and fub* 

deacon. 

SaoMnin' of a Spherf. A portion cut off by a plane in any part except the centre, ao that 
the base of sucli segment must be always a circle, and its surface a part of the sphere. 

Sroisent. (Lat.) A part cut off from anything. Thus, 1438 snows a segmental 
arch. The area contained by the arc of a circle and a chord. 

In the segment of a circle the chord of the arc is called 
tlie base of the segment, and the height of the arc the 
height of the segment. 

Sell. See Ciix and Apertuhb. 

Semicircxb. The half of a circle contained by the diameter 
and circumference. 

Sbkictrcttlar Arches. Tliose whose arcs are ficmicirciilar, as 
in 1489. 

Sepulchre. (Lnt. Sepcllrc, to bury.) A grave, tomb, or place 
of interment. The cenotaph was an empty sepulchre 
raised in honour of a person who had had no burial. See 
Easter, or Holt Sepulchre ; and Mausoleum. 

Shraolio. (Pore. Serai.) A large hall or house. The palace 
of an Eastern prince, but more particularly that in which 
the females are lodged. 

Serpentine. See Porphyry. 

Sesquialteral. In the proportion of one and a half. 

Sksspool. See Cesspooj.. 

Sett. In piling, a piece placed temporarily on flie 
liead of a pile which cannot be reached by the monkey 
or weight from some intervening matter. 

Setting. 'Jhe hardening of mortars and cements. 

The term is also used in. masonry for fixing stones 
in wal's or vaults, in which the greatest care sliould • 

be taken that the stones rest firmly on their beds, and that their faces bo ranged in th# 
proper surface of the work. 

Setting-out Rod. One used by joiners for setting-out frames, as of windows, doors, &c. 

Settlements. Those parts in which failures by sinking in a building have occurred. 

Sett-off. The projecting part between the upper and lower portion of a wall where it 
diminishes in thickness. 

Shvery. A compartment or division of scaffolding. It is also a separate portion or divi- 
sion of a building corresponding with the modern term compartment, being as it were 
severed or divided. 

Sewer. A large drain or conduit for carrying off soil or water from any place. 

Sexagesimal. The division of a line, first into sixty parts, then each of these again into 
sixty, and so on, as long as division can be made. It is principally used in dividing the 
circumference of a circle. 

Sgraffito (Ttal.) See Scratch Work. 

Shadows and Shadowing, In drawing, the art of correctly casting the shades of objects 
and representing their degrees of shade. 

Shaft. The cylindrical part, or rather body, of a column, between the base and the 
capital. It is. properly, the frustum of a conoid, and is also called the fust, trupJe, or 
body of the column. The term is also applied to the pier supporting arches in medimval 
architecture, ns in the nave of a church. 

Shaft of a Chimney. See Chimney. 

Shaft of a King Post, The part between ihejoagles. 

Shake. A fissure or rent in timber by its being aried too suddenly, or exposed to too 
great heat. Any timber, when naturally full of slits or clefts, is said to to l»e shaky* 

Shamble. The old name for a place for slaughtering cattle, now called afniftoir. 

Shank. (Sax.) The space between two channels of the Doric trigl^-ph, sometimes called 
the leg of the triglyph. The Romans called the shank, ./ewRr. 

Shearing, The action of cutting short off, as a pair of scissors acts upon paper. It is 
applied to a plate of metal acting upon a bolt or rivet. 

Sbemi Glass. Glass blown into a “ muff,*’ which is slit on one side, and opened out flat. 
A superior sort of sheet glass is “ flattened ” by a rubbing whiUt it is in the annealiug 
kiln, and hence its name. 

Sheet Lead. Lead cast into a sheet, in contradistinction to lead rolled out by a mill. 

Shki.f. (^.) A board fixed against a wall, the upper side being horisontal, for receiving 
whatever may be placed upon it. A shelf is usually supported by brackets, or by pieces 

, at the end, called tiandaris. See Sunk Shelf. 

Bhitj*. Slate broken into small pieces, as employed for mending roads in Cornwall. 
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S^iriKOtKS^ Bchii^de}.) lioo^e 6t/>oe8 sifted iVom gravel for making conerete. Also 

the small slab of oak bark or split pieces of ^nrood, us^ instead of tiles in former times, 
and still usually so empleyeti in the babkwoods of America apd other couatries. They 
. are about eight to twelve inches long, and about four inches broad, thicker on one edge 
than the other. The process of making a roof of this kind is call^ shingling, 

§HOK. The inclined piece at the bottom of a rain-water pipe for turning the course of the 
water, and discharging it from the wall of a building. 

Shootiko. Planing the edge of a board straight, and out of winding. 

^HOOTING Boards. Two boards joined together, with their sides lapped upon each otlier, 
so as to form a rebate for making short joints. 
hiORS, or Shoah. (Sax.) A prop or oblique timber acting as a brace on the side of a 
building, the upper end resting against that part of the wall upon which the floor is 
supported, and both ends received b}' plates or beams. A dead shore is an upright 
piece built up in a wall that has been cut or broken through for the purpose of making 
sotne alterations in the building. The terms “ neetlle,” “ tossle,” “joggle,” and “ stud ** 
arc used among workmen to denote the piece of wood inserted in a wall above the head 
of a raking shore. A waling” is a piece of timber placed borizootallj against the 
side of a trench and stnitted across it ; a setting” is a rectangular frame holding all 
four bides of an excavation. “ Cle^idings ” used with “ settings ” s.-rve the same pur-» 
pose as “ poling boards ” in connection with walings. 

Shoulder of a Tenon. The plane transverse to the length of a piece of timber from which 
the tenon projects. It should be at right angles to the length, though it d^es not 
always lie in the plane as here defined, but sometimes in different planes. 

Shouldering. In slating, a fillet of haired lime laid upon the upper edge of the smaller 
and thicker kinds of bJates, to raise them and prevent their being open at the lap ; it 
also makes the joint weathertiglit. Sometimes the whole surface under the heads of 
any sized slates is so done, to prevent tlie slates cracking when stepped on. 

SuRKAD Head. The same as Jerkin Head. 

Shreddinos or Furrinos. In old buil lings, short slight pieces of timber fixed as bearers 
below the roof, forming a straight line with the upper side of the rafters. Tilting fillet. 
SuBiNE. (Sax. Scpin.) A desk or oibinet ; a case or box, particularly one in which sacred 
things are deposited : hence applied to a reliquary and to the tomb of a canonised per- 
S'ln. The altar is sometimes called a shrine. 

SuHiNKiNO. The contraction of a piece of timber in its breadth by drying. The length 
does not change. Bence in unseasoned timber mitred together, such as the architraves 
of doors and windows, the mitres are always close on the outside and open to the door, 
forming a wedge-like hollow on each side of the frame. Narrow boards called battens 
are used in floors, as the shrinking, if any, is less. 

Shutters. The framed boards which shut up the aperture of a window, or of a light. 
SiD^ Po*sTfl. Truss posts placed in pairs, disposed at the same distance from the middld 
of the truss, Their use is not only to dupport the principal rafters, &c., but to suspend 
the tie brm below In extrndcKl roofs two or three pair of side posts are used. 

Side Timbers or Side Wavers. The same as purlins, the first term being used in 
Somersetshire and the last in Lincolnshire. 

Sii icATE Cotton or Slag Wool. A pure mineral fibre made from blast furnace sUgt 
It is white and like spun glass. It is extremely light, a cube foot weighs only from 
16 to 18 lbs., and one ton covers about 1800 to 2,400 square feet one inch thick. It 
is a good fion-conductor of heat and sound. 

Sill. See Cill and Aperture. 

Silt. The muddy deposit of standing water, 

Sima. See Cybia. ^ 

Similar Figures. Those wliose several angles are respecti vely equal, and tne sides about 
' the equal angles proportional. ^ 

Sine. A right line arawn from one end of an arch perpendicular upon the diaflkar, or it 
is half the chord of twice thh arch. The sine of the complement of an arch is the 
sine of what the arch wants of ninety degrees. The versed sine is that part of the 
diameter comprehended between the arc and the sine. 

Single Frame, Single Joist, and Naked, Floor. One with only one tier of joists. 
Single Hung. An arrangement m a pair of window sashes, in which one only is movable. 
Single Mbasubb.. A term applied to a door that is square on both sides. Double 
measure if when the door is moulded on both sides. When doors are moulded on one 
side, and are square on the other, they are accounted measure and a half. 

Single Span Omubch. A church having a very wide nave. Such is the church of the 
Dominicans at Ghent, 1240-75, with a nave of 63 feet bStween the piers slightly pro- 
jecting from the Wall, covered by a wooden ^Ttulting on curves of 60 feet radius. (See 
par. 657,) The reader is referred to the journal, for 1867, pp. 661, 687 , 700 

716, for^many hotices of Such structures. ' 
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Sits. (iLat. The situation of a battdiug ; the plot of groabtj on which It stands. 

Skbw. The sloping top of a buttress where it slants off into a wall^or the coping of a gable. 
Bjibw Back. In a straiglit or curved arci»,.that part of it which recedes boyoud the 
springingfrom the vertical line of the opening. 

Skew Corbel. See Summer Stone. 

Skiffling. See Knobbling. 

Skiri'INg or Skirting Board. Tlie narrow board placed round the margin of a floor 
which, where there is a dado, forms a plinth for its base ; otherwise, it is a plinth for 
the room. itself. Skirting is either scribed close to the floor or let into it by a groove; 
in the former case a fillet is put at the back of ^e skirting to keep it firm. ^ 

Skirts. Several superficies in a plane, which would cover a body when turned up or 
down without overlapping. ^ 

Skirts oj a Roof. The projection of the eaves. ’ 

Skbekn. See Screen. 

Skviaght. a frame consisting of one or more inclined planes of glass, placed in a roof to; 

' light passages or rooms below. See Lantern light ; Lighting. ; 

Slab. An outside plank or board sawed from the sides of a timber tree, and frequently* 
of very unequal thickness. The word is also used to express a thin piece of marble, 
consi sling of riglit angles and plane surfaces. 

SiAB. front hear ihiii a fireplace. The Metropolitan Buildings Act, 1855, requires 

that “ There shall bo laid, level with the floor of every story, before the opening of 
every chimney, a slab of stone, slate, or other incombustible subsUince, at the least twelve 
inches longer than the width of such opening, and at the least oigliteen inches wide in 
front of the breast thereof : — That on every floor, except the lowest fl( or, such slab shall 
l>e laid wholly upon stone or iron bearers, or upon brick trimmers; but on the lowest 
fl(>or it may be bedded on the solid ground : — and That the hearth or slab of every 
chimney shall be bedded wholly on brick, stone, or other incombustible substance, and 
shall be solid for a thickness of seven incbos at the least beneath the upper surface of 
such hearth or slab.” Such precautions are too frequently neglected in country houses, 
to their ultimate destruction l)y fire. No timbers should bo placed under the heartlif 
on any account. See Timbers. 

Slate. A species of argillaceous stone, an abundant and very useful material. It can 
be sawn toa very large size or split into thin plates, of any required t hickness ; being non- 
absorbent it is used for roofing, and for water cisterns. There are varieties of blue, 
rod, and green in colour. 

Sjj^tkiis’ Work, Laying slates on roofs ; forming water cisterns ; and a few other 
matters connected therewith, constitute this arliticer’s work. See Shouij>erino. 
Sleepers. Horizontal timb‘^rs disposed in a building next to the ground trausvertely 
iiudor walls, ground joists, or the boarding of a floor. When us^ on piles they are 
luid upon them, and planked over to support the superincumbent walls. Underground 
joists either lie upon the solid earth, or are supported at Viirious parts by props of 
lirickwork or stones. When in the former position, having no rows of timber below,^ 
these ground joists are themselves called sleepers. Old writers on practictil nrehi- 
tf’ctiire call those rafters lying in the valley of a roof, sleepers ; but in this sense the 
word is now obsolete. 

Sliding Rule. One constructed with logarithmic lines, so that by means of another 
scale sliding on it, various arithnotical operations are performed merely by inspection. 
Slit Deal. S« e Bo^ril 

Slope of a Roof. ^ See Roofing ; and Pitch. Of a Road, see Gradient. 

Sj.uicb. a slop against water for the dminage or supply with water of a place. It U 
liung with hinges from the top edge when used merely ax a stop against the water of a 
river : but when made f )r supply as well, it moves vertically in the groove of its frame 
by means of a wiiuih, and is then called a penstock. J 

Smithert. The art of uniting several lumps of iron into one lump or mass, and forming 
them into any desired shape. The Foundry is a branch of it. 

Smoothing Plank. The plane last used by the joiner to give the utmost degree of smooth- 
ness to the surface of the wood, and is chiefly for cleaning off finished work. It 
is inches long, 3 inches broad, and 2} inches in breadth. 

Snackkt. a provincial term for tlie hasp of a casement. 

Snipe’s BiIl Plane. One with a sharp arris for getting out the quirks of mouldings. ' 
Socket Chisel. A strong tool used by carpenters for mortising, and worked with a mallet. 
Socle or Zoclil^ (It.) A square member of less height than its horizontal dimension, 

■ serving to raise pedestals, or to support vases, &:c. The socle is sometimes continued 
round a building, and is then called a continued socle. It 1ms nether base nor cornice. 
SoFFiTA, Soffit, or Sofitb. (Ital.) A ceiling ; the lower surface of a vault or arch, A 
‘ term denoting the imder bortsontal face of the nrchitrave between columns ; tlie under 
surface the corona of a cornice. 
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Soils. A provin^al term^ chiefly, howerer, used in the north, signifying the prineipnl 
rafters of a roof. 

SoLiB, or SoLLAS. A mediseral term for an upper chamber : a loft. 

Boldbr. a soft metallic composition used in joining together or Bnldering metals. See 
BsAzina and Wbldino. 

Solid. (Lat) In geometry, U body which has length, breadth, and thickness : that is, it 
is terminated or contained under one or more plane surfaCesas a surface is under one or 
more lines. Regular solids are such as are terminated by equal and similar planes, so 
that the apex of their soli^ angles may be inscribed in a sphere. 

Solid Angles. An angle formed by three or more angles in a point, and of which the 
sum of all the plane angles is less than three hundred and sixty degree* otherwise they 
would constitute the plane of k circle and not of a solid. 

Solid Shoot. See Water-Shoot. 

SOMMERIKG. See SUMHBRINO. 

SoRTANT Angle. The same as SAUkrr Angle. 

Sound-board. The canopy or type 4pced orcr a pulpit, to reverberate the voice of the speaker. 

Sound-boarding. In floors, consiits of short boards placed transversely between the joists, 
and supported by flUets fixed to the sides of the latter for holding pugging, which is any 
substance that will prevent the transmissiou of sound from one story to another, such 
as a mixture of mortar and chopped straw, or sawdust. The narrower the sound-boards the 
better; the fillets on which they rest may be three-quarters of a& inch thick and about 
an inch wide, nailed to the joists at intervals of a fiiMt. It has been suggested to put 
an india-rubber washer of about the same width as the joist, between the ceiling joist 
and the joist, having a thickneps of half an inch when properly screwed up, to efTact the 
same object. See Warding fob Pugging. 

Souse, (Fr.) or Source. A support or under prop. 

Spalls. Stone broken up into shapeless lumps. “8pawlM masonry*? in Ireland, cnnsis^s 
of these lumps, about 6 to 14 inches, worked up in a wall, the joints of each stone 
matching those of the cth'^rs around it ; the faces of the stones are usually rough dresst-d 
with the hammer. It is the “uncoursed rubble work” of England. See Spawlkd. 

Span. An imj^inary line across the opening of an arch or roi by which its extent is 
measured. wi 1th of a vault or arch between the springidf. 

Span Church. ^ ee Single Span Church. 

Span Roof. One coiwisting o'* two inclined sides, in contradistinction to a shed cr lean-to 
foof. It maybe with simple rafrers,with or witliout a collar beam, or when of increase 1 
span it may be trussed, the term mIj applying to the external part. 

Spandrel. The irregular triangulwwpace between the outer curve or extrados of an 
arch, a horizontil lino from its aj^x, and a perpendicular line from its springing. 
In medisev;!] architecture they are oflton filled witli figures, medallions, shields, as at 
York catbodiMl, or diaper work as at ’Westminster Abbey. In flic Italian style, they 
are often filled with figures, or compositions relating to the purposes for which the 
building is erected 

Spandrel 11r\cketing. A cradling of braclute fixed between on'' or more curves, each 
in a vortical plane, and in the circumferenc^P a circle whope plane is honzontil. 

Spanish A rchitmcturk. The style-s adopto I w'ure those introduced by the ancient liomans, 
the Moons, French and Geiinan medift*val practitioneW, and by the Italian masters 
brought i itoylie country iiy the monarchs and othc*rs. 

Spar-c^ieck. a name given in some phlces to the collar beam of a ruofc 

Spars Tlie comuion xifters of a roof for the suppoit of the tiling or ^^^^t^ng. 

8pa WLED. A t>lotk of stone after the chips or spa w Is Imve been knocked^ off. See Spaixh. 

Specification. A description at length of th<' materialtkand worluhanship to be used and 
employed in the erection of any building. 

Specific Gravity. A Mvityor weight of everj’ solid or fluWI compared with the weight 
of the same magnitude of rain water, which is chosen as the standH-f^ comparison, 
on account of its being subject to less variation in different eircumstaneee of time, 
place, &c., than any other solid or fluid. By a fortunate coincidience, at least to tlie 

^ philosopher, it happens that a cubic foot of rain water weighs 1,000 ounces 

avoirdupois ; consequently, assuming this as the specific gravity of rain water, and 
comparing all other bodies' wdth tins, the same numbers that exjpress the specific 
gmvi^ of bodies will at the same time express the weight of a cubic foot of each in 

* avoindi^is oitnces, which affords gre it facility to numerical eomputationa,, J^nce 
are rraaify deduced the iDlIowing laws of the specific pavity of bodies ' ‘ 

1. In Mies of equal magnitudes the specifie gravitijQS are directly as the we^glits or 
os their densities 2. In b^ies of the same stifle gmvifisa the weigf^ wlU m asibe 
magnitudes.' ^3. In bodies of |iqual weights tV speoifle gravities InVtmfy qi tho 
mognitudos. 4. ^ The weights of different bodtds sm Is oa^ oChW In Hsl ^onqippinid 
ratio of theif aud jpocffic gravftUst , 
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Thns, obrbus, that if of the magnftnde, ireight, and epeeifie glwrify of a boc^ 
any two be given, the third m^y be found ; and we may tbue arrive aC 4e magniinde A 
bodies which are tdb hr^lar to admit of the common hilee of meninration: or, hj 
knowing the specific gravity and magnitude^ we may find the weig^ of bodice which are 
too ponaerouti to be submitted to the action of the balance or steel yard ; or, lastly, the 
magnitude a^d weight being given, we may ascertain their iqaoelflo gravities. 

braous. (Lart;.| In aheieat architecture, the canal in which the water flowed in aque- 
ducts raised above the surface of the ground, ind constructed of hewn stone# or bricks. 
It was eovered a Tau|jb to preserve the crater fronrUhe sun, and from being mixed 
with rain water, ^e specus was sMnetimes covered wijth flat stones, liud horizoDtal}y» 
as in the Aqua Hartia, part of the Aqua ClaudiA, aiid tho aqu^hct of Segovia. Some* 
times the same arcade carried several of these duOals one above the Esther. • 

Spkroni. See Aktebides. 

SpHARiSTHunjif. A building for the exercise of the ball ; a tennis court. The ancier t» 
generally placed sphseristeria among the apartments of their baths and gymnasia. 
They were also placed in latii^e villas, as in those of Pliny the younger. 

Sprbbis. (Gr. S^cupu.) A solid, whose surface is at d^ry point equally distaj^t from a 
certain point within the solid, which point 4 k caltld^the canfre of th$4phere^ Eve^ 
sphere is equal to two-thirds of its ctscufnscribipg cylinder^ that is, it is equal to a 
cylinder whose ends are circles, equal to A great circle of the sphere, gnd whose height 
is equal to Uie diameter of the same. 

Si*HBBicaL BuACKBfiMo. That So formOd that the surface of the plastering which aI it 
to receive forms a spherical surface. 

SrHEuoii). See CoNOiix 

Spheroidal ^RACUsTiwa. Thai formed to receive riie plastering of a spheroid. 

Spina. See Circus. 

Spiral. A curve which makes one or more revolutions round a fixed point, and does not 
return to itself. See Volute. 

Spire. (Gr. Siraipa, a twisting.) In ancient architecture, the base of a column, and some- 
times the astragal or torus. The termination of the tower of a church, genWlIy dimi* 
nxshing, and either pyramidally or conicalljL See Stbbpc.b. 

A spire which is oetEgonal, the sides frcing the cardinal points being cottlihued to 
the dAvea which project over the lower work, and the diagonal frtces being interedptod 
at the bottom by semipyramidal projections whose edged ifre dimed h^xm the aftigles 
of the tower upwards, terminating in points on the corresponding Ablique’l^es of the 
spire, is called a hroaok (Fr. Broche, a spit). 

The following table gives the heights of many of tlie chief Towers and Spired, but it 
is liable to correction, for it is very difficult to obtain accurate dimensions ef any stmc- 


ture or parts of 

Strasbuig • 

one. 

feet. 

- 468 

Grantham 





fret. 

274 

Salisbury • 

St. PaulA, Load 


- 400 or 404 

Lichfield - 

- 


- 


252 

on 343, 

365, 756 or 404 

Wakefield 

• 


. - 



Milan - 


. 400 

Boston - 

. 


. 


‘263 

Amiens' - . 


- ' 422 

Lincoln * 



•. Ik 


262 

I^vontry 


^ - - 820 

Canterbury 



m'' m 


229 

^Norwich 


- 309 or 313 

Gloucester 

• 


. * • 


225 

J||||th • t « - 

- 1 - 

- 294 

i Westminster 

. 

. 


¥ 

225 

IjBHbester wa# 


* 271 

Ely and Durham 

ik 

f ^ 

V 

- 

215 


Welling is the sides of an opetting to a wall for a window or door, 
no outside profile of the window is larger than that of the inside ; ibis dc^e for 

the pi^piiee of facilitating the admission of light. It is a term applied to whatever 
has one i^e mining an oblique angle with the other : thus, the heading joists of a 
boarded .floor are frequently splayed in their^ickness. The word m aoMtimes 
applied to an apetfture, in the same sense as splayed. 
fipsDm "dimsL OF A Rail. The angle made by the top of the'|di»kt with a reriioa! ulanA 
touriiii^ tb# ends of the rail piece, which terminates the concave side. ^ 

SpAiAoslir Hk Bfbuno. In boamng a roof, the setting the boards together witti bevel 
jaintSiJbf the purpose of keeping out the ndn. See Boaroino fob SiAiuva. 

Thrim^st or place where the vertical support to an arch te^ina^ sad tbs 
of thsWh b^iis ; the term is somerimes us<d for f*i6 of a groined roof. ^ 
fihiajji9aOPA^COiOAQ& hlpdrontal oovroe of stoneA from which an azxffi spring# eg rises 

which ihe arch stones ere laid. 

Aatfliod ■^^th#pojito«rf * dwRii* 

' MlfepIaoci^lRaa ]pKgaeCib«c 

Son ft eonH^mwiiK b<d* in til. till OK 
4 8 
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Spub. Carred timberwork at tba doarwayjlf eld honaos, to mi|>|>oit a |iriq}MtiDg upper 
story] some fine examples of the ioux^eeath century exist in York and other old 
towna 

SailABB. (Lat. Quadra.) A figure of Ibur equal sides, and as many equal angles. An area 
of each form surrounded by houses, and ornamented in the centre with a lawn, shrubs, 
trees, &c. In joinery, a work is said to be square framed^ or framed squa/re, when the 
firaming has all the angles of its styles, rails, and muntins square without being moulded. 
The word is also applM to an instrument for setting out angles square. See Gab- 
FENTiHfs Squabb. It 18 also a measure used in building, of 100 Slperticial feet. 

Squabb Shoot. A wooden trough for discharging water from a building. 

Square Staff. A piece of wood placed at the external angle of a projection in a room, 
to secure the an^e, which if of plaster would be liable to be broken, and at the same 
time to allow a good finish for the papering. 

Squaring a handbail. The method of cutting a plank to the form of a rail for a stair- 
case, so that all the vertical sections may be right angles, 

Squaring a pibcb of stuff. The act of trying it by the square, to make the angles 
right angles. 

Squinch.’ a small arch, or set of arches, formed across an angle, as in a tower, to form a 
base for an octagon construction above it. 

Squint. See Hagioscope. 

Stabub. (Lai.) A building for the accommodation of horses. 

Stack of Chimneys. See (Siimnet. 

STADimf. (Gr.) In ancient architecture, an open space wherein the atliletee or wrestlers 
exercised running, and in which they contested the prizes. It signifies also the place 
itself where the public games were celebrated, which often formed a part of the gymnasia. 
The word also denotes a measure oi length among the Grecians, of 125 paces. 

Staff jBbad. See Anqlr-Bbad ; Squarb Staff. 

Stage. A floor or story. In a theatre, the floor on which the performers act. The 
stage of a buttress is, in ecclesiastical architecture, the part between one splayed projec- 
tion and the next 

Stained GbJkss. Glasa stained throughout Its thickness during its manufacture is known 
as pot metal” glass. White glass is sometHnes <9^oiiTsd on the surface only, whence it 
is called ** flashed ” glass. Both sorts are used for decorating windows in patterns, as 
in ehurchea See Painted Glass. 

Staircasr. That part or siibdivibion in a building containing the stairs, which enable 
persons to ascend or descend from one floor to an^er. 

Stairs^ (Sax. to step.) Stones, or other material forming steps, ranged one 

above and beyond another, by which a person can ascend a height. A series of steps or 
stairs for asesnding from the lower to fhe upper part of a building, when ecclosra, is 
called a staircase. 

Stalk. (Sax.) An ornament in4he Corinthian Ciipital, which is sometimes fluted, and 
resembles the stalk of a plants from it spring the volutes and helices. 

Stall. (Sax.) A pla^ or divisipa in a stuile wfierein one horse is placed for feeding and 
sleeping. According to their number in a stable it is called a one-stall^ two-stall, &c., 
jtal^. This word is also psed to denote the elevated seats in the choir or chancel of a 
church approfnriatsd to ecclesiastics. The precentor’s stall is the first return stall go 
the Mt on entering the <^ir. The dean’s stall is the first return stall on the r^hL 

Stanchion. (Pk. Estanron.) A prop or support. The upright iron bars of a int^^ ^ 
open 8GR‘een. Also a ruNClodN. > ^ 

Standards. The upright pieces in a plate rack; or above a dresser tp 
shelving. ^Whon the, edges of standarde are cut into mouldings, aocordiKto the 
widths of the shelves, and across the fibre# of the wood, they are palled cuiWindards, 

Stapln. a smali ^iete <4 iroN pointed at each end, and beUitWund, so that the two ends 
may be paraM^fscK Other, and of equal len^hs, to be driven int^wood or into a wall 
thus forming kmp for fastening a hasp or bolt. 


Statios. Bee Mecwincs, 1%. 1440. 

STATUANt MAftHTNi The pure white marble, soeh as ** 

fs obtained fitoUi Carzara, and used by sculptors and carvsrs Ibr tbeir best wo^ 
Statumnn^ ^ A morto of lime and sand mm^ by the Boipans lor pavenMpt8« a# stated by 
Vitimvhu^ vii. 1 . Bee Budnbation. • 

Small upright oyUnders, sometimes called roundest lor fortnlng a radutct contain 
the liay In a stable for tnh supply of it to ths horse. 



Stab On# of the usual decorations of a 

surface in ifcrmim erchjfjbecture. 1440. 
Stabxjngs or Stnuangs, sometimes called Stilts. 
Am assemblage dt pilps driven round the pspi of a 
bridge to give it support: 
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Stay, a piece performing the office of to prerdnt the rverving of the piece td 

which it ie applied. The term is general^ Applies to all materials. 

Stekl. (Sax. Seal) Iron which possessed the properties of hardt^ning and tempering, 
those properties depending essentially on the presence of carbon with the iron. ISteel 
now, however, generally includes many varieties of matertids, which can be nd more 
tempered or h^dened than many qualities of wrought iron. The only difference 
between cast iron and steel was the proportion of carbon ; pure iron contained no 
carbon. The stee^ generally used for girder- work and plates contained perhaps per 
cent, of carbon, and directly it got to 1 and per cent, it became cast iron. ' It is also 
clieaply made, for ^reat masses, by abstracting carbon from cast iron. The process 
for converting iron into steel was known to the ancients. 

Steeninq. The brickwork laid dry (that is, without mortar), for forming the cylin* 
drical shaft of a well or cesspoo*, to prevent the irruption of the surrounding soil. 
SrsKPLE. (Sax.'Stepiel.) A lofty erection attached to a church, chiefly intended to cobp 
tain its bells. The word ia ^ general tesm, and applies to every appendage of this 
nature, whether tower or spire, or a combination of tne two. 

•Step. A block of any material, and of such a height as is within a moderate lift of a 
person’s foot, say, seven inches at most. A series of steps foim stairs. 

STEttsoBATA. See PanFaTAL. * ' 

Sbreckibapuic PttojECTiox. That projection of the sphere wherein the eye is supposed 
to be placed on the surface. . * ^ 

Stebeoqrafht. (Gr. solid, and Fpo^w, I describe.) That branch of solid ge<J- 

metry which demonstrates the properties and shows the construction of all regularly 
defined solids ; it explains the methods for constructing the surfaces qn planes, so as to 
form the entire body itself, or to cover its surface ; or, when the solid is bounded by 
plane surfaces, the inclination of the planes. 

„Stbr£OTomy. The science of cutting solids to suit the conditionsTequirod for their forms. 
Sticking. The operation of forming mouldings by a plane, in contradistinction to form- 
ing them by hand. When done they are said to be aUtek, 

Stile. (Sax.) The vertical part of a piece of framing into which, in joinery, the ends of 
the rails are fixed by mortises ahd tenons., 

STiLLicivitiif. Dripping eaves to Done buildings; but in the propylseura at Eleusis, the 
sima or upper moulding of the pediment cornice, is continued along the flanks, and a 
channel hollowed in it to collect themiU falling on to the roof. * ^ ' 

Still Boom. A room iu a large matision. wherein the housekeeper and her assistant 
prepare tea and coffee for the family and visitors, and make preserves, cakes, and 
biscuits, and so on. It was formerly the work-room of the lady of the house when 
engaged in making household cordials, fn a smaller class of residence, riiis room 
frequently relieves the kitchen of all the lessef cooking, and of paisitry making. It 
should adjoin the store and housekeeper’s rooms. 
flriLT. See Staiujno. 
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Stokh, (Sax.) A natural indurated substance found beneath and on the surface of the 
eartli in almost everj part of the world, and which for its strength and durability has 
been universally employed for building purposes. 

Stonbwabb. a prepit^ clay, burnt and glased to prevent water soaking through it; 
and used for jars, bottles, drain pipes, &c. 

Stool. The name given to the bencn whereon the brick-moulder moulds his bricks. * 

Stoothtno. a provincial term which signifies the battening of walls. See Toothuco. 

Stop-cock. A cock used in plumbeiy to turn off the supply to a reservoir or tank. 

Stoppiko. Mukii^ good cracks or defects in plastering, wood, &e. 

SioBT. (Lat. or Sax. Scop.) One of the vertical divisions of a building; a series of 
apartments on the same level. 

“Stobt Posts. Upright timbers disposed in the story of a building for supporting the 
SBperincumbent part of the extenor wall through the medium of a beam over tMm ; 
th^ are chiefij used in sheds and workshops, and should have either a solid wall 
below or stand upon a strong wooden sill upon inverted arches, or upon large stones 
with their ends let into sockets. They also form the posts at the (nds of a trussed 
partition. 

Stobt Rod. One used in setting up a staircase, equal in length to the height of the 
story, and dividefl into as many parts as there are intended to be steps in the staircase, 
so that they may be measured and distributed with accuracy. 

Stoup. See Piscina. 

Stovk. An enclosed fire-grate for the purpose of obtaining a large amount of heat. A 
chamber prepared specially for drying articles by heated air is often called a Stove, 

Straight Arch. A lintel formed of separate pieces or voussoirs on the principle of the 
arch. 

Straight Joint Floor. See Floor. 

Strain. (Sax. Stpeng.) The force exerted on any material tending to disarrange or 
destroy the cohesion of its component parts. 

Straining Piucb or STRtrmNG Piece. A beam placed between two opposite beams to pre- 
vent their near approach, as rafters, braces, struts, &c. If such a piece serves also the 
office of a sill, it is called a straining sill. 

Strap. (Dutch, Stroppe.) An iron plate for the connection of two or more timbers, into 
which it is screwed by bolts. 

Street. A public way for general traffic. The Metropolitan Board of Worki», under 
the ** Metropolis Local Management Act, 1885,” sect. 202, has power to compel notice of 
laying out new streets, and requires a width of 40 feet at least for carriage traffic, and 
20 feet foT foot traffic, exclusive of gardens, areas, &c. A street shall have at the 
least two entrances of the full width of such street, and shall be open from the ground 
upward. A definition of the word “street” is given. The consent of the B^rd is 
required by sect. 75 of the Metropolis Management Act Amendment Act, 1862, to 
those erecting buildings or structures beyond the general line of buildings in any 
street, place, or row of bouses within 50 feet. Rules are also given for measuring the 
width, the curve of the carriage way, the height of the kerb to the foot-paths, and the 
elope of the footpath. By Uie same Act, sects. 98 and 99, further legislation is 
extended, and by sect. 112 any mews is included. The following are the widths of a 
few of the new streets Cannon Street, by St. PanTs, between kerbs, is 80 feet 
6 inches ; that of Cheapside, opposite Bow Church, is 81 feet; that of Queen Victoria 
Street, 1872-5, is 80 feet; that of Victoria Street, Westminster, is 80 feet; and of 
NorthumWland Avenue, 1876-6, is 80 feet. 

Stbbtchbo OUT. A term applied to a surface that will just cover a body so extended 
that all its parts are in a plane, or may be made to coincide with a plane. 

Stbbtchsb. A brick or stone laid with its longer ftuse in the surface of the wall. 

Stretching Course. In walling, a course of stones or bricks laid with their longer 
dimensions in a horizontal line pmllel to the face of the wall ; it is exactly the con* 
trary of a heading course, in which the breadths of the stones or bricks are laid ia a 
straight line parallel to the face of the wall. 

Struil (L&M lishi or fillets between the flutes of columns. 

Stbuted. Chamfered or channeled. 

Striobs. The channels of a fiuted column. 

Strikino. A term used to denote the draught of lines on the surfiaea of a body ; the term 
is also used to denote the drawing of lines on the face of a piece of stuff m mortises, 
and catting^ the shoulders of tenons. Anothsr application of the word ooeors in the 
practice of joinery, to denote the act of running a moulding with a plane. The striking 
of a centre is the removal of the timber taming upon wtdSh an armi is buUt, alter im 
completioiL 

Sranio or dntiira PiaoB. That partofafii^tof stairs which forms its ostilng or sofliai 

See Okmsm, 
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STRma Board. In wooden stairs, tlie board next the well-hole which receives the ends 
of the steps ; its fisce follows the direction of the well-hole, whatever the form ; when 
curved, It is frequently formed in thicknesses glued together, though sometimes it is 
got out of the solid, like a hnna-rail. See Cut Stbino. 

Striwo Coursb. a projecting horizontal course of stone, continued along the face of a 
building, frequently under windows, to form a tie or bonding course. It is either 
plane or moulded. 

Stbix. (Lat.) A channel in a fluted column. Flutb. 

Stbuox. a term used to denote the removal of any temporary support* 

Strut. See Bracb. 

Steuttinq Bbaii or Fixes, also Strut Bbar. A term used by old writers in carpentxy, 
for what is now called a sirainim piece or collar beam. See also Bridging and Key. 

Siocco. ^Fr. Stuc.) A term indeflnitely applied to calcareous cements of rarions 
descriptions. Rough stucco is that finished with stucco floated and brushed. Bastard 
stucco is three-coat work in plastering : 1, the render coat; 2, floating, as to trowelled 
stucco; and, 3, finishing, lime with a little hair and a little sand. This last is 
termed “ setting” when used with fine stuff for papering, and is well finished. 

Studio. An apertment especially adapted for a person to write or work in. It Is 
generally presumed to be for art purposes. 

Studs. (Sax.) The quarters or posts in partitions. See Quarters. 

Stuff. (Butch.) A general term for the wood used by joiners. 

SxujfP Teackrt. The later or after Gothic of Germany has tracery in which the ribs are 
made to pass through each other, and are then abruptly cut off. This may be called 
stump tracirg, according to Professor Willis. 

Style. The different varieties of architecture. See Stili, 

Stylobata. See Pedestal. 

Subnormal. The distance between the foot of the ordinate and a perpendicular to the 
curve (or its tangent) upon the axis. 

SuB'PLiNTU. A second and lower plinth placed under the principal one in columns and 
pedestals. 

Sub-principals. The same as auxiliary rafters or principal braces. 

Subway. An underground passage. It now more especially refers to the arched vaults 
formed under a street for the purpose of containing the sewer, and gas, water and other 
pipes, with a bench or footway for access to the former or tor making repairs to the 
latter. The subway requires a trap with ladder for access, and ventilating shafts. The 
journal, xviii. 640, illustrates a subway formed in London. 

SoDATio and Sudatorium. (Dit.) The same as Caldabium. See Concambrata Sudatio. 

SuMMFB. (Perhaps from Ital. Soma.) The lintel of a door, window, etc. A beam tenoned 
into a gi^er to support the ends of joists on both sides of it. It is frequently used as a 
synonyme for a girder. Also a large stone laid over columns and pilasters in the com- 
mencement of a cross vault. It is, moreover, used in the same sense as Bbbssummeb. 

SuMMBB Stone. The lowest stone at the end of a gable, stopping the eaves of the tiling 
or slating. The first piece of the tabling is worked in the solid of the summer stone, 
and so becomes an abutment and support for the rest. It is also called a skew corbel. 

Summer Tree. See Bormant Tree. 

Summering. See Beds of a Stoke. 

Sun Light. A new method of lighting large rooms from the ceiling, by a number of 
gas jets placed under a reflector, with tubes through the ceiling and perhaps roof for 
carrying off the products of combustion and for ventilation. A valve to prevent down 
draughts is intrc^uced near the top of the tube. 

Sunk Shelves. Such as are formed with a groove in their upper surface, to prevent 
plates, dishes, or other materials sliding off when placed upright on them, as in a 
^Bser. 

StTEB-ALTAE. A sholf or ledge let into the east wall just over tlie altar or communion 
table, on which are placed the altar cross, altar lights, and flower vases not allowed by 
law on the table itself. 

SuFERcaiuM. (Lat.) The lintel of a door. See Aktkpagmbkta. 

SuFBRiKTBKDAKOE. The architect's duty being to see that the quality of the materials 
used, and of the workmanship are e^md to those sjpecified, and that the building is being 
erected in aocwdance with the drawings and specifications, his visits to the building wiU 
be regulated bv his own judgment, the extent of his practice, the magnitude of the works, 
the distance t^y may be away, whether a clerk of the works be empl(^ed or not, and 
the reputation of the builder, and lastly the expectations of his client. The young pm- 
titioner will soon learn which are the best occasions for visiting the works, after having 
seen to the setting out, to the drains, foundations, the ftiotiiiM commenced, etc. 

BuBERBTBUOTuaM* (Lat.) Work built ou the foundation of a building. The upper part 
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SuBXouNTBD. An arch) Vault, or dome riaing higher than a semieircler . 

SwAtiiOw-TAiL See Dovb-tail. 

Stbkitb. a stone which consists of feldspar and hornblende, of rarioni colonrs, as 
reddibh, dull green, &c., as the feldspar or hornblende maj predominate. It obtained 
the name from its abundance of syene, and according to Pliny was ac fim named 
fyrofotcilo^. It is, in fact, a species of granite, and is used in Pompey’s Pillar at 
Alexandria. It is not the Egyptian porphyry, though often mistaken for it, 

Symuoi.. An attribute or sign accompanying a statue, or a picture of a porsonugo, ii\ 
allusion to some passage in the life of tne person represented, and hence often useda« 
a figurative representation of the figure itself. The symbols connected with tlie metal* 
are delineated hei^in s. v. Mrtat.s. From the constant bceurrence of symbols in the 
edifices of the Middle Ages k may be useful to insei’t a list of them, as attaclied to tlie 
Apostles and Saints, most commonly found. The Cross has been rf'coived ns a symbol 
of Christianity, and the crescent of Mahommedanism. 


HOLT APOSTLES. 

a key, or two keys with diflferent 

wards. 

St. A ndrrw . — Leans on a cross, so caUed from him ; 
culled by heralds the ** saltire.” 

8t. John Eeangelut,—yfit\i a chalice, in which is a 
winged serpent. When this symbol is Used, the 
eogli, another symbol of Wm, is never given. 

Bt, fiar^olomew.—'^xth a flaying knife. 

JS/. Jamet the Leu , — A fuller's staff, bearing a small 
square banner. 

Sf. Jamee the Greater. -^k pllgilm's staff, liat, and 
esoalop shell. 

St. Thomas . — An arrow, or with a long staff. 

St. Simon . — A long saw. 

St. Jude.—k club. 

St. Matthias.— k hatchet. 

St. Philip. — Icwns on a spear ; or has a long cross 
in the shape of a T. 

St. Maithew.—k knife or dng^. 

,Sf. Mark . — A winged lion.Vp 

St. Luke.—k bull. 

St. John.—kn eagle. 

St. Patd.—kn elevated sword, or two sword 4 In 
saltire. 

St, John Baptist.— kn Agnus Dei. 

St. Stephen.— ^iih stones In his lap. 

flAJiriB. 

St. Agatha.— Uw breast tom by pincers. 

St. Agnes.— k. lamb at her feet. 

St. Aidan.—k stag crouching at bis feet. 

St. Alphege,—&\% ohasuble full of stones. 

Sf. Anagradesma.-^yeaMA with leprosy. 

St. A anc.— Teaching the Blessed Virgin to read. 
Her flngev usually poUiting to the words liwitx 
Jesse Floruit, 

Sf. Antong, Brcmite.->Pevil i^pears to him in the 
shape of a goat. 

St. Anthony qf Padua,— kooompaaieA by a pig. 
Apollonia . — ^Witb a tooth. 

St. Barbara.— With a tower in her bands* 

St. Blaise,— With a wooloomb. 

St, Boniface.— Hewing down an oak. 

St. Britius,— With a child in his arms. 

S'. C'oittt/tf.— Lying at the foot of the altar. 

' St. Oatharine.— With a wheel and sword. 

St. Cecilia,.— With an organ. 

St. Christopher,— k giant cnrrylng the infani Si- 
Tiour on bis shoulder across a stream. A monk, 
or female figure, with a lantern on the farther 
side* 

St. CSlemenf.— With an anclior. 

St. Preaching on a hill. 

at. With his head in hie hands. 

St. Doroihy.-'Bwk'n a nosegay in one hand fuid a 
swQnl in the other. 

Bwutan,—JieaT% a harp. 

at. BdUh.—WeMhh\g a be^afs feet. 

St. /tf mwwL-^Faitened to a tree end plero^ with 
arrows, 

St, Edward,— Heticthg in his hand the Gptpcl of 
St. John, 


iSf. Emwhus,—k dove lighting on h's head. 

St, Etheldreda, Abbess.— Asleep, a young tree Uos. 
Boming over her head. 

St. Eustachiusy or St. Hubert.— k stag appearing to 
him, with a cross between its horns. 

St. /hfcian.— Kneeling at the block with a triple 
crown at his side. 

St. Faith. — With a bundle of rods. 

St. George. — With th'^ Drngon. 

St. Gertrude. Abbess. — With a loaf. 

St. Gile.it Abbot.— A hind with an arrow piercing 
her neck, standing on her hind legs, and resting 
her feet in his lap. 

St. Oudula. — With a lantern. 

St. Hilaiy — With three boo^. 

Si. //i/)po/y/«.».— Tom by wild horses. 

St. Hugh.— With a lantern. 

St. Janmrius. — Lighting a fire. 

St. JiMichiui.— With a staff, and two doves in a 
bosket. 

St. Jjivrrnce.—Wiih a gridiron. 

St. J/rt 7 wwi.— Restoring fdght to a blind man. 

St. i/»rf/j/W.— Trampling on a dragon, a crosie^r 
in her hands. 

St Giving half his cloak to a la^fgar. 

8t. Ntrholus. — With throe naked children in n tub, 
in the end whereof rests his pastoral staff. 

St, Odilvy Abbot.— With two gobl>t8. 

St. CM.— Trampling on a Saracen, a p-Um 
branch bi bis right hand. 

St, Richard. — A chalice at his feet. 

St. RoMfy.—Witn a rock in her arms. 

St. Sebantlan. — As St. Bdmund, but without a 
crown. 

St. Ursula. — Snrroundcd with virgins much less in 
sixe than herself. 

St. rfncefd. — On the rack. 

St. Walhurga.— Oil dlstiRtog from her hand. 

St. Waltheof. — Knoelinf oA the block, tlie sun 
rising. 

8L Winifredt Abbess. -WilhW bead In her arm^ 
fl^pysfcdral staff on a 

The Blessed VinaiN Is nsually reprosen#!— 

1. At the Annunciation, with an almofld treo 
flourishing in n flower^pot. 

2. At her Purlfloation witl^ a pair of turtle 
doves, 

8. In her Agohy, with a sword plertslng her 
heart. 

4 . In hT‘*ffrpaw»» (death;, 

6. In her Assumption. 

6. With the blessed Saviour in her lap. 

7. In her Bostasy, kneeling at a faldstool, which 
faces the Temple, the B<^ly Dove des^dhig 
on her. 

Martpn bold palm? ; tirpinsy lamps, or. If also 
Martyrs, lilies and rcees; Oohfumrs. UUast /te- 
tridrehst whselg. 

Ohriu round heads aie dreular, exespt when 
UVing prrlatos eminent fbr hoUnasi are ropm* 
aeoted, when they aveeqtioiQ. 


IlfTBitKiiwni, F.C, Emblem of Bainie. 2nd oditioa, 12nu, London 1860. TwtinjrO, 
fkHtJjoU an i Emblem of Earhi and MedUeual Chriefian . •rt. OS nintek. ito T .imd iflA4 
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Syxtiousm. Mr. GwHt^s romArks on this subject, written for insertion in his Ajnpendin, 
are subjoined. ** Invested u ii li mrch of tlie character of chivalry and romance, the medi- 

• flBval period has l;een often stated to have expressed in matter its spiritcml impressions. 
The aspiring vertical lines of its monuments have by some been considered types of 
aspiration after the Diviniry. This may or may not We been the case, but there can 

^ not be other than an indisposition to believe in symbolism, when there are so many 
forms in natnre whose imitation, or the study thereof, would lead to the same results. 
Holding symbolism in churches as an idle conceit, not much will be smdon that suhject* 
but a few specimens of the nonsense it induces may as well be set down. The ven^bie 
Bade, for instance, says that the walls of a church are a symbol of the Christian wor- 
shippers that frequent the edifice. * Omn^s parietes templi per circuitum omnes sanctss 
ecclesise popuU sunt, quibus super fundamentumChristi locatis, ambitum orbis roplevit.'’ 
The venerable scribe, be itobserved, is speaking of Solomon’s temple. Again, in.resi>^t 
of doors, we have * Ostium autem templi Dommus est, quia nemo veni^ ad Patrem nisi 
per ilium,’ &c. As to the windows, they are symbols of the saints and spiritual wor- 
shippers ; * Fenestre templi sunt sancti et spirituales/ To come, however, to recent 
symbolisms, we find that the modems hare discovered that the principal entrance of a 
church is a symbol of our entrance into physical and moral life ; that the tympanum, or 
gable-like form, over the g^eat western porch (whose origin is Greek j^imeoit, hut 
raised to conform with the character of the style), is a symbol of the Holy Trinity^ the 
great rose window at the western end of a church is, from its circular form, accounted 
a symbol of Divine Providence! At Amiens, the four rose windows have been con- 
sidered symbolical of the four elements! In respect of the towers, that on the left is said 
to represent the ecclesiastical and spiritual hierarchy, and that to the right, order, that 
is, the civil or temporal power I and generally, where four horizontal divisions occur, 
the lower one is symbolical of the cure, the next upwards of the dean or archdeacon, the 
third of the bishop, and the fourth of the archbishop. Should a fifth horizontal divi- 
sion occur, the pnmate is the type. So in the right hand tower, the lowest compart- 
ment represents the mayor, and in succession upwards appear a count, a duke, a king; 
and if the tower be covered with a spire, no less than an emperor appears. One is 
almost surprised that there is uo symbol to represent the suisse of the continental, nor 
the beadle of our churches in this country. The interior of a church, according to the 
symbolists, affords some further curious features of mysticism. The principal entrance 
is at the/oo/ of the Cross, because, by the use of the fkbt (i.e. travelling) the Gospel 
was pressed I What is called cnnting heraldry surely does not equal this. The nave 
is said to represent the body of the faithful ! The ceiling over the altar is accounted a 
symbol of heaven, and the chapels round the altar are said to represent the aureola round 
the head (ff Christ ! But it is scarcely worth while to waste more time on the conside 
ration of such absurdity, where the things have been ingeniously fitted to the types, 
instead of the converse. There is, however, one other point connected with the subject, 
which has been recently revived, and a few words must be expended in notice of it.” 
This is the vbsica Fisas. 

SvKMBTRT. (Gr. Jiuv, withy and Merpv, I measure.) A system of proportion in a bnild- 
ing, from which results from one part the measurement of fdl the rest It also conveys 
the meaning of uniformity as regards the answering of one part to another. 

^rsTTLK. (Gr.) A colonnade or portico, in which the inter-col umniation is equal to 
two diameters of the columu. 


T 


Tabkrk. a provincial term for a cellar. 

Tabbbnaclb. (Lat) In Catholic churches, the name given to a small representation of 
an edifice placed on the altar for containing consecrated vessels, Stc* 

Taulb. In penpective, the same as the plane of the picture, being the paper or canvas on 
which a perspective drawing is made, and usually perpendicular to the horizon. In the 
theory of perspective, it is suppos^ to be transparent for simplifying the theory. In 
glass works and among glaziers, it is a circular plate of” crown ^ glass, being its origiDal 
form before it is cut or ^vided into squares. Twenty-four ia6le$ make a case. 

Tablb or Tabutt. (Lat. Tabula.) A flat surfiwe generally charged with some ornamental 
figure. The outline is generally rectangular, and when rais^ from tbe naked of the 
wall, is called a or raised table. When not pe^endicular to the horizon, it is 

called a rakiug tabU Wen the surface is rough, frosted or vermiculated, from, Wng 
broken ^tb the hammer, it is called a rustuwtei tMs, 

Taulbt. The same as Table; but is applied usually to a wall dab or mmumental 
tablet* ^ 

Tabuko. A term used by the Scotch butldeis to denote thq coping of the walls of V017 
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T^bukum. (Ijat.) In Homan aicbitecture, an apartment Bltaated in the narrow part cif 
the atrium, as is supposed, fW>nting the entrance. Its exact position is not now knowii, 
and indeed the situation of it may, under drcumstances, have varied ; its true place 
therefore must be a matter of doubt. 

TABUiiiTUM. ^Lat.) A term used by the Homans not only in respect to the doors, wahis- 
oottings, ceilings, &c., which were constructed of wood, but ali^ to balconies and other 
projecting parts, which latter Vitruvius calls projectioma. 

Tack. The name in Scotland for a Saixy. 

Tacks. Small nails used for various purposes, but principally for stretchingclotb upon a 
boiurd. 

TiBNiA. (Gr.) The fillet which separates the Boric frieze from the architrave. 

Tail. (Verb.) A term denoting the hold of any bearing piece on that which supports it, 
as where the end of a timber lies or tails upon the walls. The expression is similar to 
what in joinery is called housing, with this difiTorence, that housing expresses the complete 
surrounding of the cavity of the piece which is let in. 

Tail Bay. ^ Case Bay. 

Tail Tbucmbu. One next the wall, into which the ends of joists are fastened in order to 
avoid dues. 

Tailing. That part of a projecting stone or brick not inserted in a wall. 

TAiixom. (Fr.) The name which the French give to the abacus. 

Talon. (Fr.) The name given by the French to the ogee. 

Tamboub. (Fr. a drum.) A term denoting the naked ground on which the leaves of the 
Corinthian and Composite capitals are placed. It signifies also the wall of a circular 
temple surrounded with columns ; and farther the circular vertical part below a cupola 
as well as above it. 

Tangent. (Lat. Tango.) A line drawn perpendicnlar to the extremity of the diameter of 
a circle, and therefore touching it only at one point. In trigoncmetrj', it is a line drawn 
perpendicularly from the extremity of the diameter, at one end of the arc, and bountled 
by a straight line drawn from the centre through the other. 

Tank. A receptacle, generally formed under ground, for liquids, as a water tank, liquid 
manure tank, &e. 

Tapebing. a term expressive of the gradual approach, as they rise, of the sides of a body 
to each other, so that if continued they would terminate in a {)oint. 

Tab. a product of the valuable family of the coniferous trees, and chiefiy from the species 
of pine known as the Scotch fir. It is stored up in the roots, from which it is extracted 
by heat. When tar is subjected to heat a volatile spirit is distilled from it, leaving a 
black solid mass which is termed pitch. Both have the property of resisting moisture. 

Tabbas. a strong cement, usethl formerly in water- works. 

Tassal, Tassbl, Torsel, or Tossbl. The plate of timber for the end of a beam or of a 
joist to rest on, as formerly in a chimney, where the mantel tree rested on it at each 
end. 

Tatbbn. a house open to the public where wine is sold. , 

Taxis. (Qr.) A term used by Vitruvius to signify that disposition which' assigns t6 
every part of a building its just dimensions. Modem architects have called it ordon^ 
nance, 

Tbazb Tenon. A tenon on the top of a post, with a double shoulder and tenon from each 
for supporting two level pieces of timber at right angles to each other. 

Tectobiuic Opus. (Lat.) A name in ancient architecture given to a species of plastering 
used on the walls of their apartments. 

Telamones, (Qr. T\aw, to support.) Figures of men used in the same manner as Cary^ 
atides. They are sometimes call^ atlanUs. 

Tbmbnos. (Gr.) The same as the Latin Templum. See Temple. 

Tempered. An epithet applied to bricks which may be cut and reduced with ease to a 
required form. The term is also applied to mortar and cement, which has been well 
beaten and mixed together. 

Temfla. (Lat) Timbers in the roof of the Homan temples, Irhich rested on the oanikmif 
or principal rafters, similar to the purlins in a modern roof. 

Template. An improper orthography for Templet. 

Tkmpia (Lat.) Generally an edifice erected for the public exercise of religions worshifl. 
Herein is described the dififerent spMies of temples mentioned by Vitruvius, In Book 8 ^ 
bis woxk. — A temple is said to be in antis when it has ante or pilasters in front of the 
walls, which endose the cells, with two columns between the anta. See Fig, U42. ‘ It 
was crowned with a pediment, and was not dissimilar to the prostylos temple, to which 
we shall preiently come. In the fi^re, A is the cell, Ac the afita, &nd if in front df 
them the columns bbbb were placed, it would be a prostyle temple ; C is the door of the 
cell, and B the pronaos. The appearance in'front of ^is species is the same as tbs 

fAitinlA. w1iir*h in <yit'An in Hn lAlSl and wrViAitAtn Anhitwtnai owa aIcia ' tlrfhAd 




Fig. 144S. 


Fig. 1443. 


the nnlae. It will be immediately seen that the same elevation will apply {Jig. 1444) 



Fig. 1444. 


to lx>th the plans just given. The amphiprostyle temple, he it observed {jig. 1443), has 
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9 ty\fw {fig, U42), whamn the colanms hbhb ix^uUl make that pro8t3rloa whichf 
but for them, would be merely a temple in antis. The amphiji^styloa then oply 
differs fio n the pmsty/os by haring columns in the rear, repeat^ simil^ly to those in 
the ^ut. TbejE^. U44 applies on double the scale of the plans to both^^s. 1442 and 
1443, and is a diastyle tetrastyle temple, that is, one whose iuteroolumniations (see 
CoLONNADu) are of three diameters, and the number of whose columns is four. 

A peripterai tfmpfe had six columns in front and rear, and eleven on the flanks, count* 
ing the two columns on the angles (see fig, 1445), and these were so placed that their 



distance from the wall was equal to an intercolumniation or space between the columns 
all round, and thus it formed a walk around the cell. In fig. 1446 k the elevation of 
the species, which is hexastyle and eustyle, that is, with six front, whose 
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Fif*14i7. 


Tig. 1448. 


intercolumniation is $ustyle, or of two diameters and a quarter. (See CoLtnucaniL) 
lu this figure, winch is to a double scale of the plaht s a a are gcroU^ ^ 
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Tfa« p 9 eud 0 *dipUral tempit was constructed with eight cdumns in front aOd rear 



Fig 1440. 

aud w th fifteen on the sides, including those at the angles, see^, 1447. The walls of 



Fig. 14S1. 

ihi* walhi to the ftont of the lower put of tdie columns, there will be hn Inteireil 
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•q^vil to two inteicolummations and the tbicknees of a ^liimn all round. No ex^ple 
elated of auch a temple at Rome ; but there was one to Diana, built by Hermogenes 
of Alabanda, in Magnesia, and that of Apollo by Menesthes. The dipteral temple 
( 1448) is octastylos lilM the former, and with a pronaos and Mticum, but all 
round the cell are two ranks of columns : such was the temple of Diana at Ephesus, 
built by Ctesiphon. The elevation (^. 1449) is the same b the dipteral and pseudo- 
dipteral temple, and in the figure b with the syetyle intercolumnlation. 

The kypoetkral temple, or that uncovered in the centre, is decastylos in the pronaos 
andposticum; it is in other respects (see Jig, 1450) similar to the dipteral, except 



Fig. 1453. 

that in the inside it has two stories of columns all round, at some distance from the 
walls, after the manner of the peristylia of porticoes as drawn in Jig. 1451, in which 
one half is the elevation and the other half the presumed section of such a temple. 

The peripteral temple has been described, but there is still another connected with 
that species, though distinct, and that is the pseudo^peripteral, or false peripteral, in 
which there is no passage roimd the walls of the cell, but an appearance of surrounding 
columns {eaejig. 1452). 

By this arrangement more room was given to the space of the cell. Tlie elevation of 
this is given in Jig, 1453. 



Vig. 1458. 


Vitruvius thus describes, as follows, the proportions of the Tuscan temple • 

The length of the site of the temple intended (see fig, 1454.) must be divided into six 
parts, whence, by subtracting one part, the width thereof is obtamed. The ienMh is then 
divided mto two parts, of which the farthest is assigned to the cell, that next the ft^it to 
the reception of the columns. 

The above widUi is to be divided into tan parts, of which thrc'i to the right and three to 
the left are for the smaUer cells, or for the tU», if such required ; tlb remabmg four 
are to be given to the central part. The space before the cells in 4h4 gsonaps is to l^ive 
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lUi columns so arranged that those at the angles are to corre^nd the antes of iht 
external \ralJs : the two central ones opposite the walls between the anise and the middle 

of the temple ore to be so disposed, that between the 
antee and the above columns, and in that direction^ 
others may be placed. 

Their thickness below is to be one-seyenth of theif 
height^ their height one-third of the width of Uie 
temple, and their thickness at top is to be one-fourth 
less than their thickness at bottom. Their bases are 
to be half a diameter in height. The plinths, which 
are to be circular, are half the height of the base, 
with a torus and fillet on them as high as the plinth. 
The height of the capital is to be half a diameter, 
and the width of the abacus equal to the lower dia- 
meter of the column. The height of the capital 
must be divided into three parts, whereof one is 
assigned to the plinth or abacus, another to the 
echinus, tlie third to the hypotrachelium, with its 
apophyge. 

Over the columns coupled beams are laid of such 
height as the magnitude of the work may require. 
Their width must be equal to that of the hypo- 
trachelium at the top of the column, and they are 
to be so coupled together with dovetailed dowels as 
to leave a space of two inches between them. Above 
the beams and walls the mutuli project one-fourth 
of the height of the columns. In front of these mem- 
bers are fixed, and over them, the tympanum of the 
pediment, either of masonry or timber. 

Of cercTttfur temples there are two species ; the monopteral {jig. 1456) having columns 
without a cell, and the peripteral with a cell {Jig. 1456). In this last the clear dia- 
meter of the cell within the walls 's to be equal to the height of the columns above the 
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Bating thus related the description of Bomnn temples as known to Vitrurius, we giro 
an elevation of two Grecian temples as restored, to contrast with the above descriptions 
Off similar works. 1457 is the temple of Palla8> or of Jupiter Panhellenms at 
.£gina, in the gulf of Athens. The ruins were explored in 1811 by Messrs. Cockerell, 
If'oBter, Haller and Lynck, with very remarkable success, in elucidation of every 
desired architectural detail, and of the then unascertained style of the jEginetan school of 



Fifir. 1457. Temple at iEijIna. 


sculptnre, constantly mentioned by ancient writers as of the first merit and of universal 
estimation. The temple is hexastyle peripteral, but has twelve columns only in the 
flanks. The top step measures 44 feet 10 inches by 93 feet 1 inch ; the height to the 
point of the pediment is 36 feet. The pediments and aeroteria were adorned with not less 
than thirty-four Parian statues representing the two Trojan wars, in which the iHacida 
were engaged more especially. These sculptures are n(>w at Berlin, but casts of them, 
placed in models of the pediments, are erected in the British Museum, Fiff. 1430 shows 
the centre group of one of the pediments to a larger scale. TJie date of this work is sup- 
posed to bo not later than the sixth century b.c. 



Fig. 1458. The Farthoaou at Athetuk 


F^, 1458 is A representation of the west front of the temple Minerva, commonly 
called the Parthenon, at Athens. It is an example of the rate srrangemmt of the 
octactyle periptml, the sides have seventeen columns. The top step measures 101*886 
English feet % 228*15 feet; the height to the apex of the ^iment is 58*27 feet A 
capital of one of the colnmns and many of the sculptures of tne pedimeiiits, metopn, and 
frieze Cromid the celUt firmed a series ot the gems of Lord Elgin^s collection, ave 
now in the British Mnsenm. icHmiA and Oamcrates were the afehiteets. and Phidlaa 
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• <Jt»ector of the eculpture, intrueted by Peiidee with its erection. It ie ettppoeed 
thet ton or fifteen years were so occupied, and that the temple was completed b.c. 488. 

Tkmplet. a mould used in masonry and brickwork for the purpose of cutting or setting 
out the work. When particular accuracy is required, two templets should be used, one 
for moulding the end of the work, and its rerersh for trying the (ace, 'When many 
stones or bricks are required to be wrought with the same mo^d, the templets ought to 
be made of some metal. 

The term is also used to denote a short piece of timber sometimes laid under a girder, 
particularly in brick buildings, 

Tiwia. The ftUet or band at the top of the frieze in the Doric order. 

TiNJurr. The occupier of a house and holding a lease or agreement from the landlord or 
other person. “ Tenants in common ” are snch as hold by several and distinct titles, 
but by unity of possession. ** Joint tenants ” are such as have equal rights in lands or 
tenements W virtue of one title. 

Tj4non. (Fr. Tenir.) A projecting rectangular prism formed on the end of a piece of 
timber to be inserted into a mortise of the same form. 

Tknok Saw. One with a brass or steel back for cutting tenons. 

Tkmsion. The stretching or degree of stretching to which a piece of timber or other 
material is strainetl by drai^nng it in the direction of its length. 

Tbooaixa. The house of God or temple of ancient Mexico. It is a pyramid formed irt 
terraces with flat tops, and always surmounted by a chamber or cell, which is the temple 
itself, where the ceremonies were exhibited to the people. One at Cholulu is 1440 
feet square, and 177 feet high, having four stories. The teocalla of Yucatan rises at an 
angle of about 45 degrees to the level of the platform on which the temple stood ; an 
unbroken flight of steps leads from the base to the summit. That at Palenque is the 
finest yet discovered. 

Thpidarium. (Lat) A name given to one of the apartments of a Boman bath. 

Teuam. The scroll at the end of a step. 

Tkrcbnto. The style of art prevailing in Italy during what is usually called the 
fourteenth century. 

Term or Terminal. A sort of trunk, pillar, or pedestal, often in the form of the frustum 
of an inverted obelisk with the bust of a man, woman, or satyr on the top. See 
Vagina. 

Terminus. The popular word for the station at each end of a railway. 

Tkrba-Cotta. (It.) Baked earth. In the time of Pausauias there were in many temples 
statues of the deities made of this material. Bassi-rilievi of terra-cotta were fre- 
quently employed to ornament the friezes of temples. In modem times it has also 
been much used for architectural decoration, being modelled, or cast, or made up of 
pipe or potter’s clay with fine sand and flint, and afterwards fired to a stony hardness, 
ha^ly to be scratched with a steel point. The manufacture is greatly used in a 
variety of ways for ornamental and useful purposes. ** Many early productiens, even 
of less durability than those now mode, are found in ruins of stone, in which the latter 
material has been steadily disintegrating for thousands of years, but leaving the terra 
cotta as perfect, in many cases, us if recently produced. In faithfully made and vitrified 
terra-cotta we have the great and lasting triumph of man over natural productions ; 
for timber will rot ; stone, even granite, will disintegrate ; iron will oxidise; all other 
metals will succumb to the action of fire, and to other destroying influences of the 
elements. Properly made and thoroughly burned terra-cotta will pass through cen- 
turies, and be the last to yield to those influences to which all natural productions must 
mve way. In all architectural employments it is pract’cally time-proox and indeetmet* 
ible. Very many important transactions recorded in this materiiU have been found in 
a good state of preservation in the ruins of Babylon.’’ (Davis, in Builder^ xlvii. 479.) 

TERVAca. An area raised before a building above the level of the ground to serve as a 
walk. The word is sometimes, but improperly, used to denote a l^lcony or gallery. 

Trssblatiid Pavement. A rich pavement of mosaic work made of small squares of 
marbles, bricks, tiles, or pebbles, and called Ueselm or temrm. 

Tessera. (Or.) A cul^ordie. This name was apolied to a composition used some 
years ago for covering fiat roofii, but now abandoned 

Testuxk). (Lat) A name given bv the ancients to a light surbased vault with whieh 
they ceiled the grand halls in baths and mansions. Generally, any arched roof. 

TinunoRON. (Gr ) A species of brick four palms in length. Brick. 

Tetragon. (Gr.) A figm which has four sides and as many angles. 

Tbtraspastos. (Gr. Terps, four, and to draw.) A marine working with Icor 

pulleys. 

Tbtrasttlr. (Gr. lWp«, and SlrvXef, a coloran.) See Colonnade. 

ThatoN. Ths cotsrihg isK straw or reeds used on the roofs of cottages, bams, and such 
■* 1 Am. a, nifttaMsaue eitcdL 
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Thratsi. (Or. BHtofiat, to see.) A placO appropriated to the representation of dramaUo 
spectacles* 

TnifiODouTB. An instrument used in surveying for taking angles in vertical oSr hothumtal 
planps. 

TuBOBkic. A proposition which is the subject of demonstration. 

TRKBMiB. See Bath. 

Thobovok Fbamikq. The framing of doors and windows, a term almost obsoleto. 

Thorough Lighted Rooic. A room having windows on opposite sides. 

Threshold of a Door. The sill of the door frame. 

Throat. See Gorge and Cuimnet. 

Through or Thorough Stoke. A bond stone; a heading stone going through the wail. 

Thrust. The force exerted by any body or system of bodies against another. Thns the 
thrust of an arch is the power of the arch stones considered os a combination of wedges 
.to overturn the abutments Or walls from which the arch springs. 

Tib. (Sax. Tian, to bind.) A timber-string, chain, or iron red connoting two bodies 
togkher, which have a tendency to diverge from each other, such as tie-beams, diagonal 
ties, truss-posts, etc. Braces may act either as ties or straining pieces. Straining 
pieces are preferable to ties, for those cannot be so well secure at the joints as 
straining pieces. See Akgle Brace. 

Tib Beam* The beam which ootanects the bottom of a pair of principal rafters, and 
prevents them from thrusting out the wall. Ftff. 1459 is an illustration of a lats 
medimval example of a species of such a roof. 



Fig. 1459. fit. llaiys Church, Leicester. 

9tii Bod. The iron rod securing the feet of the principal rafters in the manner, and in 
lieu, of the tie-beam. 

Tierce Poikt. The vertex of an equilateral triangle. Arches Or vaults of the third 
point, which are called by the Italians ierjifa aouto^ are such as consist of two arcs of 
a circle intersecting at the top. SeeiPourxvD AaoSk 

Tioka. The tie beam of an ancient timber roof. 

T IB. (Sam Tigel.) A thin piece or plete o! baked ^elay of other material used for tbf 
nxtcrnal covering of a roof. A thicxer sort senre* for paving. The fiat tiles are called 
^plain tiles, the curved ones are pan^iiles ; these latter, if ma^ with a double curvature* 
arc called Bridgewater tiles. ^ 



Fig. 1480, 
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Id ancient buildlngi ttro forms of were used. The placed iiiv regular 

rows to T^iye the shower, and the UguXa, which covered and prevented the rain from 
penetrating the joints. The latter were fixetl at the eaves with upright ornamental 
pieces <^^iad which were also repeated along the ridge at the Junction of the 

tiles. The raesenb common tiles of Italy are on this principle, and are shown by fig, 
1460, Similar tiles have of late years been manufactured in England, but the joints 
require to be set in mortar to prevent wet and snow drifting into the roof. 

Tilb Cmasin^ See OBEAsisa. 

Tiliho. The l||t of putting tiles on to roofs of buildings. The work itself is also so 
called. 

Tiling Fillet. A«chamfered fillet laid under slating or tiling, to raise it udiere it joins 
the wall, and prevent water from entering the joint. See Shbbauino, Fubbimo. 
Timbbb. (Sax, Timbpan, to build.) Properly denotes all such wood, either growing or 
cut down, as is suited to the purposes of kuilding. A single piece of wood similarly 
employed is so called, as one of the timtgmpt a floor, roof, etc. 

Tucbkbs. It is adviaable, as directed by^e Metropolitan Buildings Act 1855, that no 
timber or woodwork be placed in any wall or chimney breast, nearer than 12 inches to 
Uie inside of any flue or chimney opening: — Under any chimney opening within 18 
inches from the upper surface of the hearth of such clumney opening : — Within two 
inches from tlie face of the brickwork or stonework about any chimney or fine, where 
the substance of such brickwork or stonework is less than 8| inches tnick, unless the 
face of such brickwork or stonework is rendered : — and that no wooden plugs be driven 
nearer than 6 inches (not enough) to the inside of apy chimney opening. 

Tip (verb.) To dischai^ a barrow or waggon load of anything by tnroing it on end or 
on one side. 

Tolicen, or Holed Stone. One of the many stones attributed to the Celtic inhabitants. 
Tomb. (Gt. Tv/u/3of.^ A grave or place for the interment of a human body, including also 
any commemorative monument raised over such a place. The word embraces every 
variety of sepulchral memorial, from the meanest grave to the most sumptuous 
mausoleum. 

T^ingtje, See Gboovb. 

-Tools. (Sax.) Instruments used by artificers for the reduction of any material to its 
intend^ form, and with w^ch they are assisted in fixing and ornamenting it. 

Tootk, The iron or steel point in a gauge which marks the stuff in its passage, or draws 
a line parallel to the arris of the piece of wood. 

Toothino. a projecting piece of material which is to be received into an adjoining piece. 

A tongue or series of tongues. See Stoothimg. 

Top Bbam. The same as Oullab Beam. 

Top Bail. The uppermost rail of a piece of framing or wainscoting, as its name 
imports. 

Tope. A Buddhist monument in a temple for preserving relics. Also the large mound 
enclosed and haring ^iteways, as the celebrated Sanchi tope, dating about 600 B.C, 
Torsxl. The same as Tassal. 

Tobsion. The twisting strain on any material. 

Tobus. (Lot.) A large moulding whose section is semicircular, used in the bases of 
columns. The only difference ^tween it and the astragal is in the size, the astragal 
being much smaller. 

Touch Stone. A smooth black stone like marble. It was much used for tombs in the 
16t^ and 17th centuries, as in that of Henry VII. 

Toweu. (Sax.) A lofty building of several stories, round or ^lygonal. See Steeple. 
Town Hall. (Fr. de viUe, Gbr« 8tadikau$ and RoUhkaus.) A building in which 
the afSiirs of a town are transacted It will necessarily vary with its extent and opu- 
' lence. In towns of small extent it should stand in the market*place in n^ny of the 
• towns of this country the ground floo^r has usually columns or piers, and forms ths 
eon market, the gppeg ^Soor being generally sufficiently spacious for transacting muni* 
dpal business,. Whtm tbs sessions and assizes, as in cities, are held at Uie town ball , 
it is aeoeisary to provide two court^^ooe for the civil and the other for the criminal 
trisli, la dtifls wiiere much municipal business occurs, tbe number of apartments 
must of course be increased to meet fhe exigencies of the particulav case; and, if pos-^ 
sible, a large hall should be provided for the meetings of the corporation. On ths 
grott^ floor of the first class of town halls, courts, porticoes, or sreades, or spacious 
staircases, should prepare fet and kad to the Im^ i^partments and courts of law. 
Every means should be employed in providing ample egmss and ingress to the persooi 
sssembiing, Fire-proof muniment rooms should be provided for the records snd 
isootmts, O^T or Law, 

Ear the diermeitioii .of tkaie buHdiuM the alndemi nav turn with mrofit to the 




side from the tower, the piers of the loggia, ^hich on the basement extends along the 
front, consist, at least three of them, of columns whose date is evidently a century earlier, 
and which it is probable were left when the main front of the building was carried up. 
Indeed, it seems highly probable that when the architect Jean van Ruysbroeck undertook 
the tower, his part of the work, the hotel was in existence as high as the one-pair door. 

The whole of the tower seems rather later than date above given, which accords well 

enough with the northern wing. The authoritii|H|S have look^ into scarcely, however, 
admit us to doubt its correctness. As the buiia^pf'etands executed, taking One of the 
bays on the northern side as a measuring unit, there are three measuring the central space 
for the tower, ten for the north wing, and eleven for the south wing ; the height, to the 
top of tht; para|3et, nine; to the ridge of the roof, thirteen ; to the top of the spire, thirty- 
three. Tlie tracery on the spire is very elegant, and is pierced throughout. It is J 164 feet 
high, and crowned with a copper gilt colossal statue of St. Michael, the patron of the 
city, 18 feet high, which is so well balanced upon the pivot on which it stands that it is 

.11 /. j 'Tu- *i,« w— . 
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such cases. Besides the Grande Saile, there nre many interesting apartments, soire wherec^f 
possess ceilings of great beauty. This fine monument is perhaps the most admirable 
example of the adaptation of the style to secular architecture that can be quoted. 

Smaller in plan, but more beautiful and symmetrical, is the hotel de ^ille of 
Louvain. It is the most perfect, in every respect, of this class of buildings in Europe. 
Nothing can surpass ^ 

the richness and deli- ® 

cacy of the tracery 

upon it Like that at m ^ 

Brussels, It consists of - f 

tliree stories, but has 
no tower. Commenced 
in 1448, it was not 
completed till 1463 by 
Dc Layens. It stands 
on a bite of about 85 
feet by 42 feet ; so that 
it derives little ad\an- 
tage from its absolute 
magnitude, and per- 
ha})8 appears less than 
it really is, from the 
great height of the 
roof, which is pieretd 
by four tiers of dor- 
mers or lucarncs. 1 he 
angles are flanked by 
turrets, of which some 
notion may be formed 
by rcfeicnco to fg 
1460b, and the ridge 
of the roof is received 
at each end by another 
turret corbelled over | 
fVom the gables. The 
facade towards the 
P/are extends rather 
more than the height, 
and is pierced with 
tw’enty-eiglit windows 
and two doorways, be- 
ing ten openings in 
each story, the spaces 
lictween the windows 
being decorated with 
canopies, and groups 
of small figures from 
the Old Testament, 
some whereof are 
rather licentious. Tins 
charming edifice, which 
in its delicate rich ^ 
traceiy had suffered 
much from time and 
the elements, has, at 
the joint expense of tlie 
town and government, 

undergone a complete renovation. This has, stone hy stone, been effected w ith great care 
and artistic skill by M. Goyers, The new work being executed in \ery soft stone, which, 
however, hardens with exposure to the air. it has Ikhjo saturated with oil. 

Tn form, though not in features, totaMy different firom the hotels de ville we have 
just left, is (bat at Ghent, never completed, but exhibiting, in wbat was eitecuted of 
the design, a choice example of the last days of the flamboyant period. It was begun in 
1481 ; in it are all those kdications of change in the sofites and curves, as well as in the 
fnliaira and tracer V. that eVentuaRy proved its downfall; and the style iaaow out of 
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reality there are more ; and the transoms, which abound In the apertures, seem to rcig* 
in accordance with the horizontal arrangement of lines which was so soon to supersrae 
the flaming curves that had prevailed for nearly half a centui^. The elegant turret or 
tribune at the corner, with the part adjoining, in tiie richest flamboyant Gothic, is by 
Eustace Poll ejt, 1527-60; the other fa9ade, 1600-209ha8 columns of three different 

The m^^l^lMted of town halls in Europe was that of Amsterdam, erected during 
the first half of the 17th century by Van Campen. The design is given in DuraniTs 
ParaUHe, and it also forms the subject of a volume, in folio, published in Holland, in 
1661-64. The town halls at Antwerp and at Maestricht may be also referred to, but 
these have now been surpassed by modem structures ; amongst them may be mentioned 
the town ball at Berlin, 1881. The H6tel de Yille at Paris was commenced 1688, and 
continned from 1649 or 1659 on the designs of Domenico Boccadoro^ called by the 
French Dominique de Cortone, in what is now termed the style of the Benaissance. 
The additions which became necessary in consequence of the extended business of 
the city were executed in the same style, and the building presented one of the finest 
and most picturesque fi|||pe8 of the city, until 1870-71, when it was destroyed by 
fixe ; its reconstruction v^fetarried out by Theodore Ballu. 

St. George’s H&U, atlSverpool, with the town halls at Leeds, Halifax, Man- 
chester, and other towns, Imrge and small, are modern examples. Such a building, 
for a moderate-sized markfl town (as referred to previously), might require, on the 
ground floor, a wide entrain vestibule, out of which would be a room for the police, 
with four or five cells for prisoners ; an office for the board of health, witnesses* 
room, magistrates’ room, with a staircase to the first floor, to consist of a common 
hall, at one end of which, or in the middle of one side, would be arranged the courts 
for any local purposes, as a county court perhaps, with a retiring room for its chief. 
This liall would require a staircase for t)^ public, entering at once from the main 
thoroughfare. Apartments for the resident policeman, and the usual conveniences, 
will also be necessary. 

Tbabeation. Another term for Entablatubb. 

Tbabs. The Latin term for a wall-plate. 

Tracery. In Gothic architecture, the intersection, in various ways, of the mulHons 
in the head of a window, the subdivisions of groined vaults, &c. See Window 
Tbacbby 

Tbachelilm. (Lat.) The neck or space immediately below the capital in the Boman 
orders. 

Tracing Cloth. A fine white cloth, prepared in a himilar way to paper for render- 
ing it transparent. Having a very greasy surface it is not so easy to work upon it ; 
and as it shrinks much if wetted, no large washes of colour can bo put on it ; even 
many small tints are detrimental to accuracy. Lines made in error can be erased 
by gently using a brush damp^ with some soapy water. The cloth renders this 
paper much stronger than tracing paper, and it is now conl^ntly used for working 
drawings. 

Tracing Paper. A tissue piper made transparent by a preparation of turpentine and 
wax, slightly washed over it and then allowed to dry. Formerly resin and oil were 
used, as may be seen in the old sketch books, where the paper has turned a dark brown 
colour, ^nd sometimes sticks to the leaves. In England it is made in sizes of 60 in. by 
40in. ; 40 in. by 80 in. ; and 80 in. by 20 in. The last-named size is also made of a 
thicker paper. The following are the sizes of modem French-made tracing paper. It 
is also n^e 40 in. wide, and 21^ yds. in length 

iof. lot. ins. ins. 

Komain • • - 16 by 12 Carr6 - • - • 22 by 17 

Telli^re - - - 17 „ 18j Grand raisin - - - 24 „ 18 

Couronne - - - 18 „ 14 J^sos - - • - 80 „ 22 

Serpente - • - 22 „ 14 Colombier - - • 80 „ 23 

Ecn - • - - 20 „ 16 Grand aigle - - - 46 „ 27 

Besides this, J. Poore and Co. make a ferro-pmssiate paper, which gives white lines 
eo a blue ground, and Buppli0|tin rolls thirty and forty inches wide, of thin, thick, and 
extra thick paper. This not having been considered a very satisfactory process, a 
^ black-line p^ess,” by Bemrose and gons, of Derby, has lately been brought out 
(1688), byVhich copies of the original drawings can ne produced; they can also be 
eolovi^ and treatedf as ordinajy drauings. It is called ** Perfection Brand l^nsitiaed 
Paper” (bUuflc-Hne proceas). 

Tb^ikos. An aniline process of photographic printing was patented a few years 
aince by Mr. Willis, whereby fhe-simile copies of tmcingi are obtained, of the su«M 
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lAre as the originals, howsrer large their dimensions, and copies eaa be supplied in a 
few hours. Delicate tinting as well as the black outlines are faithfully reproduced. 
By this process uo cost is incurred for drawing, engraTing, or lithographing. Drawings 
on thin ^wing paper and on parchment can also be copied by this process. 

Tiumhkl. An instrument for describing an ellipsis by continue motion. 

Transept (quasi Trausseptum). The transverse portion of a cruciform church ; that part 
which is placed between and extends beyond those dirisions of the building containing 
the nave and choir. It is one of the arms projecting each way on the side of the stem 
of the cross. 

Transition. A term used to denote the passing from one period of a style to another, 
exhibiting features peculiar to both, some of which have not quite been given up, 
and some of which were beginning to be introduced. 

Transom. A beam or beams across a window to divide it into two or more lights in 
height. A window having no transom was formerly called a clear-story window. 

Transtba. (Lat.) The horizontal timbers in the roofs of ancient Roman buildings. 

Transversu. Lriog in a cross direction. The transverse strain of a piece of timber is 
that sidewise, by which it is more easily bent or broken than when compressed or drawn 
as a tie in the direction of its length. 

Trap. In drainage and water escape, an article formed in any material to prevent the 
escape of foul air ; such as a bell trap, syphon trap, D trap, &c. 

Trapezium. (Or.) In geometry, a quadrilateral figure, whose opposite sides are not pamlleL 

Trapezoid, (dr.) A quadrilateral figure having one pair of opposite sides parallel. 

Traverse A gallery or loft of communication in a church or other large building 

Tread. The horizontal part of the step of a stair. It citn be greatly protected where 
there is much traffic, by squares of haM wood inserted grain upwards into a light cast- 
iron frame, which is then secured to the original tread. 

Trefoil. In Gothic architecture, an ornament consisting of three cusps in a circle. 

Tabllicb. a reticulated framing made of thin bars of wood ; it is used as a screen to 
windows where air is required for the apartment, &c. 

Trenail. A large cylindrical wooden pin, used in roof work and framing. 

Tresskl or Teussel. Props for the support of anything the under surface of which is 
horizontal. Each tressel consists of three or four legs attached to a horizontal part. 
When the tressels are high the legs are sometimes braced. Tressels are much us^ in 
building for the support of scaffolding; and by carpenters and joiners while ripping and 
cross-cutting timber, and for many other purposes. 

Triangle. (Lat.) A plane rectilineal figure of three sides, and consequently of three 
angles. In measuring, all rectilineal figures must be reduced to triangles, and in con- 
structions for carpentry all frames of more than three sides must be reduced to triangles 
to prevent a revolution round the angles. 

Triangular Compasses. Such as have three legs or feet by which any triangle or any 
three points may be taken off at once. 

Tribune. See Apsis. 

Triclinium. fLat) The room in the Roman house wherein the company was received, 
and seats placed for their accommodation. It was raised two steps from the peristyle, 
and had therein a large window, which looked upon the garden. The aspect of winter 
triclinia was to the west, and of summer triclinia to the east. 

Trifobium. (Lat.) The galleiy or open space between the vaulting and the roof of the 
aisles of a church, generally lighted by windows in the external wall of the building, and 
opening to the nave, choir, or transept over the main arches. It occurs only in large 
churches, and is varied in the arrangement and decoration of its openings in each 8uo> 
ceediug period of architecture. See fys. 1417 to 1422. There is no triffirium in 
abbey church, nor to the choir at Bristol cathedral. 

Tbigltfh. (Gr. Tpsis, and TKv^ri, a channel.) The vertical tablets in the Doric frieze 
chamfered on the two vertical edges, and having 
two channels iu the middle, which are double 
chaunels to those at the angles. In the Grecian 
Doric, the triglyph is placed upon theang^e; but 
in the Roman, the tnglyph nearest the angle is 
placed centrally over the column. The space be- 
tween the channels was called h femur ^ndmeros. 

Fig, 1461 is an example of a triglyph with the 
metope dacoratedwith a bull's skull and garlands, 
as used in Italian architecture, by Sir William 
Chambers and others. See Shank. 

Hitriglvpk is the arrangement by which two triglyphs are obtained in the fitiena 
between tboee which stand over the columns. 

»*t avA tbrAA jio nlaced. 



fig. 1461. 
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TRiooNOMKTaT. (Gr. three, an angle, and I measure*) The science 

of determining Uie unknown parts of a triangle from certain parts that are yiven. It 
is either or spherical ; the first relates to triangles composed of three right lines, 
and the second to triangles formed upon the surface of a sphere by three circular arcs. 
This latter is of less importance to the architect than the former. 

Tiuijltbral. (Lat.) Having tlxree sides. 

TuiLirnoN. Two upright stones linked together by a third on the top like a lintel ; many 
sudi are seen at Stonehenge. 

Trim. (Verb.) To fit to anything ; thus, to trim wjo, is to fit up. 

Trimmed. A piece of workmanship fitted between others previously executed, which is 
then said to be trimmed in between tliem. Thus, a partition wall is said to be trimmed 
lip between the floor and the coiling ; a post between two beams ; a trimmer between 
two joists. 

Trimmed out. A term applied to the trimmers of stairs when brought forward to 
receive the rough strings. 

Trimmer. A small beam, into which are framed the ends of several joists. The two 
joists, into which each end of the trimmer is framed, are called trimming joists. This 
jirrangeraent takes place where a well-holo is to bo left for stairs, or to avoid bringing 
joists near chimneys, etc. 

Trine Dimensions. Those of a solid, including length, breadth, and thickness; the same 
as threefold dimensions. 

Tripod. (Gr. Tptir, and now, a foot.) A table or seat with three legs. In architectural 
ornament its forms are extremely varied, many of those of the ancients are remarkable 
for their elegance and beauty of form. 

Triptych. A picture with folding doors, the inside of which is either also painted, or 
else decorated uith diapers, etc. When the picture has only one door, it is called a 
diptych. 

Trisection. The division of anything into three equal parts. 

Triumphal Arch. A building of one arch erected first by the 
Roman people in memory of the victor, his trophies being placed 
on the top. Subsequently tliey became enriched and loaded with 
ornaments, and later were penetrated by three apertures, a cen- 
tral and two smaller ones. The arch of Trajan at Ancona, and 
that of Titus at Romo, have one arch ; an arch at Verona has 
two openings ; while those of Constantine, Septimius Severus 
1462 as restored) and others, have three. There are 
numerous modern examples, such as the arc de I’etoile at Paris . 

the arco dalle pace at Milan ; the marble arch at London, etc. ^voriw^’as^tlM^? 

Trochilus. (Gr. T/»ox‘Aoj, a pulley.) An annular moulding whose ' 

section is concave, like the edge of a pulley. It is more commonly called a scoiia^ and 
its place is between the two tori of the base of a column. 

Trochoid. (Gr, Tpox^v, a wheel, and E<5of, shape.) A figure described by rolling a circle 
upon a straight line, such circle having a pin or fixed point in its circumference upon a 
fixed plane, in or parallel to the plane of the moving circle. It is also called a cycloid. 

Trophy. (Gr. Tfanroiof/.) An ornament representing the trunk of a tree charged with 
various spoils of war. 

Trough. (Sax. Tpoh.) A vessel in the form of a rectangular prism, open on the top for 
holding water. 

Trough Gutter. A gutter in the form of a trough, placed below the dripping eaves of 
a house, in order to convey tlie water from tlie roof to the vertical trunk or pipe by 
which it is to be discharged. It is only used in common buildings and onthousos. 

Truncated. (Lat. Trunco, I cut short.) A term employed to sigmfy that the upper por- 
tion of some solid, as a cone, pyramid, sphere, etc. has been cut o£ The pak whi(^ 
remains is called b. frustum. 

Trunk. That part of a pilaster which is contained between the base and the capital. 
Also a vessel open at each end for the discharge of water, rain, etc. 

Truss. (Fr. Tronsse.) A combination of timber framing, so anran|[ed that if suspended 
at two given points, and charged with one or more weights in certain others, no 
timber would press transversely upon another except by strains exerting equal and 
opposite forces. 

Truss Partition. One containing a truss within it, generally consisting of a quadrangu- 
lar frame, two braces, and two queen posts, with a straining beambetween them, opposite 
to the top of the braces. 

Truss Boor. A roof formed of a tieboum, principal rafters, king post or queen post, and 
other necessary timbers to carry the purlins and common rafters, etc. 

Trussed Beam. One in which the combination of a truss is inserted between and let 
into the two pieces whereof it is comnosed. 
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Trussing Pieces. Those timbers in a roof that are in a state of coropression. 

Try. ( Verb.J To plane a piece of jiteiff hy the rule and square only. 

TubB. (Lat.) A substance perforated lon^tudinally ; generally quite throng its length. 

Tuck Pointinq. In old brickwork, after it has been well wash^ and the mortar raked 
out, the joints are filled with new mortar ; the face of the work is then coloured yellow 
or red, as desired. Lines to mark the joints are made by putting on a ri^e of lime 
putty with the point of the trowel over the new mortar, ana cutting it straight and to 
the required width by means of a straight edge and kni&. 

Tudor Style. A name given to the kite portion of the Perpendicular Clothic, from 
the line of sovereigns in England who reig^ during its prevalence. The arch is of 
a four-pointed obtuse shape. 

Tufa. A mass of volcanic earth, consolidated. Tufo is a mass oi agglomerated sand 
without volcanic character. Tufaceous, mixsed with tufo. 

Tumbled in. The same as trimmed in. See Trimmed. 

Tumulus. A borrow or artificial earth mound. Among the Celtic works the former was 
sepulchral, and the latter perhaps erected for beacons or for a memorial purpose. 

Tunnel. (Fr.) A subterranean channel for carrying a stream of water under a raid, 
hill, etc., or through which a road or railway is run. 

Tun of Water. See Wate^ Weight of. 

Turning Piece. A board with a circular face for turning a thin brick arch upon. 

Turpentine. Turpentine is obtained by exudation and hardening of the juice flowing 
from incisions into pine trees. To obtain the oil of turpentine, the juice is distilled in 
an apparatus like the common still, and water is introduced with the turpentine. 

Turret. (Lat. Turris.) A small tower often crowning the angle of a wall, etc. 

Tuscan Order. The first of the five orders used in Homan and Italian architecture. See 
fg. 1454. 

Xusjc. A bevel shoulder made above a tenon, and let into a girder to give strength to the 
tenon. • 

Tympanum, (Gr.) The naked face of a pediment (see Pediment) included between the 
level and raki^ mouldings. See .^tiaioi and .Xtoma. The word also signifies the 
die of a pedestal, and the panel of a door. 

Type. (Gr. Tvxos.) A word expressing by general acceptation, and consequently appli- 
cable to, many of the varieties involved in the terms model, matrix, impression, &c. 
It is, in architecture, that primitive model, whatever it may have been, that has been 
the foundation of eveiy style, and which has guided, or is supposed to have guided, the 
forms and details of each. What it was in each style is still only conjecture. 

Type. The canopy over a pulpit, also called a sound board. 

U 

Undercroft. A vault under a church or chapel. See Crypt, Croft, and Saaowos. 

Underpinning. Bringing n wall up to the ground sill. The term is also used to denote 
the temporary support of a will, whose lower part or foundations are defective, and 
the bringing np new solid work whereon it is in future to rest. See Goufino. 

Undbrpitch Groin. See Welch Groin. 

Unoula. The portion of a cylinder or cone comprised by part of the curved surface, the 
segment of a circle, which is part of the base, and another plane. 

University. An assemblage of colleges under the supervision of a senate, etc. 

Uphers. Fir poles, from four to seven inches in diameter, and from twenty to forty feet 
in length. They are often hewn on the sides, but not entirely, to reduce them square. 
They are chiefly used for scaffolding and ladders, and are also employed in slight and 
common roofs, for which they are split. 

Upright. The elevation of a building ; a term rarely used. 

URttLA. See Helix. 

Urn. (TiUt ) A vase of a circular form, destined among the ancients to receive and pre- 
serve the ashes of the dead. With the vase, it often forms a decoration to the pedestal 
of a balustrade on a terrace, top of a wall, etc, 

V 

Vagina. (Lat.) The lower part of a terminal in which a statue is apparently inserted. 

Valley. (Lat.) The internal meeting of the two inclined sides of a roof. The rafter 
which supports the valley is called the valley rofUse or voUev piece, and the board fixed 
upon it for the leaden gutter to rest upon is called the tw% board. The old writers 

called the valley rafters 

Valvb. (Lat.) Anything which opens on hinges or pivots as a door. 

VANa A plate of metal shaped like a banner fixed on the summit of a tower or steeple^ 
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Vakiskino Like. In perspectiTe, the intersection of the parallel of any original^ plane 
and the picture is cilled the vanishing line of such plane. The tmtUshiitg point is that 
to which all parallel lines in the same plane tend in the representation. 

ApOBAnnric. (Lat.) The same as Caldaritth. 

ABUTioN OF CuRVATUEB. The change in a curve by which it becomes (juicier or flatter 
in its different parts. Thus, the curvature of the quarter of an ellipsis terminated by 
the two axes is continually quicker from the extremity of the greater axis to that (n 
the lesser. There is no variation of curvature in the circle. 

Varnish. A glossy coat on painting or the surface of any matter. It consists of dif* 
ferent resins in a state of solution, whereof the most common are mastic, sandarac, Iw, 
benzoin, copal, amber, and osphaltura. The menstrua are either expressed, or essential 
oils, or alcohol, 

Vasb. (Lat. Vas.) A term applied to a vessel of various forms, and chiefly used as an 
ornament It is also used to denote the bell, or naked form, to which the foliage and 
volutes of the Corinthian and Composite capitals are applied. The vases of a theatre 
in ancient architecture were bell-shaped vessels placed under the seats to produce re- 
verberation of the sound. See Ecuba. 

Vault. (It. Volto.) An arched roof over an apartment, concave towards the void, whoso 
section may be that of any curve in the same direction. Thus a cylindric vault has its 
surface part of a cylinder. A faU-centred vault is formed by a semi -cylinder. When a 
vault is greater in height than half its span, it is said to bo eurmounted; when less, eur- 
based. A rampant vault springs from planes not parallel to the horizon. The double 
vault occurs in the case of one being above another. A conic vault is formed of part of 
the surface of a cone, as a spherical vault consists of part of the surface of a sphere. 
The plane of an annular vault is contained between two concenlric circles. A vault is 
said to bo simple when formed by the surface of some regular solid round one axis, and 
compound when formed of more than one surface of the same solid or of two different 
solids. A cylindro-cylindric vault is formed of the surfaces of two unequal cylinders ; 
and a groined vault is a compound one rising to the same height in its surfaces as that 
of two equal cylinders, or a cylinder with a cylindroid. The reins of a vault are the 
sides or walls that sustain the arch. See Fak Vaultino, 

The following table gives the clear breadths and heights in English feet, of the 
most remarkable vaulted avenues, as given by Mr. Garbett in his “ Principles of Design 
in Architecture” : — 


Date. 

^ Kame. 


Breadth. 

Height. 

Proportion. 

Tarquin I, 

Cloaca Maxima ... 


16 

26 

1 : 1-625 

let cent. 

Temple of Peace, Rome - 


83 

121 

1 : 1-46 

2nd or 3rd 

Second Temple at Baalboc 


63 

93 

1 : 1-47 

nth 

Cathedral at Speyer - - - 


45 

107 

1 : 2-36 

ISth 

Salisbuiy 

Amiens - - - 

Cologne 


85 

42 

41i 

84 

147 

145 

1 : 2-8 
1:3-6 

1 : 3*6 


Westminster Abbey - - - 


33 ! 

99 

1 : 3 

nth 

Cathedral at York (not vaulted) 


46 

92 

1 : 2 


Milan - - . 


55 

165 

1 : 8 


Choir at Beauvais Cathedral 


48 I 

167 

1 : 8-5 

16th 

Chapel of King's College, Cambridge 

40 

SO 

1 : 2 

16th 

Cathedral at Florence 

- 

65 ' 

s’*?. 

1 : 2-64 

17 th 

of St. Peter’s, Rome - 

St. Paul’s, London - 

. 

84 

1 : 1-74 


- 

41 

1 : 2 


ii. 


Thus St. Peter’s has the same external height as Amiens but gives twice the breadth ; 
yet both are considered well proportioned avenues in their respective styles. 

Vaulted Ceiliko. A ceiling built of stonei bricks, or blocks of wood, supporting itself 
on the principle of the arch. 

Vaulting Shaft. A pillar, sometimes rising from the floor, or onty f^m the capital of a 
pier, or even only from a corbel, fri>m the top of which spring the vaulting r&e cf ^e 
groining. 

Velaxxuk. (Lat) The great awning, which by means of tackle was hoisted over the 
Roman theatre and amphitheatre to protect the spectators from the rain or the sim^s nys* 

Vbllab Cupola. A term used by Alberti to denote a dome or spherical sur&ce tomi- 
nated by four or more walls, frequently used aver laxge staucases and salons, and 
other lofty apartments. 
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Yvxkrr. a very thin loaf of wood of a saperior quality, for covering furniture, etc., made 
of an inferior wood. Wafers of wood thirty-two inches wide wore made about 1824. 

Vbketun Boob. A door having side lights on each side of its frame. 

Vbnbtian Style. That style of modem Italian architecture formed by the architects of 
the Venetian states in the fifteenth to the early part of the seventeenth centuries. 

Vhebtian Wnroow. One formed with three apertures separated by slender piers from 
each other, whereof the centre one is much larger than those on the sides. 

Vent. The flue or funnel of a chimney ; also any conduit for carrying off that which is 
offensive. 

Venudxjot. a passage or pipe for the introduction of fresh air to an apartment. 

VximLATioN. The continual change of air to an apartment, or portion of an edifice, &e. 
The architect has to provide means for letting off or taking away the foul air, generally 
by apertures at the upper nart of the room, etc., to which the hot air will ascend, as 
well as to provide for the admission of fresh air in sufficient quantities to t^e its place 
or to force it out without any appreciable current. 

Veraitdah. An open ^lery having a roof supported by light pillars, and placed over 
the windows of the principal rooms of a house to shelter them from the rays of the sun, 
and under which persons can promenade for fresh air. It is some||imes enclosed with 
glass screens to form a conservatory. 

Verge Boards. See Barge Boards. 

Verhicttlated Work. (Lat.) A term applied to ru8tic»work which is so wrought as to 

* have the impcarance of having been eaten into by wOrms. 

Vertex, ^Lat. the top.) A term generally applied to the termination of anything 
finishing in r point, as the vertex of a cone, etc. 

Vertical Angles. The opposite ones made by two straight lines cutting each other. 

Vertical Plane. One whose surface is perpendicular to the horizon. 

Vesica Piscis. (Lat. a fish’s bladder.) A ibrm which may be produced in the endeavour 
to gain two lines at right angles with each other. Arcs of circles inclosing two equi- 
lateral triangles drawn on the same base line will also produce it. It was a monogram, 
which has been supposed to be connected with the plan and form of churcheE 
erected during the madiaeval period. Many medimval seals of ecclesiastical and other 
communities wore designed on the same form, and have been imitated of late for those 
of somo archaeological societies. See Symbolism. 

Vkstibulk. (Lat. Vestibulum.) An apartment which serves as the medium of communi- 
cation to another room or series of rcoms. In the Homan houses it appears to have 
been the place before the entrance where the clients of the master of the house, or those 
wishing to pay their court to him, waited before introduction. It was not considered 
ns forming a part of the house. The entrance from the ves/ibulum led immediately 
into the atriuiUt or into the cavmdium. 

Vestry. (Lat. Vestiarium.) An apartment in, or attached to, a church for the preserva- 
tion of the sacred vestments and utensils. A sacrisfy ; see Bxagonicum. 

Vibration. A motion or combination of motions. The theory of the vibrations of the 
prticles of an elastic fluid is tlie key to what is known of the phenomena of sound and 
light : and it is supposed that the causes of the sensible phenomena of heat, electricity, 
and magnetism will be found in die vibrations of matter of some kind. It is stated 
that iron kept constantly in a state of vibration oxidates less rapidly than ^at which 
is at rest, as exemplified in railway rails. It is recorded that the greatest vibration oh 
the timber temporary bridge over the river Thames at Blackfriars was produced by 
empty four-wheel oibs. The vibration on the top platform, though it appeared con* 
sidenible, was in fact only n quarter of an inch. 

Vice or Vis. (Fr.) An old term applied to a spiral or winding staircase. In mechanics, a 
machine serving to hold fast anything worked upon, whether the purpose be ffifing, bend* 
ing, riveting, etc. 

Villa. A Country-house for the residence of an opulent person. Among the Eomans 
there were three descriptions of villa, each having its particular desUnadon, namely, 
the ViUa urhana^ which was the residence of the proprietor, and contained all the 
conveniences of a mansion in the city. The ViUa rustica^ which confhined not only 
all that was essential to rural economy, such as barns, stables, etc., but comprised 
l(^ging apartments for all those who ministered in the operations of the farmix^ esta- 
blisnmont The Vilia fructuaria was appropriated to the preservation of the different 
prodnetions of the estate, and contained we granaries, magasiues for the oil, cellars fgar 
wine, cto. 

Village Hxmtxtal. A class of building lately recommended to be formed in small loeali* 
ties for the purpose of preventing the spreM of fsvers, &o., by at once placing the sick 
under proper treatment. 

Vimanr. Tne name for the temple of the Hindoos, in front of which is the maniapt^ cf 
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VisoMUM. (Lat) See AMPHnOTiTRB. 

Visual Point. In perspective a point in the horizontal line in which the visual rays unite. 

Visual Rat. A line of light supposed to come from a point of the object to the eye. 

ViTRUviAN Scroll. See Scroll. 

ViTRiFiCATiOK. The hardening of argillaceous stones by heat. See Brick ; Tbrra Cotta. 

Vivo. (ItaJ.) The shaft of a column. 

Volute. A spiral scroll which forms the principal feature of the capital of the Ionic 
order in Greek and Roman architecture. The capital of the Corinthian order has one 
smaller in size (^Hhlix), which is enlarged in that of the Composite order. Several methods 
have been put forward of describing the spiral lines of the Ionic volute. The returns or 
sides are called pulvinata or pillows. Balteu$ is the outer fillet on the side of the volute. 

VoMTfOBiuif. (Lat) See Amehithkatrb. 

VoussoiR. (Fr.) A wedge-like stone or other matter forming one of the pieces of an 
arch, ^e Arch. The centre voussoir is called a keystone: 

Vulcanised India Rubber. A material perhaps only brought into requisition by the 
architect for the purpose of excluding draughts from doors and the entry of dust into 
closets or cases. As a tube, with or without a spiral wire in it, it is greatly used for 
movable gas-lights. 


W 

Waggon-headed Ceiling. Ibe same as cylindrical coiling. See Vault. 

Wainscot. (Dutch, Wayschot.) A term usually applied to the oak ordeal lining 
walls in panels. The wood originally used for this purpose was a foreign 
and called wainscot, hence the name of the material became attached to the work 
itself. 

Wall. A body of material for the enclosure of a building and the support ef its various 
parts. ** External wall *' shall apply to every outer wall or vertical enclosure of any 
building, not being a party wall (Metropolitan Building Act, 1855.) “ Cross wall ” 
shall apply to every wall used or built in order to be us^ as a eeparation of one part 
of any building from another part of the same building, tavii building being wholly in 
one occupation. {Idem.) See Party wall. 

Walings. See Shoring. 

Walls of the Ancients. 8ee Masonry. 

Walls, Cased. Those faced up anew round a building, in order to cover an inferior 
material, or old work gone to decay. 

Walnut. A forest tree used in cabinet work. 

Washer. A flat piece of iron, or other metal, pierced with a hole for the passage of 
a screw, between whose ant and the timber it is placed, to prevent compression 
on a sm^l svrfiMse ol the timber. Also the perforated metal plate of a sink or 
drain, which aaa be removed for letting off the waste water, and thus more easily 
deanmiig It. 

Wastoko. Splitting off the surplus stone from a blodi, with a point or a pick, reducing 
it to nearly a plane surface. In Scotland it is called clouring. 

Water. See Weight. 

Water Joint. A joint between two stones in the paving of a terrace, where each side 
of the joint for about an inch is made level and then rounded off into a sinking of 
the stones, to prevent water lodging in the joint, especially if occasiondly covered 
with it, as a river landing-place. 

Water Joint Hinge. A hinge made into a sort of loop at the turning part, whereby it 
is less likely to stiffen by rusting, as it is generally used in out-door work# 

Water Shoot. See Square Shoot. 

Water Supply. See Plumbery. See Aqueduct. 

Water Tabl% An inclined plane where a wall sets off to a larger projection, for the 
purpose of throwing off any water that may fall upon that plane, and is principally 
used to buttresses ai^ other similar parts of mediseval buildinffs : but in all styiM it 
is an efficient way of attaining the aWe desirable object. Where a stone entablature 
occurs, tho top is often covered with lead to prevent water soaking through. 

Waves. In many engineering works, the weight of the stone to be employed is of the 
utmost importance, especially for low buildings occasionally under water, ishere there 
is a raj^ cuirent, or where they are subject to the influence of powerful waves. Such 
circumstances will require a heavier stone to be nsed than may at first have been con- 
sidered necesssiT, because all bodies immersed are reduced in weight bv so much as 

la A/tnol 4'/* » • # .. »* 
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lighthouse was 3,013 lbs. The highest force obserred was 6,000 lbs. Fd^eight of 
water, see Wkioht. 

W'sATHKB Boabdino, Boards nailed with a lap on each other, to jmyent the penetration 
of the rain and snow. The boards for this purpose are generalljr made thinner on one 
edge than on the other, especially in good permanent work. The feather* edged board 
is, therefore, used in such cases, the thick edge of the upper board being laid on the 
thin edge of that below, lapping about an inch or an inch and a half, and the nails 
being driven through the lap. 

Weathkh Moulding. A moulded string course. The projecting moulding of an arch, 
having a weathered or sloped surface at top, serving to throw off the lain, and to pro- 
tect the other mouldings. See Hood Mould. 

Weatheb Tiling and Slating. The covering an upright wall with tiles, or with slates. 
Wkdob. (Dan. Wegge.) An instrument used iox splitting wood or other snbstancee ; it is 
usually classed among the mechanical powers. 

Wmght. (Sax. Wiht.) In mechanics, a quantity determined ^e balance ; a mass by 
which other bodies are examined. It denoU'S anything fo be raised, sustained, or 
moved by a machine as distinguished from the power, or that by whiclx the machine 
is put in motion. 

Weight, in commerce. A body of given dimensions, used as a standard of comparison 
for all others. By an act of parliament passed in June, 1824, all weights were 
to remain as they then were, that act only declaring that the imperial standard 
pound troy shall be the unit or only standard measure of weight from which all other 
weights shall be derived and computed ; that this troy pound is equal to the weight of 
22*815 cubic inches of distilled water weighed in air at the temperature of 62® of 
Fahrenheit’s thermometer, the barometer being at 30 inches, and that there being 
5760 such grains in a troy pound, there will be 7,000 grains in a pound avoirdupoia 

Tboy Weight, 

24 grains- 1 pennyweight. 

480 . , . « 20 » 1 ounce. 

6760 . . , *=240 *=>12 . . . — 1 pound. 

Avomnopois Weight. 

16 drams— 1 ounce. 

256 ...» 16 ... a 1 p jutid. 

7168 ..." 448 . . . « 28 . . . «« 1 quarter. 

28672 . . . « 1792 . . . « 112 . . . » 4 . . . . » 1 cwL 

57^440 . . . -8584(1 , . . *=2240 . . . =80 .... =20 . . « 1 ton. 

The avoirdupois pound: pound troy : : 175 : 144, or : : 11 ; 0 nearly ; and an avoirdu* 
pois pound is equal to 1 lb. 2 oz. 11 dwts. 16 grains troy. A tioy ounce — 1 oz. 1*55 dr. 
avoiniupois. 

The following is a table of weights according to the French system. 

ffaniM. French ralae. EnglUi ealne. 

Millier, 1000 kilogrammes — 1 French ton 19*7 cwte. 

Quintal, 100 kilogrammes - - - -- 1*97 cwt. 

/Weight of one cubic decimetre of water of / 2*6803 lbs. troy. 
Kilogramme, the temperature of 89® 12' Fahrenheit.* \ 2'20551b8. avoirdupoia 
1 1 -i / 3*2 ounces troy. 

Hectogramme, ^ of kilogramme • - • - — ^ avoirdupoia 

Docacramme, ris of kilogramme • • ** - <• 6*43 dwts. troy. 

p5*438 grains troy. 

Gramme, of kilogramme • - - -«< 0*643 pennywo^^ 

I 0^032 ounce troy. 

Decigramme, yjjfe of kilogramme - • - - « 1*6438 grain troy. 

The following table exhibits the jffopofftioa of weights in the principal places of 
Europe to KM) lbs. English avoirditpoia 

100 Iba English « 91 lbs. 8 oss. for the pound of Amsterdam, Paris (old), &c, 

m 96 8 — Antwerp or Brabant 

o 88 0 — Rouen (the Viscounty weight). 

a 106 0 — Lyons (the city weight). 

a. 00 9 — Rochelle. 

K 1 07 11 — Toulouse and Ui^ Languedoe. 

^ -113 0 — Marseilles or Provence, 

^ » 81 7 — Geneva, 

M 93 5 — Hamburgh. 
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^100 lbs. English » 06 lbs. 1 ozi. fbr the pound of Leipsic, &e. 

— -187 

4 


Genoa. 

— -132 

1 

— 

Leghorn. 

— -163 

11 

— 

Milan. 

— -162 

0 

— 

Venice. 

— -164 

10 

— 

Naples. 

— -97 

0 

— 

Seville, Cadis, &;c» 

— -104 

13 

— 

Portugal. 

— -96 

6 

— 

Liege. 

— -112 

oi 

— 

Russia. 

— -107 

Ni 

— 

Sweden. 

— -80 

Oh 

— 

Denmark. 


The Paris pound (poids de marc of Charlemagne) contained 9216 Paris grains ; it 
was divided into 16 ounces, each ounce into 8 gros, and each gros into 72 grains. It 
is equal to 7561 English troy grains. 

The English troy pound of 12 ounces contains 6760 troy grains « 7021 Paris grains. 
The English avoirdupois pound of 16 ounces contains 7000 English troy grains, and is 
equal to 8538 Paris grains. 


To reduce Paris grains to English troy grains, divide by 
Or, to reduce English troy grains to Paris grains, multiply by 
To reduce Paris ounces to English troy, divide by 
To reduce English troy ounces to Paris, multiply by 


) 1-2189 
1 1-015784 


Wkioht of Man. As guidance in providing suflGicient strength in a floor loaded with 
human beings, the following weights are subjoined : — 

Mean weight of a Belgian - - 140*49 lbs. Mean height, 6 feet 6} inches. 

„ Frenchman • 136 89 „ „ 6 „ 4 „ 

„ Englishman • - 160*98 „ „ 6 „ « 

The wei^tin travelling carriages usually taken is 166 lbs. 

Supposing, therefore, each individual in standing to occupy 2 6 superficial feet, which 
would be close to one another, and indeed closer than pleasant, on a square of flooring 
there would be 40 persons, and 40 x 160*98 lbs. » 2*96 tons. The average surface 
of a man's body is usually considered about 16 superficial feet, which would give a 
cubic content of 3*96 feet, and a consequent specific gravity of 612. 

Weight of Matrqials. As, in the construction of warehouses, it is essential for tho 
architect to know the probable weight of merchandise which his client may probably 
put upon the respective floors, the following tables may be found useful. The second 
one iB taken from the Papers of the Corps of Royal DnginccrSy 1832, iii. 192, contri- 
buted by Major Harry B. Jones. 


Aulrim. 

WeijAtor 

acttnoS. 

Cable fed 

Articlet. 



Welitbt or 
• nsMo ft. 

Cable IbM 

thk 

m on* ton. 




Ibt. 

■> one ton. 

Asbes. 



87 

60*8 

1 Bay, well pressed 


8 


—S2 feet - 1 chaldron 


19*8 





46*6 

Brirastono • 




Iron, cast - 
— wrought 



480 

8 

Chalk, from 



140 

16*8 



4t7 

4f 

— to - 



16G 

18*78 

lime, stone 



88 

424 

Clay, from • 



120 

18*66 

— chalk . 



44 

81 

— to - 


* 

188 

- 17- 

Karl . - 




18 

Coal. Cannel 


• 

84 

26*66 

Hortar, from (old) 


88 

284 




86 

- 89 ‘ 

— to (new) 



no 

19 

— Newcastle 



80 

48 

Klghtsoil > 




18 

— Navy allowanoe 

• 


48 

Sand, from • 




28|to28 

tloale, average 



80 

' 48*8 

— river 



118 

19 




. 48. 

Sbing^ 



80 

284 

Coke - 



47 

Slate . * 



180 

124 

Cork - 




149*84 

Straw- 




TruM-SO tbs. 

Oonccete • 



m 

18*66 

— well pressed 





Barth, from 



98 

21*8 

Sugar- 




69*0 

— to • 

Ftr . - 



m 

18 

68*18 

— bofflieod 8*11 
mkkue — 184 cwt 

in 



Flint - • 



164 

18*88 

Talbw 

. 



88*6 

GlaatfCroirn 



18T 

14*28 


. 



20*6 

-fUnt - 



167 

12 

Bit! 'll lii 
lljjnlEpjSffl 

. 


112 

96 

— Plato • 
Omvel 



184 

118 

12*166 

12*78 

no 


8» 

41 

M 

— Coarse • 



120 

18*66 

- . 

• 


87} 

88*8 

Qnm • 




24*69 

Warehouse, mean for 


40*0 

Hay . ^ 



8 

TrannM to 60 ib«. 

Shipping, ditto 

• 

j 


88*0 
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AltlokM. 

DMartpUon. 

Wctirhtflr 

Natnltcr. 

ArtlclM. 

Dwcriptlon. 


1 Ashes - 


Barrel 


6b 1 ton 

Linen, doth 


Box- 

daltOQ 

Bleaching powders 
Baoon - • . 

Cask 

Barrel 


2i^ to 7 cwt. 
6*1 ton 

Ltosee/mesl 


Bale- 

Cask 

^ 9-4 

oo 

n 



Bale- 


24 owt. 

Machinery - 


Package - 

84 owt 

Barley - 


Back 


20 stone 

Muriatic add 


Carboy 

60 Ibe. 



Quarter 


4s 1 ton 

Oatmeal 


Bog - 

2 cwt. 

Barm - 


Cask 


8 owt. 

Oats . . 


Sack 

24 stone 

Beans - • 


Hogshead 


5i cwt. 



Quarter 

by 6 for tona 



Quarter 


4 si ton 

ou . . 


Cask 

8 cwt 

Bewor Ale • 


Barrel 


84 cwt. 

Oxen • 


Number - 

5^ owt 

It II • 


Hogshead 


6t owt. 

M * • 


Number <4* 

by 8 for ton 

Beef - 


Barrel 


8 cwt. 7 lbs. 

Paper - 


Bale- 

20 lbs. 

Books - 


Cose* 


1 to 5 cwt. 

Peas - 


Bag - 

2 cwt 

Bran - 


Back 


lowt. 

Pork - 


Tierce, Cask 

4^ to 5 Cwt 

Bread • 


Bag - 


1 cwt. 

Pigs - 



I cwt or 80 lbs. 

Butter - 


Cask 


90 lbs. 

„ Ist date 



5=1 ton 



Firkin 


J cwt. 

„ 2nd class 



7=1 ton 

Candles 


Box • 


20 to 40 lbs. 

„ 8rd class 



15=1 ton 

Cattle, 1st class 


- 


l^sl ton 

„ 4th class 



23=1 ton 

„ 2nd edass 


- 


2sl ton 

Poultry 


Crate 

2 civt 

„ 8rd class 


• 


8s 1 ton 

Quills - . 


Bale- 

2 cwt. 

„ 4th class 


- 


4sl ton 

Hags • 


Bag - 

2 cwt. 

Coal - 


Ton 



Bum - * 


Hogshead - 

56 to 58 gals. 

Coffee - 


Barrel 

. 

24 cwt. 

## • 


Gallon + 

by 224 for tons 

Cotton, manfetrd. 

Package 

• 

3} owt 

M • • 


Cask 

8 to 32 gals. 



Yards + by 

e.OOPiag tons 

Runnet 


Cask 

1 cwt. 

Drugs - 


Package 

. 

2 cwt 

Salt • 


Bushel 

56 Ibe. 

Earthen waro 


. 

Hcilrt 

Silk - 


Bale- 

cwt 

Eggs - • 


Box - -- 

. 

lOsl ton 

„ manufactured 

Yard + 

6,000 for tons 

• • 


Numbor+bv 
Crate or Kish 

28,000 for tons 
6 cwt. 

Sheep - 


(Number - 

1 I. + 

60 lbs. 

by 83 for tons 

Flax - • 


Bale- 


10 cwt. average 

Sugar - 


Hogshead - 

10 owt. 



Bushel 


48 Ibe. 1 qr. 

Tallow, Irish 


Cask 

10 cwt 

Flax seed • 


Cask 


8^ cwt 

„ Foreign 

Tanners' waste 


Cask 

8 to 18 cwt. 

Feathers • 


Bag - 


3 cwt 


Package - 

8 owt. 

Fish . • 

G-laas • • 


Barril 

Cask 


8^ cwt. 

1 cwt. 

Timber 


(Log, 40 to) 
t 1*20 feet f 

1 to 3 tons 

Glue • 


Hogshead 


10 cwt. 

Tinned plates 


Box • 

Si cwt 

Haberdashery 


Package 


si owt. 

Tongues 


Firkin 

1 cwt 

Hair • 


Bale 


8 cwt. 

Tow* - 


Bale- 

1 met. 

Hams • • 


Barrel 


8} cw-t. 

Vetches 


Sack 

2 cwt 



Cask 


12 cwt. 

Vinea;ar 


Cask 

8 cwt. 

Hardwares • 


Package 


84 cwt 

Vitriol 


Carboy 

60 lbs. 

Hides, untanned 


Number 


40sl ton 

Wine • 


Cask 

12 cwt 



Bundle 


70 lbs. 

Wheat 


Barret 

20 stone 

Honey - • 


Cask 


4 cwt. 



Quarter - 

4 cwt. 

Horsos- i 
Horn tope 


Number 


10 ovt. 

Whiskey « 


l^icheon - 

10itol2cwt 


Hogshead 


8 owt. 

Wool - 


Bale 

( 8 to 10 cwt 

Iron, wrought 


Package 


8^ cwt. 


> aver. 6 cwt. 

Leathir • 

XiinsD * 


Package 
Box - 


5 cwt. 

8| owt 

II • “ 


Package - 
Bag - 

8 cwt. 

3| to 9 owt. 

„ m • 


Yard + by 

6,000 for tons 

Woollen goods 

__ 

Yard + by 

j 6,000 for tons 


Tea, Bobca - 
„ Congo • 
„ HyBon - 
„ Bouohong 
„ Twankaj 


lb«. per Cuhe ft. 
Cube. >VeiKht. ft. cubs per ton. 

2-9 X MO X 1-84 = 8*609 « 224 Ibe. = 26*02 a# 86*09 
1*104 X 1 * 84 X l* 4 i *= 4-403 b: 111 lbs. «= 23*21 n 88*87 

1 . 64 X 1 * 6 X 1 9 SB 4 048 ~ SOlbe. -s 19*76 « 118*34 

1 * 74 X 1 ’ 74 X 1*7 » 4*180 e 108 lbs. » 25*84 a 86*70 

1-114 X 1 * 6 X 1*8 b: 5*140 B. 104 lbs. SB 2028 s 110*70 

Mean 5*276 23*41 a 97*14 


X heaped Bushel of 
to 50 lbs. A ditto of 


Wheatn60 lbs. per foot cube, and 48*18 cube feet in ft ton. 
OatssSS to 40 Ite. A ditto of Coala88 to 94 lbs. 


AdlUoftf Baileya4t 


wight of = 

4 quarts a 1 gallon a 
2 galloni a 1 ggc a 

Sea water, 1 oul^ foot a 


69 8185 cubic inches a 24 Ibe. weight. 

277*274 cubic inchee a lO lbs. weight. 

554*548 cubic inches a 20 lbs. weight. 

1 bushel a 2218*192 cubic inches a 80 lbs. weight 
64 lbs. ; 85 oubio feet a 1 ton. 


A nnhio metre of water is equal in volume to 85*8174 fbet English or to 220*0967 imp. gallons. As it is 
tiMrlv saulvftlent to the old English tun of four hogsheads, holding 85-248 ouUo feet, and he it has been 
tmtaaMUmo to use on the Continent for measuring sewage and water supplj, It is now employed for the 
«mo potpoM to En g l a nd . 

WBBdVtS ^ Siif w . Two weights, one on each side of a sash, by which the sash is sns- 
pendsd and kept in the situation to which it is raised by means of cords nassi^ 
0m puUeyiL The Tertical sides of the sash frames are generally made hollow in 
aUa tMa.AYifji which, hv thia meajML mm antivalv cnncaalfid. Thtiis. in 
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Welch Groin. A groin formed by the intersection of two cylindrical v^aults, one of whic 
is of less height than the other. AIto called an nnderpiteh from, 

Weldino. The union of two pieces of iron by heating and hammering them. It require 
great care that the joint shall be of the same strength as the remainder of the metal 
Malleable cast iron does not weld. In all but the Tei7 thinnest castings, although thi 
surface has been converted into a malleable form, there remains an inner core whicl 
at the temperature required for welding falls to pieces immediately the object is strucl 
with the hammer. Good specimens may be bent double when cold, although they will 
probably break if bent back again. The metal can also be forged to a limited extent 
at a moderate red heat, although if heated above this point it falls to pieces under the 
hammer. It may be burnt together at a temperature approaching fusion, or may be 
brazed with hard solder to either iren or steel. See Soia>KBiNO Ind Brazing. 

The cheapening of oxygen by Brin’s process of maunfactnre caused Mr. Thos. 
Fletcher, of Warrington, to make frome experiments with the compressed oxygen and 
co.ll gas, whereby with a h»df-inch gas supply a joint could be brazed in a 2-ineh 
wrouglit iron pipe m about one minute, the heat being very short, the redness not 
extending over one inch on each side of the joints. AVhlding is not possible with 
ordinaiy coal gas and air, owing to magnetic oxide on the surfaces. As a good weld 
was obtaintd on an iron wire J inch diameter, with an air jet about ^ inch diameter, 
the matter should be taken up and tried further (January 1888'. 

Wbll. a deep circular pit, or soft of shaft, sunk by digging down thr|iigh the different 
strata or beds of earthy or other materials of the soil, so as to form an excavation for 
the purpose of containing the water of some spring or internal reservoir, by which it 
may be supplied. 

Well-hole. In a flight of stairs, the space left in the middle beyond the -ends of the 
steps. 

Wheel. (Sax.) In mechanics, an engine consisting of a circular body turning on an axis, 
for enabling a given power to move or o\ercomo a given weight or resistance. This 
machine iiity be referred to the lever. 

Wheelbarrow. An implement for carrying bricks, soil, &c. from one place^to another, 
which has a wheel attached in front of a box-like carriage, to which two baldles 
are affixed behind; by these the man raises the box, pushing it forward on the 


wheel. 

Wheel Window. See Cathkbink Wheel Window. 

Whetstone. A stone of floe quality by which tools for cutting wood are lrou:jht 
to a flne edge, after being ground upon a gritstone, or grinding-stone, to a roUc-h 
edge. 

Whinstonb. The name by which the marl of the lower greensand is distinguished in 
Western Sussex ; probably of Saxon origin, remarks Dr. Mantell. 

White Lead. A material forming the basis of most colours in house-painting. The 
common njethod of making it is by roiling up thin leaden plates spirally, so -as to leave 
the space of about an inch between each coil These are placed vertically in earthen 
pots, at the bottom of which is some good vinegar. The pots are covered, and ex- 
posed for a length of time to a gentle heat in a sandbath, or by bedJing them in 
dung. The vapour of the vinegar, assisted by the tendency of lead to combine with 
the oxygen which is present, corrodes the lead, and converts the external portion into 
a white substance which comes off in flakes. These are washed and dried in stoves in 
lumps, and form the white lead of the painters. It is much improved in quality by 
keeping. 

WicEET. A small door made in a gate. 

Wind-beam. An obsolete name lor a Collar-Bkam. The term is now applied to a piece 
of wood laid diagonally under the rafters of a long roof, from the foot of one truss to 
the head of another to strut them, so as to prevent the roof racking with the 
wind. 

Winders. The steps in a stircase which radiate from a centre, and are therefore nar- 
rower at one end than another. 


WiND'GrABD. One of the many names given to inventions 
draught or a smoky chimney. Amongst these are reckon 


j to cure a down 
Boyle*s patent chimney- 


cowl, a most effectual cure ” for eitig^riuggish chimney or a blow-down. Milhurn’s 

e ktent noiseless chimney cowl has i4|||||^ttiDn made of copper and brass, and will . 

St for a long time, is easily swept, fflQpbe oil box only requires refllling six 
years. Banner advertises a ** Wessex chimney cowl ” as most efficient. “ Dnyls 
Windgoard,” and the Prince” chimney pot for preventing down-bloWt are manufae- 
tured by Ewart and Son, Hammond’s patent gl^ed stonewaH chimney temiaal is 
reasonable, and stated to ensure “ a perfect cure,*’ 

WiNpiNO. The same as caiting or 
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WiKDiAss or WuroiAC*. A mocWn* for rsiring weighto, in which « rope or i* 
wound ebout a cylindrical body moved by lever*; al*o a handle by which anything i* 

An aperture in a wall for the transmission of light See Boix’s-mnt; Sm- 
lioht: Lantben light; Venbtiak WmBow. i 

Window Thacbrt. The ornamental stonework m the heads of wind^s in meameval 
architecture. The earlier windows during the early English or iirst Pointed per^ of 
mediwval architecture, were as a rule very narrow 1468) and without a dripstone. 
Later on, however, a dripstone, or perhaps mow correctly, a hood mould, was used, 
which was often continued on from window to window {fy. 1465). 




AA 



Fig. 14(53. J404. Fig. 1465. 14(56. 

As the style advanced, those narrow pointed openings were placed in couplets or triplets, 
the centre one being highest (/fg, 1466) ; and the first approach to inndow tracery was 
developed by the piercing of the wall above the couplets with a circular or lozenge 
shaped opening 1467). 




The next step in the development of the traceried window was the grouping together 
two or three of these lancet windows and enclosing them under a label or arch {fg. 1468), 
The triplet window, however, contributed much less to the development of Gothio 
tracery than the couplet, as Uiere was no necessity for the circular opening to fill up 
the spaces between the tops of the windows and the enclosing arch, as Uiat space was 
already occupied by the central light 1469), which was much taller than the others. 
Th6 combination of couplets with a circular opening between the tops is therefore the 
fundamental principle of a Gothic window, and the result produced thereby was the 
earliest form of i:'j>ATK trachry (Jtg, 1470). The east window of Lincoln Cuthwral 
(shown in the illustration 3472), which is perhaps the largest one in existence ^long- 
ing to this style, consists of two large pointed compartments, each of which is divided 
into four smaller compartments or lights, called bays or days, placed in couplets with 
foliated circles between their heads. These couplets hare also larger foliated circles 
between their heads, and in the spandril between the heads of the two large comf^ments / 
isa large circle enclosing seven smaller foliated circles, one being in the centre and six smr- 

roundirg it. The mullions or divisions between the 
lights are fronted by slender shafts with flOTiated 
capitals. This window exhibits the^^ttplmtional 
progress of tracery from the Early K |pt w |i o the 
Geometrical Decorated period. 

Fig. 1472. Outline of Bast Window, Llnooln. Fig. 1478. Fig, 1474. 

In the perfect form of tracery which was developed during the Decorated the 

slipe of wall between the narrow windows became reduced into mullions or upright bam 
of stone dividing the lights, while the tracery of the upper part of the window, of tto 
same thicknees as the nanlBone, eoBBwtsof perfect geometrical forma resting upon t^ 

^ 1 « 4U.., avtti.Tidrilft which are Disreed, and all combined or enclosed 
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onder one arch. A common form in eailier «zam|4et coniuite of three lights of equal 
height (fig. 1 i73), the head of the window contahiing three dreieeplaoed pyramida%» the 
tneidee of whi^ are trefoiled. But ae alreodj seen, the fbrm which served most to ddvelope 

thetraoeried window was toe 
couplet with a eirde abovsi 
combinations of which are 
shown in the accompanying 
diagrams (figs. 1474, 1 475) 
The windows of the nave of 
Kxeter Cathedral are for the 
most part pure specimens o^ 
this style ; although they art 
all perfectly uniform with 
each other, no two are alike 
on the same side. 






The ogival fonns introduced into the tracei^, in the next period, instead of circles, 
trefoils, etc., caused the mullions instead of terminating witn the arch of the lights, 
to be continued upwards in intermingling, wavy, or flowing lines to the top of the 
window (figs. 1476, 1477), melting as it were finally into the mouldings of the window 
arch, and forming by their intersections elongated and pear-shaped apertures, which 
are usually foliaUxl or cusped. 

The inti^uction of the ogee arch (fy, 1477) formed a new principle identical with the 
Flamboyant period in France, of which there are many examples in England. The 
Perpendicular or Bcctilinear period succeeded, as it was found that the extension up- 
wai^s could be effected by vertical lines as well as by flowing or curved ones, and with 
much greater ease (fig, 1478)* The mullions are continued upwards to the heq||^ of 
the windows so as to form perpendicular divisions, which are agjiin divided into com- 
partments by horizontal transoms, and are trefoiled or cioquefoiled at top. These 
transoms were ndceasaiy to prevent the tall mullions from being pressed out of tiieir 
verticality by the weight of the masonry above. They at last presented tbe appearance 
of being a huge screen of open panelled stonework. (Seefiga, s. v. natb.) The Pointed 
arch bi^me flatter, and at last, in the case of small windows, became quite straight, the 
tracery finishing against the head. 

Wnng Geltjui. The apartment, generally placed on the basement story, between front 
and back rooms, or else formed underground, for stowing wine. The most important 
point in its construction is its being kept at a cool equal temperature at all times of the 
year. See Brnir. 

Wiwas air^lt^fi^uiLDiKa. The side portions of a faqade which are subordinate to the prin- 
cipal mad aantnil divisions. A small baildiog attached to the centre or main portion 
by an Haile or passage, is also called a wing. 

WiBR. A afonll flexible bar of tisj sort of metal, elongated by means of a machine called 
a draw-bench. Wove iron wire is used for the floor of malt kilns ; and the size of four 
meshes to the inch is useful to place before openings in a building to prevent the acoees 
of flames from a fire opposite. 

WiBi Gauobs, Birmingham. These are a scale of numbers extensively empbyed, both 
in this country and abroad, to designate a set of arbitrary sizc^ of wire, varying from 
about half an inch down to the smallest size usually drawn. There is no authorised 
Btandpd in existence,, and a great number of gauges haW come into pracUoal use, 
differing materially from each other. It is a moae of measuring to a great nicety Tenr 
small thicknesses of The usual marks kre 00000 for half an inch, 1 staiiu 

for A, 3-4 for 11 for 16 for 81 for and so up to 3A 

WiBB Cloth. A very fine lattice work of wire used for blinds. 

WiTKB. (Sax. 1 The partition between two chimney flues in the same stack. 

Woun. (Sax.) A fibrous material mwch flsed in buffding, and fomed into shape hy 



GLOSSABY. 


im 


WwBmaL Ablo(^ofwoodettVt$>tli6lbmftndsiBeofi^livkjc,aiidiiii6rtodmai^ 
to vhka to fasten the irorks in johieiT, 

WoBxuMi Dnaimiras. Ikalrings of a design showing the detaSs, and sening as inifemo^ 
tkms to the several artifteem. 

WnniTHXD Gotuicir. That which is twisted in the form of a screw, also reiy appropii* 
ately called a contorted oolnmn. 

Wbxathio Steimo, The circnlar poxtion of a string to a stair where there is a hollow 
newel, 

Wboooht or Halleabiji laoK. Iron in its perfect condition, a amply pare iron. ^ 
strength is in general greater or less according to the greater or less purity of the ore 
or lorn employed in its manufactursb It is distinguished hjf the property of welding. 
The proof strength of wrought iron is almost exac3y one third of the breaking load. 

Wtatt’s patbmt Slatiko. a mode of slating with large squared slates, laid on rafters 
of less elevation than usual and with the breadth of the la|W much less (par. 2210i). 
Large slates were also used by the architect, James Wyatt; their lower edges being 
sawn smooth, the roofing so done has a much neater appearance than common roofing* 

Wyatt Wiicdow. The form so desigoated in Ireland, is the square-headed Venetian 
window, or a wide opening divided into three lights, 

X 

Xkxodochiuv. (Gr. Sci^os, a guest, and atxo/Mu, to receive.) A name given by the 
ancients to a building for the reception of strangers. 

Xystds. (Or.) In ancient architecture, a spacious portico wherein the atliletse exercised 
themselres during winter. The Romans called, on the contrary, their hj/^thral walks 
xyid, which wallw were by the Greeks called 

Y 

Yard. A well-knowc measure ofHhree feet. The term is also applied to a paved area, 
generally placed at the back of a house. It is also used for the ground belonging to 
a workshop, as a builder^* yard,’* etc. A long piece of timber was formerly so 
called. See Miususn. 

y MUiOW PiKi or Deal. The produce of the Pinu$ sylvestriSf or Scotch fir. This is a 
better and more lasting wood than white deal, which is the produce of the Abies excelsa, 
or communist or Norway sprucet. 

Z 

Zax, a s1atT*s axe, corrupted into sax. An instrument f6r cutting slates. 

ZiozAO Mottldiko, An ornament used in mediseval architecturo of the Norman period. 
It is the same as chevron and dancette. See 1381. It is als(^ to be seen in tha 
architecture of Diocletian’s palace Xt Spalato. 

Zinc. A metal now much used in building. 

Zinc White. A paint prefosred by some as keeping its colour longjer, and being less detri- 
mental to the workmen’s health But there is difficulty in working it, and a eoat or two 
more than is usual with white lead paint are required to produce a good surface. 

Zooco, ZoccoLO, and Zocjlh. (Ital.) The same as Socle, 

ZoPHOBUi. (Gr. Zuo^opos.) The same as Fbieer. 

ZoTHECA. A small room or alcove, which might be added to, or separated from, the loom 
which it adjoined. 
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The buddingi genercllf m e placed under the taum in which they are eUuateA 
hut ike edificee in London are placed under their naniee^ The fi^uree refer to the 
eeveral paragraphed evcep^here the letter d . ooeurBy when they r^er to the 
page, jLt toill be noticed mat occaeionally tne numbere to the paragraph are 
interrupted. 


ABA 

A bacus stone in vaulting 2003^ 

Abbeville ; St. Wulfran Church,iA47 
Abbreviaiioo, method uf ; in architectural 
compoMtion, 2857 

Aberdeen, lord ; On the pointed ar<ii, 800 
Aberdeen \ spires, p. 1002, p. 1008 
Aberthaw lime, 18485 
Aber 3 ' 6 t>vith, Cardiganshire ; castle, 402 
Abioll, Guitlermo ; architect, 598 
Abousimbel, or Ipsarabooi ; temple, 71, 92, 
166 

Abrantes ; church of San Francisoo, 603 
Absorption, 1667» 

Abury ; circles of stones, 16, 17, 40 
Abyssinian well, 2218A 
Acme ventilatii^ 2278tt 
Acounios. See ^^Isacoustic curve,** and 
Theatre ” 

Acts of Parlistnent Ibr Building, &c., 22d0t 
Adam, Robert t arohitsot, 617, 518 
Adamant cement, 2260c 
Adamantine clinker, 1889a, 18i05c 
Adams, Bernard } architect, 442 
Adams, Robert ; .architect, 441 
Adare ; friary ; tower, p. 1008 
Adel, Yorkshire ; proportion of church, p. 1014 
A delard, monk, of B*ith,8095, p. 1087 
Adelphi, in the Strand, 6l7 
Adh^ve power of mortar, &o. 1494 et seg, 
Adi, temple of ; at Ellora, 56 
Admiralty, London, 507 
Adrian L, pope ; arte under, 281 
Adsa i meter’s, 2008 
JRoluB water sprav ventilator, 2278t 
iBrarium, the ; at Rome, 218 
Aeiachot } church, 658, 560 ; 

jfistbetios in aromecture, 2498 
Affligbem } abbey ehuroh, 564 
Africano marble, 200255 
Agnelli, Gulielmo; aaehiteot, 618 
or Fora, of the Greeks, 178 

AplcSla jv^^w^under t in Britain. 881 
A5rl(,entum 4 founded, p. 948. Temjto of 
Peace andConooid, 14^ n.9^> of HereUlw^ 
i5. Colttuma worked, 1926a. Sm^Girgsati 
Agaeio, 1^ Campo ) arobiteet, 887 
t iikanee.. 28liki 


AMA 

Air, foul state of, 2278s^ 2287o. Velocity of, 
or wind, 1592a 

grating, in spec., 2288a 

required for each person, 2278a 

See “ Ventilation ** 

syphon; Chowne’s, 227^ 

to drains ; In spec., 22$6a 

vessel in pum^ 22iy 

Aisle or lean-to roofr, 2052m, 2052p, 2052 p 
A islt'S ; width of, p. lOO^f Of equal height, 
558 

Aix-la-Chapelle; ootbedral and palace, 288, 
672. Round church, p. 1008 
Alabaster; use, 200268. In windows, 615 
Aim of a Roman house, 249, 268 
Alan de Walsingham ; architect 819 
Alatrium; qyclopean remains, 82 
Alava, Juan de ; architect, 696, 698 
Alba; amphitheatre, 228 
Alberti, L^ne Battista, 824. His book, De 
He jEdyhateriaf 825 
Albiasima paint, 2278g 
Albo carbon m ligh^ 22646 
Alby ; cathedral, 682 

Alcala ; church and collage oi rue uesuits. 

867,871,598. Palace, 868 
Alcantara I bridge, 198, 222. Chnrdr, 607 
Alcazars of Segovia and Seville, 128 , ^ 

Aldnotts, house of; illustrative of Q/teek 
architecture, 188 

Alcobaya ; iponaatery and church, 891, OOL 
607 , 

^denlu^HlvM!i»rdahir« ; yhurch, p. 988 

Aldrich, dean; architect, 490 
Aleotti, G. B. { arohita^ 

Akatandrinum omia, 200260 ^ 

Alfred, king^ 1^ care ef bttiVingSf 8$8. 
Alffaf^tiTSunti On thelipera, 

Albambra ; omamenuf dflail, 126. When 

and desortg^ Codri.iif 



AunuigM r qnwaoM, J4MU 
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AICA 


ABO 


Amaniiif^ $ Domiiiioiiii munaater}', €07 
AnMif Carlo ; architMt, M 
Ambarioy, Saaaax ; irnmh 413 
Ambnabury, Wiluhlaat Vj^e, 465 
American cookinn 9tove^yjP79e. System gf 
warming, 2271^ 

Amicable Life Amurance Office, IGGCUl 
Amiens; catliedral, 810, 814, 815,541,542. 
Apee, p. 1007. Doorway, 589. .Pigrs, p. 
1023. Plan copied at C ologne, 56?. Pw>- 
portion of, p. 1058 et $eq. Windo**, p. 990, 
p. 993. Kose windows, p. 1085, p. 1087 
Animanato, Bartolommeo; architect, 881. 

His work La Citta, i5. 

Amoro.s, X. ; architect, 594 
Amphitheatres described, 228 et $eq. ^*1181 
used by the Etrascans, 232 
Ampthill. Bedfor “shire, 428, 426. ‘'Drawings 
of Old honse, ^40 
Analysis of sixteen stones, 1666 
Anastasius II., emperor ; architecture under, 
271 

Ancaster stone 1666a ; analysis, specific 
gravity, and cohesive ‘power, 1666 
^Ancona ; Arch pf Tr^an, p. 959. Church of 
San Agostino, 624 
Anderlicht, upp^r church, 669 
Andria ; castle, 625 
Angers; vaulting of hospital, 1499^ 

Angle irons. 16296. Strength of, lC80r. 
Weight, 2254 

— of vision, in perspective, how to select, 
2444 et seq. 

— ribs for square domes, 2064. Tie, 2009 
Anglesea marble, 1681 

A^lo>Saxon architecture, 883 — 397. MoulJr 
ings, p. 981 j 

Angouleme ; church, 535 
Ani, Armenia ; cathedral, 805 
Anjon ; vaulting at, 1499g^ 

Annaberg ; church of St. Anne, 588 
Annex, Giovanni, of Freiburg ; architect, 865. 
See “ Fenuch ’* 

Annuities. See ** Compound Interest ” 

— on lives ; tables relating thereto, p. 1104 
et $eq. 

Annulet moulding, 2582 
Anson, lord; bouse in St. James’s Square, 
616 

Aiispscb, church, 588 

Anston stone, i€€€d^ 16666, 1667v 

Ant®, 2671 

Antefix®, in a Roman hpuse, 247 
Anthracite coal, 227^ 

Antiatnrorion paint, TllOa 
Antoine column, 48^ 2608 
Antoine, Jac^pes Denis ; arcbitect 360 
Antoninus and Faustina; Corintbian temple 
at Rome. 211 

Antwerp, 564. St. Jagunes, 557, 558, Churdi 
of the Dominicans, t 6 . Notm Dame, 559 . 
Iter tower, p. 1008 
Aosta ; arch of Augastus, p. 959 
Apodyterium of the Roman baths, 285 
AfioUo Didymsms ; temple near Miletus, 153 

— Epicurius ; temple In Arcadia, 15 O 
Apotheca of a Roman house, 256 
Appelmans, 3an ; arcbRect, 559 

Apron ; piece in stairi, 2026 ; of Lead. In 
•pec.,2288 . 

Apsis ^lygoual and square, p. 1006 j douUs, 


Iftjarsd, 238. OftlieGraaka, 174* At Co t 
stantintmle, 806. At Bolmoniy 623 
Aqaaous, Ac., Rook Boring Co^ 2213j 
A^bUm arebiteotttiu, 118, IM. Domeati 
architecture at Algiers, 180 
Aneoetyle Interooluronlatioii, 2605, 2608 
2609, 2618 

Arandia, Juan de ; architect, 59H 
Arai\iues i royal pleaaurt^iouse, 871, 872 
Arc ; eomrlement of. 1037. Supplement of, 
1088. »ne of. 1089. Versed sine of, 1040. 
Tangent of, 1041. Co-eiue ef, 1042. Co- 
tangent of, 1048. Co-secant of, 1044 
Arc doublean, 1499u 

Arcades, 261^^ 2619, 2626. Tuscan, 2621; 
2622,2628. Doric, 2618, 2628, 2629. Ionic, 
2618, 2624, 2680. Corinthian, 2618, 2625, 
2681. ^Jhnposts and arcbivolts of, 2682. 
Columns used iu, 2685. Their internal 
decorations, t5. 

Arcades ^d arches, 2617 et eeq, 

above arcades, i 668 et eiq. Best mode 

o^ disposing, according to Chambers, 2664 
et $eq. According to Scan.ozzl, 2655. 
Balustrades of, 2657. Doric above Tuscan, 
2658, 2659. Itmio above Doric, 2660, 
2661. Corinthian above Ionic, 2662. Con- 
fined bv the ancients to theatres and amphi- 
theatres, 2664 

Arcaditts, tmperor; architecture under, 271 
Arch, its introduction effected great change 
in the art, 266. In pointed srchitecture, p. 
1 054. Ko trsce of, in the ruins orBabylon, 
45. In Egi'pt, at Saecara, 75. Unknown 
in Grecian architecture, 184. Arabian, 
species most employed, 129. At Bussorah, 
181 

of Augustus at Riiqini, p. 960; st 

Aosta, ib. p. 962. Of Claudius Dntsuis 
niches, 2776. Of Constsntine, 262, 2547, 
p. 959, p. 962. Of the Gtddsroiths a( 
Rome, 195. Of Janus, niches, 2775. Of 
Sergius at Pola, p. 961. From Polipbilu.s 
p. 948. Proportions of, p. 958 et eeq. Of 
Deverus at Rome, 264, 2547, p. 962. Of 
Titus, 264, 2547, p. 961. Of Trujau at 
Ancona, p. 959 ; at Sosa, p. 962 ; at Bene- 
ventum, p. 968 

— elliptictl ; 10 draw and find the joints, 
1984-1987. Flat; in masonry, to draw 
the Joints, without the centre. 1^2. Pro- 

f er form for one, 1588/. Of various points, 
9485 et eeq. Rampant, pointed ; to draw 
and find the joints, 1943 


planes in Gofbi& p. 97l,p. 992 et eeq* 

Archer, Thomas ; archlteot^ 498 
Archo’', equilibrium of ; HistoTy, 1858— 1868. 
Observations on friction, Ac., 1364—1889, 
The wiy in which arch stooss support eacli 
other, 1890—1897. Geometrical ap|»lication 
of foregdagi 1898, 1399. Soroioiinlea 
arohea, wB; Appiimiiion of the priitT 
eiples Pointed aiufa, 140L 

same to a lurmonuted Catenarean arch, 
1402—1406. Application of the prinetpl«f 
tesurbased arches, 1407. Tbmitaeff aieheii 
cesetiioid» cycloid, and ellipsis, 1406-*-]4l2* 
Racing arch«aJ4|8—lAlf. Lmestradoa, 
14l7-*^142l* uURuentm>^Uoa^of 
. eiples in last eaae, 1422, 1481. 'I^as- 
smrs inereaaa towardstha ^iMliiiiib imb-r 
' L. U 06 »U^whkk 
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Ilf groined vauiting, J469— M63. To a 
Coved vault, 14d4~-1477, To Spherical 
vaulting, 1473—1493 

AK'hofl ; Working drawinga for, and iLOulds of 
vouaeoirs, 1969—1906. Elliptical, cuttinsc 
throtiuh a Vail o'^iiquely to bevels and 
moulds of, 1967—1070. In sloping vralls, 
1971. 1972. An abridged method of doing 
the lust, 1978, 1574. Oblique where the 
front slopes and tear are perpeudh ulir to 
the axis, 1976 — 1979. Semicircular-headed, 
in a mass of masonry battering on an 
oblique plane, 1980 — 1988. On the quoin 
of a sloping wall to find the mouMs, 1984 — 
1987. In round towers circular walls, 
1988 — 1990. Oblique in a round eloping 
tower intersecting a setnicircu'ar arch 
within it, 1991—1994. French terms for, 
546 

Arches ; inverted ; in foimdiitiono, 1885 

— relieving ; in spec., 2282^, 22|85 
Architect, 8 12, 3 1 9, 8*26. Of Franc^ attached 

to Venetian in preference to Roman School, 
858 

Architects ; ancient and modem, list of, p. 1 1 29 
et $eq. 

Architectural design ; maxims in, 2502. 
Bounding lines ot buildings not sources of 
beauty, c msidered geometrically, 2503 
Architecture ; not a tine art until founded on 
rules of prop rtion, 1. Not confined to a 
single tvpe, tb. As a fine art, dependent on 
expression^ 2492. Its end, lA Genius in, 
ib, Ta^te in, ib. iEsthotics in, 2493. C n- 
sidered in respect of rules ‘'f art, 2494. 
Fitness is the basis of pmportion, 2496, 
2502. Bounding lines ol buildings, 2503, 
Interiors of buddings, beauty of, 2504. 
Types in, 2507. Styles in ; oH dependent 
on fitness, 2508. Unity and harmony in, 
2509. Symmetry in, to. Colour in, 2611. 
Polychromatic, 2612. Decoration of, 25 1 8 — 
2622 

Archiiecture in 11th century not a liberal art, 
a09a 

Architrave, to form ; in Joinery. 2196. Method 
of supporting, 1925A. Moulded, inspec.,2285y 
Archivults of arcades, 2682 
Ardbraccan, near Navan j house, 627 
Arden lime, 1848c 
Area of Buildings, 1583 tt wq. 

given ; method of enclosing in any re- 
gular polygon, 1618— 1624 

— gratings, 2255 ; in spec., 22^ 

Arena; of an amphitheatre, 228, 230, 231, 

Of the Roman circus, 240 
Arezao ; cathedral, 618. San Domenico, t5. 

San Francesco, ib. 

Argos ; gate and chief tower, 29 
Argyle, duke of; house for, 525 

Arleri, Pietro ; architect, 681 • 

Arl<»! ampl.ithe»txe,m 8»^pJum«,M7 

Armarium of a Roman hou^^W 
Aroott ventilator. 2278/, .Smoke 

consuming grate, 2279(t Stove, 2279e 
Arpinoj 0:«t«w»y.22* 

Arrayoloe 1 oaetta, 608 

Artlflcltl Ifl08.,t eec. 


root, 487* Flourlshad whfie'in the haocU 
of the clergy,' «6. • 

Arundel, Sussexj ca8t|p,.894, 898. Church 
porch, p. 999 
Aruns ; tomb 265 ‘ ’ 

Asbestos board, 2247. Painh 2278y, 2971# 
Curtain, 2971c‘ 

Asgill, Sir Cjtarles ; villa at Richmond, 515 
Ash, 1728' 

Ashes mortar, 18595, 1859d 
Ashlar; walls, 191S. Facing, 1918 et iitqt 
Raftev2052/ 

Asblaring ; In spec., 2284, 22845 
Ashridge, Buckinghamshfre ^ house, 528 . ^ 
Asinelli tower, at Bologna, 2§00 ‘ 

Asphaleia T»teatre Company, 2971ft 
Asphalte, 1867d. In damp dourse, 1886c. 

Paving, 1905A, 2251n. Roqfing felt, 2210<4 
Assimiiating work, n. 968, 969 

Assisi; church of . dhu Francesco, 818, 612, 
Sta Chiara, 612. Temple at, p. 912 
Assos ; gateway, 304 
Assouan, 39 

Assyrian architecture, 60 et eeq. 

Afc^ti ; cathedral, 616. San Secondo, ib. 
Astorga ; cathedral, 596 
Astragal ; bead, or baguette, 2532 
Ath ; houses at, 564 

Athelwolda work at Winchester, p. 1021, p, 
1023 

Athenflsnm Club house ; scagUola floors, 2250ft 
Athenians ; early superiori^’^ in the arts, 136 
Athena; early builmngs of earth and clay, 
136. Temples, p. 943 ef «eqr., p. 948. Par- 
thenon, or temple of Minerva, 141, 160, 258, 
2670, p. 943, p. 948. Columns worked, 
1926U. Proportion of, p. 1057. Temple on 
the Ilissua, p. 961. Of Erechtheua, p. 952. 
Of Theseus, 150, p. 944. Portico of Au- 
gustu , 151. Propylaeum, 160 
Atkinson’s cement, 1864, Use of, 2251a. In 
blocks, 1903cW 
Atlantcs, 2682 

Atmosphere ; weight of, 1592a 
Atreus, treasury of ; at Mycen®, 85 
Atrium ; of a Roman house, 181, 246. Dif» 
ferent species of, Ac., 247. In a house at 
Pompeii, 253 

Attic base ; Gothic, p. 979 

Attics and basements, 2665 et teq. Examples 

, 

Attleborough, Norfolk ; church, 408, 421 
Attnbutes ; in decoration, 2519, 2520 
Aubiguy stone, l^Bftft. 1667 ic 
Audenaerde ; church of S.e. Pamele, 658, 655. 
Ste. Walburge, 559 

Audley End, Emex ; designs for, 440, 44^ 
445,451,452 

Audrieu ; church spire, p. 1000 
Augsburg, 580. St.UlricandSt.Afira,579, 688 
Augustins, royal convent ^ Madrid, 871 
Augustus j arch at Rimini, p. 1010 ; at Aosta, 
p. 960 ; at Susa, p. 962 ; Portioo at Atlieas, 
164 

Austin’s artifleiat stohe, 1667j9. Artificial 
cement paving, IdOSe 

Afltun ; imphiSeaire, 228. Doorway, 689 
Auxene ; cathedral, MO. Iron spire, p. 1005. 

Reofofpidfl&oturo, 2052ft 
Avalloa ; doorway, 639. St. Pierre, 540 
AvefUno, Antonio, called Fiiarete ; architect, 
2974 

Avigoaa ; catWral, 807, ^ <rf St. 
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St Pierre, 547. St MartiiL t5. Church of 
the Dominican^ 546. St Didier, t6. 
PelAoe, »6. 

Avila ; oathedral, 587. S. Vicente, iR., 591 
Avington, Beikebire ; church, 889 
Axe ; eai|>mtex’8, 2008 
A.xed face in maeoniy, 1915a 
Axial lines in drawinn, p. 1008 
Aylfiham, church, Nomlk ; window, p. 990 
AyotSt Lawrence, Hertfor^hire ; church, 516 
Aatec architecture, 110--U6 

B AALBEC; structures at 196. First de- 
scribed by Maundrel, ib. Niches, 2775 
Babylon, ruins of, described by Rich, 88 — 41. 
Citadel, 42. Tunnel under the Euphrates, 
48. Dimension, its character, rather than 
. art 44 

Bacchus; temple at Rome, 2547. At Teos, 
168, p. 961 

Back flaps of shutters, 2147 
— linings of sash-fhime, 2147. In spec., 
2285c 

— of a slate, 2210 
Badiyoz ; cathedral, 589, 598 

j Giovanni di ; architect 367 

Baeza ; S. Andres, now La Golegiata, 598 
Bi^ad ; foundations laid by Almanser, 1 1 9. 
Its walls, 181 

Bagnall, Sir John ; house for, 440 
Ba^ett^ 2582 

Baker, Heniy A. ; architect, 526 
Balaguer, Pedro ; architect, 594 
Balcony ; traceried at Venice, 6 ! 0. In spec.. 
22845 

Ballai fe^bn mt clay, ISSSdet ieq.^ 1861. In 
spec.,lHlii 

Balicock to a cistern, 22285. Valves, 2223f 
Balleso, Giovanni ; architect, 867 
Baliinm of a castle, 894 
Balusters, 2695 et seq. Not used bv ancients, 
2696. Their measures, 2697. For Tuscan 
order and table of proportions, 2699, 2702. 
For Doric and Ionic orders, 2700. For 
Corinthian and Composite orders, 2701. 
Donble-bellied, 2708. For Doric order, 2704. 
For Ionic order, 2705. For Corinthian 
order, 2706. Intervals between, 2708. Bulbs 
or bellies of, 2711. Of glass, 2281a. Iron, 
in spec., ^86. And Newels, in spec., 
mbd 

Balustrades, 2695 et eeq. Rules for setting 
ont, 2697. Height or, 2698. Scroll and 
Guiloche, 2707. Intervals in, 2708. Pedes- 
tals of^ 2708, 2709. Applied to staircases, 
2710. Statues used on, 2712. Vases used 
on, 2718. Of arcades, 2657. In spec., 2284a 
Bamberg; cathedral, two apsides, p. 1007. St. 
Mary, 567 

Bamborough, Northumberland ; castle, 894, 
898 

Band taw blades, 21245 
Bangor slates, 1^ 

Bank of England ; Rotunda dome, 1908t 
Banker ; biMlayer^s, 1890 
Banqneting house, ** Whitehall ” 
Swustery ; under choir at Siena, 618. At 
Fistoia, 616. At Pisa, p. 1087* Doors at 
FUnence, 2785 

Bar ; use the word, 1628e. Running loads 
on, 1628t( 

iron, 1764a, 176^. Weight of a foot of 

square, found, and Rat, 2254. Of flat, 2264a, 
d flat close h«mm«red, 15. 


BAT 

Bar tracery, p. 989 
Barbaoan of a castle, 894 
Baroello ; bridge, 600 w 
Barcelona ; Casa oonsistoriCl, 594. Casa de 
la Diputadon, 595. Pointed nrch, 80%^ 
Cathearal, 588, 595. S. Jnsto snd S. Pastor, 
692. Sta Maria de los Reyes, or Sta Maria 
del Pino, 598. Sta Maria del Mar, 
Collegiate church of Sta Anna, t5. Ciy'pt 
of Sta Eulalia, tb. 

BarflT’s patent stone, 16674:. Coating of iron 
work, 1780b 

Barfreston, Kent; church, 889. Window 
p. 998 

Barham’s rendering plaster, 2250b 
Bamack, Northamptonshire ; church porch, 
p. 998. Stone, its analysis, specific gravity, 
and cohesive power, 1666 
Barozzi da Vignola, Giacomo ; architect, 871. 
Door by, at Famese palace, 2741. Profiles 
of orders, 858 

Barracks end hospitals, ventilation, 2278w 

Barrel bolt, 2259 

Barrington cement, 1864y 

Bars, rolled iron, 1629r. Strength of. I630r 

with latchets, 2208 

Bartholomew’s hospital, liondon, 603 
Base ; Course or plinths ; Gothic, p. 982 ei 
Bcq. Of columns, 135. Mode of gluing up 
in wood, 2202. Gothic, p. 978, p. 979 et seq. 
Basements and attics, 2665 et seq. Generally 
decorated with rustics, 2666. Courses of, 
how disposed, 2667. Rockwork in, 2670 
Basemouldings ; in spec., 2284a 
Basilica of Antoninus, 2547. Of Constantine, 
217, 2547. Of San Paolo fuori le Murk, 275. 
Ancient ; of Rome, 273—275 
Basing house, Hampshire, 449 
Basly church ; roire, p, 1000 
Bastard stucco, 2286 — 2242 
Bastille, at Paris, 311 
Bat, of a brick, 1896 

Batalba ; Dominican monastery and church, 
601,604. Spire, p. 1004, p. 1006 
Bath, Somersetshire, 518. Abbey church, p. 
1047, p. 1 052 et ica Founders and dimen- 
sions, p. 196. Proportion of, p. 1016. 
Base course, p. 983. Pier, p. 977. Vault- 
ing, 20024:. Design for baths at, 525 
Bath stone; in lintels, 1052;?. Analysis, 
specific gravity, and cohesive power, 1666. 
Quarries, Ac., 166ti/, 1667o^ 1667w. Ii^ 
spec., 2284 

Baths ; supply to, 22282. Material fl)r, 2228 i 4 
Of copper, in spec., 2288a. Of slate, 221 19 . 
Marine, in spec., 2284c. W ood framing, in 
ditto, 2265p. Fittings, &o., oomplete, In 
sitec., 2288a. For industrial dwellings, 
8025. Heating, 22282 

— ; nnmber at Rome ; those of Cara<- 
calla, 284, 285. Of Titus, Diocletian, 
Agrippa, Nero, and Domitian, ib. Highly 
decorated with painting and sculpture,^*. 
Thoee of Agrk^ tb. None erected after 
the removal of the empire, 288. Of Titus, 
paintings in, 289. Of Cara^la, 241, 282. 
Of Oi^etian, 264, 2547. Of Nenb ^ 
Battening of walls ; in spec., 2285a. How 
measured, 2888 
Battens in slating. 22105 
Battista, Oiovanni t Architect, 870 
Battlements, p. 988, p« 984 
Bauer, Johaim ; aaehitect, 579, 580 
Bay window, 427 
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Bayeux ; cathedral) 540, 545« Set out with 
the pct^, p. 1 067. New works at cathedral, 
lOOtfA Porch, 584. Spires p. 1000 
Beacons to towers, p. 1002 
Bead and butt, 2101. And double quirk, 
2127. And flush, 2131. In cement, 2287 
Beaded briek for garden walls, 183 Lo 
Bead or baguette, 2532 
Beam, use of the word, 1028c. Beat proper- 
vtlon of, 1628», Supporting two weigh t-», 
J 029z. To obtain bread h and depth, 1 t530a, 
16806. Cut in to various deptUI, strength 
of, mod 

- — filling to roofs, 2211m. In spec., 22d2a 
Beams and pillars, 1598 — 1682a. Woods used 
for, 1693 — 1695. Weights «f wood in the 
same tree, 1697. Tirnber, experiments on, 
1698 et $eq. Cohesive force of timber in 
direction of its length, 1598. Strength of 
wood in an upright position, ifiOO— 1602. 
Horizontal pieces of timber, 1G03 — 1608. 
Strength of timbers in an inclined position, 
1628. For classes of building, 16.'8cf. 
Strains, 1628c. Transverse strain, 1628<;. 
Shapes, 1628/>. Vai-ious laws, 1628.f. 

Transverse sections, 1628 j*. Condition of 
Breaking weight, 1829^. Tension, 1630c. 
Neutral axis, tb. Deflection,4630e. Modu- 
lus of elasticity, 168Ci. Impact or Col- 
lision, 1630o. Tensile Strength, 1630/>. 
Cohesive power, 1630r. Compression, 1630ac. 
Pillars, I 68 O 1 C. Stancheons and Struts, 
1631 1 . Detrusion or Shearing, 163 J». 
Torsion, 168 Ir. Working strength of 

materials, 1632. Table of strength of 

various timbers, 1632a. 

Bearers ; in spec., 22866 
IJeart’s pierced bricks, 1881/* 

Beaulieu palace, Hampshire, 426 
Beauniart, Isle of Anglesey ; castle, 402 
Beaumont’s heating system, 2279c 
Beauprh, Gloucest^hire ; castle, 452 
^auty in architecture ; partly from suitable 
forms, 2495. Source of, 2492 et eeq. In 
mediasval architecture, p. 964 c 2 »eq, 
Beauvais ; cathedral, 54 J, 549. Apse, p. 1007. 
Kuse window of south transept, p. 1034. 
Church of St Etienne, lintel to north door, 
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Bee, Normandv ; abbey, 810 
Beckford, William ; house for, 628 
Bed ; of a slate, 2210 . Of a stone, 1922 
Biding ; stones in brickwork, 1890. Of stones, 
1667a. Slates in mortar, 2210. Timbers, 
in spec., 2282a 

Beddington, Surrey ; hall re of, 20622 
Jlidford, Bedfordshire ; castle, 894 
duke of j house for, 440, 624 
Bedroom for a poor man, 8014 
Beech, 1701 

Beejapore, 1499a, 1499p 
Beer stone, 1666 

Beeston, Cheshire ; castle, 891, 898 
Belfroi; of Belgium, 561. At Tournai, ib, 
Ghent t 6 . Ypres, < 6 . Bruges, 16 , Lierre, 
ib, Nieuport, ib, Aloat * 6 . 

Beia} castle, 601 

U3ero ; (brt of San Vicente, and monnsUc 
bttildingB, 607 
Belfry at Zaragosa, 598 
Belgfim sheet glass, 1874 
Belgium ; Pointed architecture in, 5 )8 et icy. 
Beffhii of, 561. Marbles ot 1<^79 


Bell; introduced, 890. Common and electrio 
2262a. Metal, 1791 

Rock lighthouse, 1671c 

towere, p. 1001 et tea, 

trap, 22z0jr et teq, 

of a cap ; Gothic, p. 978 

Bellhanger’s work; in spec., 2292. Electric 
and pneumatic, in spec., 2292 
Belmont, visconnt ; house for, 528 
Belns ; tower of, 88, 41 
Belvedere Garden, Rome ; arcade, 2688 

, Kent ; house, 516 

Bench, joiner’s, and parts of, 2102. Pianesi, ib. 
Benches ; in churches, 2192a. Wood mould- 
ings lo, p. 986. Sizes of, 21926. In spec., 
2mh, 

Benedictine monastery at Leya do Balio, 603 
Benet the freemason, p. 970 
Benevento ; church, 587. Arch of Trajan, 
p. 903 

Beni-hassan ; tomb, 133 
Bennett’s improved granitic stone, 1905a 
Bent timber in roofs, 20526 
Berchbre stone, p. 1004 
Bergamo, San Agostino, 624. Colleone 
chapel, ib. Sta Maria Maggiore, ib, 

Bergen, in Prussia ; church of papier-m&che, 
2261 

Berkeley, Gloucestershire ; castle, 394, 898 » 
414 

Berlin ; Brandenburg gate, 866. Theatre, 
2972 

Bemburg ; church of Sr. Mary, 567 
Berneval, Alexandre de ; architect, p. 1009, 

p. 1086 

Bemibrea ; church spire, p 1000 
Bernini, Lorenzo ; architect, 347, 349. Stair- 
case by, 2801 

Berruguette, Alonzo; architect, 868 
Berwig quarries, l666aa 
Bessemer’s process ; in iron, 1774. Strength 
of, 1630 

Bethel and Botbel mentioned, 13. That set 
up by Jacob, ib. Object of idolatrous wor- 
ship where the Canaanites appeared, t6. 
Beth^’s patent for 2 >repa 2 'iag timber, 1667ni, 
1752a 

Bethersden marble, 1681 6 
Bethlehem hosi)ital, London ; designs for, 526 
Bdton, 1861, 1862e. Agglomdrd, 1862^ 
1903dd 

Beudeghem, Loys van ; architect, 563 
Bevel ; bricklayer’s, 1890 
Beverley, Yorkshire ; conventual church, 407, 
421. West front restored to perpendicu- 
larity. 449. West front and towel’s, p. 1002. 
See Frontispiece. Plinths, p. 982. Porch, 
p. 999. Asmmilating work, p. 969 
Bevignate, Fra ; arohi^t, 616 
Bib cock, 2228f 

Biban el Melook ; subterranean chambers, 68 
Bibieno, Antonio Galli ; architect 2950 
Bibliotheca of a Roman house, 252 
Bickerstafie, Norfolk ; church roof, 2052ii 
Bidborough, Kent; church door, 2145a 
Bideford and mineral paint, 2273o 
Bilian, or iron wood of Borneo, 1728<l 
Billet ornament, 897 
Billiard table ; of slate, 2211y 
Billing W. B. ; architect, on proportion, 

Binoho, A. de ; architect, 555 
Binding joists, 2019—202^ 

Biroh Hmber. 1725 
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1 •rdiad l>rick 0 om% at, 19086 
Bfamlngliaro ; diwoh of St^hlliii, 4!28 
Biit Nwrond, near Babjlon | at doeoribed 
by|tich,40. The rains, 40. 41 
Biaooik Beaediot ; bitboou lband«r of the abbey 
of WMrmoath, 885, 886 
Biscuit, 

Bismu^ ttrebgth of, 1680r 
Bituminoitf oemeatt, 1867 tf teg. 2251o ei ieq. 
Black bii% 1881<l 
Blackburn Infinnaxy, 29765 
Blackfriars 4>rid^ London, 622. Mode of 
repairing defective stones in arches, 1925/ 
Blackman air propeller, 2278* 

Blaine’s firepiwf paint, 2278;, 297 le. 

Blank arcade, 554 

Blankenby], H. ; roaster mason, 577 
Blast irons ; qualities of, 2265c 
Blenheim, Oxfordshire ; honte, 498 
Bletcbingden marble, 168U 
BUckling park, Norfolk ; mausoleum, 625 
Blister ste^ 1771 
Blocking course ; in spec., 2281a 
Blois, chkteau de, 548 

Blondel and Ser, MM. ; report on London 
hospitals, 2278y, 2278^ 

Blondel, Francois and Jacques ; architects, 
866 

Blue bricky 18315 

Blue lias lime, 1848a et aeg., ISoDA. Mortar, 
1859rx. Warwick stone, 1666« 

Board ; slater’s, 2209 

Boarding; to Slating, 2210. In spec., 2285a. 
Of roofs, how measured, 2842. To under 
side of open roofs, 221 In. For floors, 2026u 
et 9eq*j 2178a. How measured, 2852, 2862. 
For ceiling, 2023c, 202% 

Boards ; cutting of, for covering domes, groins, 
&C., 2068—2078 
Boaster; mason’s, 1910 
Boccadoro, Domenico ; architect, 2892 
Bodmer’s compressed stone bricks, 1908cc 
Boeblioger, Johann and Matthaeus ; archi- 
tects, 581, 588 

Boffiy, Guillermo ; architect^ 595 
Boflrand, Germain de ; architect, 866 
Bo ler plates ; quality, 1680#, 1764e. In sheets, 
plat^ and slabs, 22556 
Boilers for hot-water beating, 2279A 
Bois-le-Dnc ; chnich of St. tfean, 558, 560 
Boisserie or panel work, 418, 428 
Bolection mouldings, 2129, 2145 
Bologna ; church m Son Petronio, its propor- 
tion, p. 1018. Foro de’ Meroanti, 618. 
Theatre, 2950. Oarisendi tower, 2500 
Balsover, Derbysbife; house, 452. Addi- 
tional buildings, 466 

stone, 166 £a 1666a. Analysis, ^>ecific 

gravitv and adhesive power, 1666 
B^t, 1681«. In carpentry, 2012, 2254a. 
Varkma sorts, 2269. And nuts x weight of, 
2254 

iBoltel, or Bowtel, moulding, p. 970 et uq* 
Bolton, Lancashire ; conventual ehuiuh, 898. 

Doorway, p^ 978 
Bombay granite, 1672a 
Bonaventure. Niodlaa ; architect, 619 
Bond; in brlddaying , *891. See ^English 
bond,” ” Flemuhoond.” In epee., 22820 . 
Of a slate, 2210 

stones, 1920 af sag. Timber, 1899. In 
IB60., 2M 

Bondi^ brkdts, 1902a 

BonhevelL Etienne de i ardiitefit. 808a 
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Bonoini, Joeoib, A*RJ1, \ anhUaot, 515 
Book boards tobeodni. 2192a 
Boorda or Baade, Andiewt hisMtariaqitoUd 
and diieotkmi for bnikUng a manaton, 427, 
488 

Bordeaoz ; oatheiral, 540. Porte de CaiUiaiiL 
548. Tbeatra, 2951, 2958. Hospital, 2975 
Boring Gompai^, 221w 
Borneo wood, 1728il 

Borromioo, Franoesco; arohiteot, 886, 889, 
842. HU style, 847 

Boss stone in vanlting, 2002a al sag., 2276a 

Boese ; tiler’s, 1908 

Bossing ; in plumber’s work, 2215« 

Boston furnace, 2279;g 

Boston, Lincolmbire; church, 408, 421. Pro- 
portions, p. 1015. Groined ceiling, 202% 
Botoner, W Uliam ; writer of the 15th ce n tugy, 
p. 970 

Bolt, Johann von ; architect, 865 
Bottom panels of a door, 2180. RaiU of a 
door, i, 

Boucheiie ; at Diest, 561. At Ypres, i5. At 
Antwerp, i6. 

Boughton quarries, 1666f 
Bougy church ; spire, p. 1000 
Boumann, George F. ; architect, 866 
Bourges ; cathedral, 540. Proportion p. 
1016 

Bousfleld’s patent stone^ 1667jr 
Bowden house, Wiltshire, 528 
Bower ; my lady’s, or parlour, 4!5 
Bow latch, 2262 

Bowtel, or Boltel, moulding, p. 970 et eeg. 
Boxbeam, 1629a, 1629n 
Boxings for shutters, 2146, 2147. Of a 
window, 2148a. In spec., 2285<l 
Boyd, Sir John ; house for, at Shooter’s Hill, 
515 

Boyd’s patent flue plates, 2278/ 

Boyle system of ventilation, 2278A 
Boynton American furnace, 227% 

Bracciano palace, at Borne ; window, 2768 

, bouses at, 614. Castle, 624 

Braced roofs, 2052m, 2052r 
Braces in carpentr}% 2010 
Bracketing and ora^ng, in spec., 22855 
Brackets and bracketing, 2079 et §eq. For 
cornices, to make similar to one given, 2(80. 
Angle to support plastering, 2081, 2082. 
For coves, 20^. Angle brackets for coves, 
2084, 2085, 2086. In external and internal 
angles, 2087. For moulded cornices, 2088. 
For a shelf, 2268 

Bracket staircase ; mode of fonning, 2188 
Bradawl ; Joiner’s, 2110 
Bradding hammer ; glaaiePa. 2227 
Brads. 2257a, 2257/f 

ua floors ; weight of, 2267 

Bradshaw, Lawrence ; architect 442 
Bragerio^ Bertolino ; architect, 618 
Braine, near SoUsons x church, 524, 566 
Bramante or Laaeari, Donato ; irotdMot 880w 
871, 2947 

Bramshill home, Hants, 462 
Brandmibnrg ; church of Sta. OatberiiM^ 578 
Braodenharg, Paul von ; arcbUiaet, 581 
Brandon, Bimalk, flint qaarrUs, ]6Mn 
Brandon, BaphaH; arenitoct, wrHoroBafchl^ 
teoturs, p. 968. HU Jnefytkt Ac,, p. 971 
Brannon, PhlHpi fli^roof oomtiiMitioB, 
1908if 

Brass, 1790, 2224fa. Weight of a 
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BrMt t>oInts ; p^lazier’a, 2220 
Bra 7 lmx)ke. loM ; house for, 440 
BnuBA ; cathedral, 607 

Breaking weight ; liwiite of. 1628/ In the 
middle of a beam, 1629o et teg. Of metala 
and timbers, t680r, 1630a. Of timber, 1622 
Break jointa, 1916a 

Brdant’a process for repairing timber, 1762 
Broeee, coke ; 1833e 
Brescia ; broletto, 618 
Breslau ; church of Ste. Elisabeth, 679 
Bietteville ; church spire, p. 1000 
Breweir at Villers aboe^r, 665 
Brick. 181 1 — 1833. Description of, and anti- 
quity, 1811. Species used, ^cording to 
Vitruvius, 1812. Improper bricks uj>^ by 
the modems, 1813. Earth for. 1814. Manu- 
facture, 1815. Clamps, 1816. Kilns fur burn- 
ing, 1819. Species of bricks, 1820 South 
StafFoidshire, 1830. Stocks, 1820—1822. 
Place, 1828. Burrs and clinketi, 1824. 
Rod, 1826. Eire. 1827. Windsor, tb. 
Welsh lumps, i6. Paving, 1828. Dutch 
clinkers, 1883^ and Flemish, 1829. Com- 
pfiss, 1826. Concave or Hollow, 1826. 
Blue bricks, 1830. Wood, for fixing, in 
spec., 2285. Red, 18dlc. Sufra& and other 
bricks, 18810 . Pierced, 1881c. Black, 
1881 d. Glazed white and other colours, 
1881c. Sizes of, 1882. Heart's patent, 
18816. Strength of, 1883. Weight of, 
16386. Should be well saturated in sum- 
mer, lP32a. Number for a given quantity 
of work, 2317 

— employed in Eg^’ptian architecture, 72. 
Varieties of; in spec., 2282. Much used 
in Elngland, 416. Crushing weight of, 
1500, 16026 


— paving, 19086, 2800 ; in spec,, 22826, 
Axe, 1890. Cornices, cut and moulded, 
1904. Moulded, in spec., 2282 
Brickdust mortar, 1859c 
Bricklayer, 1901 

Bricklayer’s work, in spec., 2282. Estimating, 
2600. Tools, 1890 
Bricklaying and tiling, 1889 — 1908 
Brickmaking, 1814 et neq. Machines, 1832 
Bricknogged partitions, 1902, 2024. In spec., 
^826. How measured, 2818 
Brickwork ; crushing weight of a cubic foot, 
1888. Expansion of, 188dc. Measuring 
and estimating, 2800, 2806 «t tea. Table 
ofnumber of bricks in a wall, 2317. Table 
of number of reduced feet in quantities of 
different thicknesses, 2818 et e*^q. Mediae- 
val ; in Bdgium, 654. In Spanish churches, 
685. In lUly, 616. Gothic, p, 991. 
Moulded, ib. Strength of, 1602A 1502m. 
Weight, 1901. In spec., 2282. Coloured, 
8008. Table of rod of brickwork, 2820 
Bridewell, or Blackfriars* Palace, London, 626 
Bridge 1 Croyland, Lincolnshire, 419. Della 
Sant&ima IVlnitk, Florence, 881. Earliest 
in Rome, 222. At Kami, <6. Of Tri^an 
over the Danube, i6. At Alcantara, ib. 
At Aviguon, 818. Of E»priJ» 

At BarSsUo, 600. Of Coimbra, 607. Du 
Bmel at Courtrai, 664. Bw^Trous at 
Toumal, ib. Dri Obispo at Baesja, 6^ 
At Or^ise, 669. Architecture of, 419. O! 
Whlnetone, 1922A. Building 
iddeied an art ^ China, 


BUO 


2097, 
bench 

Bridgewater double roll tile, 1838 

, earl of ; house for, 628 

Bridging joists, 2019, 2022 
Bridlington, Yorkshire ; priory church, mul- 
lions, p. 991 

Brighton, Sussex ; the pavUion, 6^4 
Briukboum, Northumberland ; conventual 
church, 898, 407 

Brionile, church of St, Julien, 684 
Bristol, Somersetshire; cathedri.1, 398, 421. 
Founders and dimensions, 434. Proportion, 
p. 1017. West window, p. 1081. Parochial 
church of St Mary Redcliffe, 421, p. 970. 
Proportion, p. 1016. Church of St Stephen, 
421, p. 970. Tower, p. 1002 
Britain ; architecture of, 879 et »eq. Under 
Claudius, 381. Under Agricola, r6. In 
time of Constantins abounded with good 
artificers, 38 1 Roman works in, ruins of, 382 
British isles; marbles of, 1681. Granite, 1671a 

• museum, London, formerly Montague 

bouse, 466. Granite columns, 167 le 
Britons ; ignorant of architecture before final 
departure of Romans, 881, .882. Early 
bouses and architecture of, 879, 880. How 
lo^ed under the Normans, 393 
Brizi, — ; architect 612 
Broach ; of a tower, p. 1001 
Broaching ; in masonir, 1914 
Broad tool ; mason’s, 1910 
Broletto; at Como, 611. At Monza, 613. 
At Brescia, *6. 

Brongniart Alexandre ; architect, 2948 
Brontasum of the Greek theatre, 172 
Bronze, 1791. Monuments, &c., 22556. Cast- 
ings, 2266 

Broese, Jacques de ; architect, 858 
Brou ; church, 549 

Browne, J. ; writer on proportion, p, 1014 
Bruges ; chapelle du Saint Sang, 554. Notre 
Dame, 657, 560. St. Sauveur, 654 
Brunellesco, Filippo ; architect 328, 827, 436, 
620 


the Ciamona, 2096; and another. 
Method of, bv Price, 2098, 2099 
Bridgenorth church, Somerset^ire ; 
end, p. 986 


Brunet Debaines, M. L. F., architect 2919 
Brunsbergb, Heinrich ; architect 579, 581 
Bruxelles; Notre Dame des Victoir^ 667. 
Notre Dame du Sablon, 659, 664. Su.. 
Gudule, 658, 555, 567, 658, 560. Maison du 
roi, 568. Iron spire, p. IWd. Notre Dame 
de U Chapelle, 568, 5&, 557 
Buckhurst house, Sussex, 440, 446 
Buckingham house, London, 465. Palace, 
I66600 

Buckingham, duke of ; house for, 440, 465 
- — J(mu ; second earl of, 525 
Buckwell’s granitic Breccia stone, 1908cc 
Bucozzo ; ar^teot 828 
Builder’s fire ; the, 2279(f 
Building stones of England, 1636 et $eq. Of 
Normandy, 16664 ef eeq, ^ 

Buildings, ooveiiim of; as to oompamiive 
weights* 8m Covering of Buildings 
— public and private ; general obaervatione 
on, 2988 ft $eq, 

BuUant Jeon ; architect 367, 358, 549 
Bunnett’s fireproof floor, 1903r 
Buonarroti, Midiel Angelo; arehiteot 886| 
886, 846. Door by. 2740 

nomnirfin « ujlulmvo 
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Bui^h. SaiFilk ; eastl^ 891 
Buivhlcighi or Borghley, near Stamford, 
Linooln&bire, 440, 446 

Burgos ; cathedral, 588, 591, 595, 596. Domi- 
nican church of S. Pablo, 595. Nunnery de 
las Huelgas, near, 687 
Burgnet, J. ; architect, 2975 
Burky-on-the-Hill, Northamptonshire, 440 
Burlington, earl of; amateur architect, 464, 
509, 610. His liberality to \V. Kent, 611 
Burlington house, London, 2995. Colonnade, 
609. Pilasters, or half-columns, condemned, 
2615. Gateway, view and of house, 2670 
Burner for gas, 2^3 

Burnett’s patent for preparing timber, 1752 
Burnt clay ballast, ISSSii, 1833« 

Burrongh, Sir James ; amateur architect, 490 
Burrs and dinkers, 1^24 
Bury Saint Edmunds, Suffolk; Conventual 
church, 898. Church of Sf. Mary, 408, 421 
Busohetto of Dulichio, architect, 2^ 
Bustamente, Bartolomeo di ; ar^tect, 370 
Butt hinges, 2258 
Butting ; in earpenti^, 2009 
Buttress ; strength of, p. 1047 et teq. 

By land, Yorkshire ; conventual church, 398 
Byzantine architecture, 270 et aeo. Continued 
‘till introduction of Pointed style, 283. The 
style adapted to ihe wants of the present 
day, p. 1049 


C AABA of Mecca, spared in 1803, by (he 
^J|£|habees, 118 
CaWBlment, 397 
Ca«0l688 

Cadmians ; Bryant’s thoughts on the, 27, 186 
Csen ; fineexamplesof Norman work, p. 1023. 
Buildings set out with the perch, p. 1057. 
Church of St. Stephen, 290. Spires, p. 1000. 
St. Peter’s spire, ib. Holy Trinity, 290. 
St. Saviour’s, spire, p. 1000, St, Jean, 47. 
Ch&>eaa de la Gendarmerie, 548. Abbaye 
aux Hommes, choir, p. 1006 ; buttresses, 
p.1048 

Stone, 1666AA6/ seq,, 1667t?, 1667ia 

— — Wood, Middlesex; liouse for Lord 
Mansfield, 517 

Caernarvon, Caemarvoiiahire ; castle, 402, 4(^ 
Gaei^hillj, Glamutganshire ; caatie, 898, 404, 


Cahors; cathedral, 585 
Cairn, or Cam, 24 

Cairo, founded by Akbah, 120. Mosque of 
Amron, 806 

Caissons ; in cylindrical vaulting, how to 
regulate, 2002a. In hemispherical vaulting, 
2002<?. 


Calcarium, 2274a 

Caldariuro ^ the Roman baths, 285 
Caldogno villa ; cornice, 2725 
Galmar ; cathedral, 567 
Calorifere stove, 2279e 
Calveriey stone, 1667i» 

Camalodunum ; first Roman colony in Britain, 
381 

Camber ; of a beam, 1629o 
Camber slip ; brickiayer’s, 1890 
Cambio da Colle, Arnolfo dl ; architect, 828 
Cambridge, church of Htdy Setmlchre ; pro- 
portion of, p. 1016. Eing*a College, 2907. 
Chap^ imh, 1499a^ p. 1045. p. 1046 
Vaulti^, 2002ar. Porch, p. 999. Buttresses, 
p. 1049. Btfdli, 21 ^ 0 ^ Window, p 090, 


CAB 

Came ; in glazing, 2228 
Caminha ; church, 687 
Campbell, Colin ; architect, 501. Win low by 
2771 

Campbell’s tomb at Geezeb, 804 
Campden, Gloucestershire; church, 421 
House, 445, 451 

Campell^ Filippo da ; architect, €12 
Camperio, Giacomo de ; architect, 618 
Campero, Jean de ; architect, 593 
Campione, Matteoda ; architect, 618 

Marco and Jacopo da ; architects, 619 

Campo Aguero, Francisco de ; archifce^ 367 

Vaccino, Borne ; columns of, 2647. See 

Forum ” at Rome 

Candrah, in Isand of Salsette, near Bombay | 
excavations, 57 

Cancelleria, palazzo della, at Rome, 335{f. 
Doorway, 2789 

Canons, Middlesex; house for Duke of Chan* 
dos, 440, 505 

Canopy ; to set out mouldings p. 1019 
Canterbury ; castle, 394, 898. Cathedral, 
807a, 812, 396, 398. 421. Founders and 
dimensions, 434. Pier, p. 977. Central 
tower, 2002i:. Vaulting, 1499jr. Pillars 
of nave, p. 1040. South-w^est porch, p. 998. 
Trinity chapel window, p. 968. Deans’ 
chapef, vaulting, 2002ir 
Canvas; prepared for roofs, 1908a 
Capel St. Mary’s, Suffolk ; church roof, 2S52L 
Roof moulding, p. 987 
Capillary attraction, 18865 
Capitals of columns ; origin of, 185. Mode of 
gluing up. 2208, 2204. Gothic, p. 977 e< 
$eq. Of punsters, 2677 et seq, Tuscan and 
Doric, ib. lonic^ 2678. Corinthian and 
Composite, 2679. And Bases, in spec., 22845 
Caprarola ; arcade, 2687. Doorway, 2787 
Capri, villa ; near Vicenza, 863, 2843 
Capua ; amphitheatre, 193, 228 
Carbolineura Avenarius, 1762d 
Carbon paint ; for iron, 22785 
Carcass ; seasoninf^ 1751. Measuring, 2841 
Carcassonne ; St Nazaire, 584, 540. Church, 
807 

Caroeres of the Roman Circus, 240 
Cardiil^ Glamorganahire ; castle, 808 
Carisbrook, Ide of Wight ; castle, 898 
Carltk. La ; M| 90 nt of Venice, 854 
Carlisle, C/un|Hl|||d ; cathedral, 406. Foun- 
ders and onll^Pons, 484. Proi)ortion of, 
p. 1012. WiMw, 1502c 
Carlow, in Ireland ; Bruen Testimonial church, 
p. 966 

Carlton bouse, London, 524 

Caraao, Brittany; remains of Druidica! 

monument, 14, 40 
Camak, Egypt ; temple, 78^77, 81 
Carpenter’s boast, 2041. Tools of tbs oar 
penter, 2008 

Carpenter’s work ; la epecu 2285. Wflgei^ 
815. Meaiurement of, 2880—2866 
Carpentry, 2008 et 4ea. System In use 
among the Chinese, 102 
CarpioterOy.Haeias ; 4iuhite4) 597 
Carr, John ; architect, 51A 
Carrara marble, 166^ 1677-->1677t^ 20025* 
Carreno, I'emando de I arohiteet, 506 
Carriage of atalr^ 2026 
Carron grate^ it2i9d ^ 

Carrying up work, 1228, 1025si 
Carson’s aotl-coiTOSioa paint 2228a 
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Carter, Edward? architect, 819, 464 
Carthusian nunnery at Miraflores, 696 
Cartiiiell, Lancashire ; choir, 398 
Carton pierre ; enrichments, 22il 
Carving; in Italy, 609. Wood carving, 
2124c 

Corvntides, 85. Account of their origin, 165. 
Used in other than the classic styles of 
architecture, 106. Probable origin, *168 
Caiyatides and Persians, 2682 at seq. By 
Jean Gougeon, 2688, 2698. Those designed 
for Whitehall, 2686. By Uichel Angelo, 
2687, 2688, 2691 By Biffi, at Milan, 2689. 
By Quellinus, at Am(>terdnm, 2690. At the 
Louvre, 2693. From the arch of the Gold- 
snuths at Home, 2694 
Case hardening, 1771 
Casement ; moulding, 2632, p. 970 

frames ; in spec., 228^ 

in loadwork, 2227. Wrought iron, 

2256d. Hopper, in spec , 2286a 
Casing, to protect stone dressings ; in spec., 
2285. Por pipes, in spec., 2285A 
Cast iron, 1764, 1765 et seq. Strength, 16;j0r. 
Experiments on, 1628m, Breaking weight 
in the middle, 1629i. To fracture it, 2223ta. 
Column-*, 2265. 

Caht lead, 178^ seq. Steel, 1773 
Castcl San Angelo, Kome, 266 
Costella, of aqueducts, 225 
Castellamare castle, 625 
Castings ; in iron, 2265c, 2265y. Testing, 
2266A 


Castle Coote, in Ireland, 628 

Bushen, Isle of Man, 1681 

— Abbey, Northamptonshire, 426 

Howard, Yorkshire, 494 

Rising, Norfolk ; church, 898, Castle, ib. 

Castles encouraged by William 1., 898. By 
William II. w. Description and list, 394. 
Gateway, 416, Of Benevento, Penaflcl, and 
Tordesillaa, 128. At Beja, 601. At P'rdxo, 
ib. At Almeida, 603. At Oureni, ib, 
Obidos, ib. At Bracdano, 624. At Andria, 
CasteHamare and Teano, 625. At Arrayolos, 
608. At Estremos, ib. 

Castletown, Derbyshire ; castle, 891 
Castor, Norfolk ; castle, 891 
Castor and Pollux ; temple at Agrigentum, 
p. 946 ; at Rome, 208, 262 
Catalonian forge, 1762 

Catenarian curve, contained in walls of Gothic 
buildings, 1681^, p. 1047 
agdiedraiB, English ; Publications on, 484. 
Spaying parts of Norman erection, 896. 
^Devoia of symmetry, p. 1006. Proportion, 
p. 1018— “p. 1015 

Catledge, Cambridgeshire ; house, 446 
Caudebec, Normandy ; houses, 689. Sacristy 
of church, 646. Lady chapel, 149966, 
2002u, 2002ia, p. 1058 

Caumont, M. de; his division of French 
styles, 587 

Cav«dium of a Roman house, 246 

Caves ; of Ellora, 66. Of Indra Subba, i6. 

Cavetto, Month, pr Hollow ; ornament, 2582. 

In Norman arcbltectoie, 897 
Cavil or stone axe, 1918 
Cawiton, Norfolk j church window, 990 
Cecil, WiWam, Lord Burleigh ; house for, 
440 

Sir Thoinas ? house at Wimbledon, 440 

Cedar, 1706;^ ,or daal doors, 2U6c. From 


Ceiling joists, 2019-^2022 
Ceilings ; 2816 ei »eq. Timber fhimhig tha 
type for forming panels in, 2816. Coves to, 
ib. Examples of ornaments Ibr, 46. Exam* 
pies of subdivisions, 2817, 2818. Cornices 
to, proportions of, 2819. Of wood in medU 
tevnl period, 202da. And decorated, ib. 
Finishings to; in spec., 2287, 2290. In 
plastering, how se^ 2246. Ribbed; how 
measured, 2889. Divided in wood, in spec., 
2285e 

Cellae domestics et familiarics of a Roman 
house, 258 

Cellar, arch; in spec., 2282a. Doors; in 
spec , 2284€4 

Celorico ; church of San Pedro, 601 
Cement, 1868 e# seq. Concrete, 1864^. Foi 
Mosaic work, 22814. For plasterers work, 
2251a d seq. In spec., 2287. Quantity to 
cover surface, 2*248 
Cementation of iron, 1771 
Cementing ; to brickwork, 1818. To glass in 
leadworx, 2229 
Cendres de Tournai, 1869 
Centering : how measured, 2882. In spec., 
2285 


Centre bits ; phimber’s, 2212 
Centre of motion, 1241. Of gravity, 12^2, 
1266 — 1292. See “ Mechanics and Statics ” 
Cesarianus, Cmsar ; architect, p. 1008, p. 1013. 
Work by, p. 1087, 486 

Cesspools; bad substitutes for sewers, 1887. 
In spec., 22826 

Chain plates; in footings, 1882. Riveting, 
1631g 

Chains and ties, 1495. Metal or timber, p. 1004 
Chaldsca ; architecture of, 9 
Chalk lime, 1849, 1859A 
Chalons- sur-Sa6ne ; cathedral, 540 
Chamalibres, in France ; gate^ 2145c 
Chambers, Sir William ; architect, 518. 

Treatise on Architecture, 521 
Chamfer ; moulding, p. 978. Plane in arches, 
46. In spec., 22fiSa 
Chsnorl ; at west end, 569 
Chantlates ; at eaves, 2211m 
Chartrell, Robert D. ; arohiteci, on profior- 
tion, p. 1014 et seq. 

Chapter house ; at Batalba, 605. At WMls 
p. 1025, p. 1026. In England, vaulting of, 
149966. Proportion of, p. 1016 
Chare rotf, p. 1046 
^arente stone ; 1666im 
Vl^ng Cross hotel, leSIc 

Bur Loire, la ; church, 289 
OM^magne, emperor ; architectural era of, 
9i|»289 

Choillia V., king of Spain ; patron of archi- 
tecture, 868 

V. and VI., kings of France ; arobi* 

teoture under, 811 

VIII., king of France ; acquainted with 

the arts of Italy, 858 
Charlton, Kent ; house, 462 
Charlton, Wilts ; house, 445, 461, 452 

white, 227^ 

Cbarola, or apse, 602 

Chartres; Notre Dame, 289, 684, 641, 547. 
Proportion of, p. 1058. Roofed yrith omper, 
2224. Steeple, p. 1004. ApscL jp. 1007, But- 
treases, p. 1048. Screen, p, 974 
Chased mortises, 2019 

Chlk^u de Madrids near Paris, 44(h Ai 
Sichem, 664. At Teiheyden, 16 
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Cb&teauneuf; church, p 1004 
Chateaux ; of FranoOf M8. Table of olaseifi- 
cation for dates, 537 

Chaucer, Geoffrey ; poet, derk of the works, 
819 

Cheeks to dormers, In spec., 2285n 
Chel-Biioar, or Persepolis ; ruins of, 46 — 19 
Chelsea, near London ; hospital, 297Sa 
Ciiemical analysis of stones, 1666 
Chenies, John ; house for, 440 
Chepstow, Monmouthshire ; castle, 402 
Cherence stone, 1666o 
Cherson ; church of St Basil, 875 
Chester ; cathedral, 898 ; Founders and di- 
mensions, 484. Conventual Church of St. 
John, 898 

Ctiester-le Street, Durham ; church tower, 

p. 1002 

Chesterfield house, May Fair, 526 
Chesterford, Essex ; castle, 891 
Chestnut; 1696 
Chevet, 553 
Chevron ornament, 897 
Chez>lui paint, 227% 

Chichester, Sussex; cathedral, 398, 421. 
Founders and dimensions, 434. Spire to 
steady, p. 1004. St. Mary’s hospital, p. 985 
Chiliambaram, on the Coromandel coast ; 
pagoda, 58 

ChillSig iron, 17655, 1779 
Chilmark stone, p. 1023 Analysis, &c., 1666, 
1666^ 

Chimney bars, 22.55. In spec , 2286 
— — openings, how proportioned ; by Morris, 
2792. By Chambers, *5. Angular funnels 
of, 2793 

•—pieces, 2788 et teq. Method of propor- 
tioning dressings of, 2789. Materials em- 
ployedin, 2794. Of slate, 221 Ir. In spec. 
2284</ 

— pots ; in spec., 2287 

— shaft, 2796. As a ventilator, 2278/*. One 
for all fireplaces of a house, 2279c. Of bricks, 
in spec., 2282«. Of stone, in spec., 22845 

CJiina ; architecture of, 9. Tent, the type of, 
93. Does not seem to have improved, 94. 
Prindples of, 95. Quality of, 96. Its orna- 
ments, 97. Timber, chief material used in, 
98. Brick also employed, i5. Kegulatious 
in building, f5. Granite, 1672a. 

— houses ; described generally, 101. Pa- 
laces, 108. That at Pekin, 108 

— wall ; description of, 108 

Chisel ; a carpenter's tool, 2008. A mason's 
tool, 1909. The firmer, the paring, 2111 s 
the mortise, 2112 

Chiswick ; villa for Lord Burlington, 509 
Choir ; termination of, p. 1006. In fixed stalls 
in nave of Spanish cathedrals, L8S 
Cholula; great pyramid, 112 
Chopping block ; bricklayer’s, 1890 
* Choultry, 61 

Chowne's patent air syphon, 227^ 

Chrismas, Gerard ; architect or sculptor, 442 
Christchurch, Hampshire ; church, 898 

— Oxford; college, 426. Quadrangle, 490 
Christian architecture, p. 964 
Christiania deals, etc., I729d 

Church ; with fourteen si^ 585. Bound, p. 
1006. An c ient rules Ibr the planning 
p. ,1009 d $eq. Plan of earlv ChristlaiL 
p. 1006. With single naves, (i67 

jpec., 2mm Floois, in 


OLI 

Church, glaeing, in spec., 2289 

Plaster to inside walls, in spec., 2287 

Smith's work for, in spec., i286a 

Timbers for, in spec., 22855 

l ower and spire, in spec., 22845. Stei)s 

to chancel, in spec., 2284 j. Passage. i5. 
Churches, new ; commissioners for building, 
521 

From 9th to 12th century, and later, 

general fbrms of sections, 290* Of Greek 
religion, distribution of, 875 

Warming of, 2279^ 

Churton Mendip, Somersetshire; church, 
421 

Cicero’s Formian and Tusculan villas, 248 
Cigoli or Cardi, Lodovico ; architect, door b}', 
2742 

Cima recta, 2129. Reversa, i5., 2582 
Cinders in mortar, 1859<f 
Ciutra ; Hieronymite monastery of La Pena, 
607 

Circle; in geometry, 908—928. St'gments of; 
table of areas when the diameter is unity, 
1225. To describe independent of a centre, 
2074 

Circles of Stone, 16. Used by the Israelites, 
15. One set up by Joshua, ih. Remains 
of, in counties of Derbv, Devon, Dorset, 
Somerset, and Westmoreland, 16 
Circular ; ribs of timber, 2052 et »eq. Saw, 
2124a. Windows, p. 993 et seq. 

Circus of the Greeks and Romans, 240. Maxi- 
mus, at Rome, 240 

Cistern for water, 1785fl, 2228a — 2228e, Of 
lead, zinc, and riate, 2228a. Of slate, 22 J I ry. 
Of deal, in spec., 2285p. Of lead, in spec., 
2288. Of zinc, in spec., 2294 
in a gutter, 2214 

Cistercian; abbey, 587. Monastery at Ta- 
rouca, 600. Alcoba 9 a, 602. Near Villa- 
viciosa, 589. Nunnery, 608 
Citth del Castello; church of Sta Maria 
Maggiore, 624 
Citth del Pieve, 624 

Civil and Ecclesiastical dilapidations, p. 1098 
Civray ; church, 534 
Clamond gas light, 22C4e 
Clamps of bricks, 1816, 1617 
Clapboard, 1689 
Clapham, Beds. ; tower, 889 
Clare hall chapel, Cambridge, 490 
Claremont house, near F.aher, 524 
Clarke, Dr. ; amateur architect, 490 
Claudius ; architecture under, in Britain, ||L 
Temple of, at Gamaloduuum, 881. Ipt 
Rome, p. 1065 

Clay for Bricks, 1814 et tea., 1881/. For terra 
cotta, 1889i 

Cleaning paint and vaniii|u W6o. Down 
Bath stone, 1667» ^ 

Clear coleing, 2278 

Clerestory, 602. At Amiens cathkdrsl, pw 
1061. At Winchester cathedral, p. 104^ 
At Wells, p. 1024. At Winchester, p. 1U8*A 
Windows, p. 990, p. 991* 

Clerk iff the Works, 81% tfp And his ofilofl, 
in spec., 22805 
Qerroont; fbuiitain, 648 
Clermont-Femnd; etthedraL 545 
Oiiefden house, Buokinghamanin, 465 
Cliff Wood quarry, 16%y 
OUfUm, Sir J. ; house (hr, 440 
CRmatosnf Europe, 1080 
Ciink^ 1824 Ktofa. inno 
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Clips ; gl49Bier*8, 2229 

lord ; house for, 624 
Cloisonne work, 2277t 
Cloister, 560. Great, at Batalhn, 606 
Close boardinfi; ; in spec., 2285a 
Close picked j to granite, 1916c 
Closet knobs, 2266. Pan; stoneware, 2218. 
Valve to cistern, 2226^. Eaith, 2218a. 
Arm joint, 2228» 

Closets, dwa!rf ; in spec., 2285^. 8u Cup- 
board ” 

Cluny; abbey of, 289. H6te] de, at Paris, 
648 

Coach-house door and gate ; in spec., 2285c 
Coal Exchange ; timber dried, 1 749a, 294 -'a 

plates, 2255; in spec., 228da. Tar, 

]867d 

Coap, Sir Walter ; house for. 440, 452 
(hoarse stuff ; plasterer's, 2235 
Coated glass, ^316 
Coating composition for iron, 22735 
Cobarrubias, Alonso ; architect, 867, 368 
(iobloniz ; St. Mar\-, 579. St. George, 688 
Coccaglio ; village', 622 
Cockerell, Charles Robert, R.A. ; architect, 
on proportion, p. 1018 
Cockermouth, Cumberland ; castle, 898 
Ooffermaker, Thierri de ; architect, 659 
Cohesive power of stone, 1602r. Of metils, 
1630r. Of timber, 1630s. Of materials, 
1628e 

C/oignet's b^ton agglom^rd, 1867/, 1903dd 
Coimbra; Santa Crus, 607. University, ib. 
Bridge, ib. Chapel of Snnta Caterina and 
the palace, ib. Church, »6. 

Coke, Sir Anthony ; house for, 440 
Coke breeze, 1838c 
Cokels, 2279/ 

Colchester, Essex ; All Saints' church, p. 1005. 

Castle, 3P4. Monastery, 389 
Cold blast, 1757, 1758. iron; strength of, 
1628/ et 9eq , I630r. Short iron, 1704 
Coleshill boune, Berkshire, 462 
C'oliseiim, or Flavian amphitheatre, at Rome, 
192, 228, 229, 2647. Drainage, 281. PrfK 
portion of, p, 1021. Height of, p. 1060 
Collar beam, 2031, 2084. Gothic, p. 987 

roof. 2041, 20629 

Collegia Fabrorum, 810 
Collinge’s hinges, 2268c 
Collision or impact, 1628c, 1680o 
Cologne ; cathedral, 567, 578. Proportion, 
1011. Vaulting, 2002o. Apse, p. 1007. 
Masons' marks, 3225. Manner of glazing, 
2229c/. Church of the Apostles, 556. 
Church of the Minorites, 666. House in 
Altmarktplatz, 582 

Colonia, Jnan and Simon de ; architects, 595, 
596 

ColonniL Francesco; writer, author of the 
Poliphili Hypnerotomachia^ 82^ p. 958 
Colonnettes, 1922o, p. 976, Strength of, 
m2f 

Coloured bricks; in spec., 2282a. Glass, 
22315. Coursed stone work, ^666c 
Colour in architecture, 2511 
Colouring in drawing, 23885. Cement work} 
2277. In spec., 2287 

Column; in Place Venddme at Paris, 868, 
2608. Duke of York, 1671e, 1672. Of 
Antonine, 486, 2608. Of Tnjan, 198, 
2608 

Columns; Chines^ mode of forming, 10. 


CON 

I ancient Roman. 2647. Diminution of;ac- 
j cording to height, 2548.^ Height and 
I diminution of, 2548 ef sea. Vigiiola’s 
I method of diminishing, 2545. Blondel's 
method, 2546. Dimfiiution in ancient 
examples, 2547. Grouping of, 2614. In 
apartments, how arram^, 2849—2851 
Columns ; stone, mode <ff working, 1924. Of 
brick, in spec., 22825. Of st**np, in spec., 
22840,22985. Gluing np, in joinery, 2'’01, 
Should not penetrate each other, 2681. 
And pilaster:, deal, in spec., 2285g. .Of 
materials, in testing, 1502if 

Cast iron, 2255. Strength of, p. 1066. 

Conmression of, 1630y et teq. 

Gothic, p. 975 et »eq. At Amiens 

cathedral, p. 1061. 

Combe abbey, Warwickshire, 465 
Combination of parts of a building, 2825 et 
seq. Horizontal and vertical, 2888. Of 
parts in leading forms, 2855. Examples 
of, 2856. Method of abbreviation in com- 
position, 2857. Design proceeded with, 
2858. Examples, 2859, 2 to 0 
Combination water closet, 2220/*. 

Combing or graining, 2276 
Combustion of gas, 2264c. 

Common joists and their scantlings, 2014» 
2016 

Common rafters, in a roof, 2085a. Scantling, 
2040 : to calculate for strength, 2040a 
Como; cuthodral, 628. Broletto, 611 
Comomes church ; spire, 958 
Companies' halls ; at Ghent, 563 
Compass bricks, 18*29 
Compasses ; bricklayer’s, 1890 
Compi^gne; church* of St Antoine, 547. St 
Jacques, 645 

Complement of an arc, 1037 
Compluvium of a Roman house, 247, 258 
Composite order, table of extmples, 264. 
General proportion, 265, 2591 et eeq. 
Vignola's profile of, 2592. Table of parts 
of, i5. Parts to a larger scale, 2598. Mode 
of profiling capital, 2594. Profile by Vitru- 
vius, 2695. By Palladio, 2596. By Serlio, 
2597. By Scamozzi, 2598. Arrangements 
of modilRons, 2614 
Composition enrichments, 2261, 2262 
Composition; general principlM of, 2485 ei 
eeq. Ornament a non-essential, 2486. 
Fa 9 ades should depend on internal dis- 
tribution, 2487. W hat compositions please^ 
2488. Method of the Gothic architects «■ 
to windi'WB, 2489. Talent of an architecty 
bow to be judged of, ib. Drawings neces- 
sary in, 249i^ Method of abbrevmlit n in, 
2867 

Compound interest and annuity, p. 1101 et 
eeq. Tables, p. 1105 et eeq. 

Compression, 1628^ 1628ii, 1680is. Of stone, 
etc., 1500 et eeq. Of a oast iron bar as 
pillar, 16B0y 

Comptroller of the works, 819 
Concamerata sudatio of the Botuan baths, 
286 

Ckmcave or hollow bricks, 1829 
— soriheei^ in joinery, to form, 2199 
Conchy ; Notre Dame, and church, 584 
Concord ; temple (now of Satnm) at ItOmeL 
218, 260, 2547. At A^^rigentum, p. 947 « ’ 
Concrete, 1667o, 1861 et eeq, foiiMeH(»% 
1681. When to use, lokt. Li^ lA 

V — iQOfii- OtfSL VIoon. 
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1908r et teg. And oomeiit blocks, 1908aa 
et teq. In walls, in spec., 2^986 
Concrete building and building appliances, 
1864/t, 1908« et teg. 

— - ; stress on cub^ of concrete, 1903^iy, 
Conduction of beat, 2279 
Cone; sections of 1056 — 1109. Of brick- 
work, 1499/. Construction of, 1499i< 
Confraternity des l*cnt8 j founded by St. 
Benezot, 810, 318 

Conic sections, 1066 — 1100. Definitions, 1057. 
Ellipsis, 1058—1082. Hyperbola, 1083 — 
1094. Parabola, 1095 — 1109 
Conic surfaces; to form in joii.ery, 2206, 
2207 

ConisburgH, Yorkshire ; castle, 894 
Conisteriuni of the Greek gymnasium, 175. 

Of the Homan baths, 235 
Constance cathedral ; spire, p. 1005 
Constant supply of water ; system, 2228 et 
tcq. 

Constantine, emperor; unsuccessful in re- 
stoiing the art, 199. His attempt towards 
it, 200. His tiiumphnl arch, 201. His 
basilica at Home, formerly called the Tem- 
ide of Peace, 217, 2547. A type of the 
basilica of the early Christians, 217. 
Niches at, 2775 

Constantinople; works at, by Theodosius, 
Anastasius, and Justinian, 271. Aqueducts, 
806. Church of Sta Sophia, 271. Served 
as a model after the conquest of the city, 
800. Church of the Holy Apostles, 271 
Constantius, emperor ; exhibited little desire 
to restore the art, 202 
Contractor, in spec., 2280A 
Conyalesoent hospital, 2975/ 

Conventual architecture, 434 
Conversion of timber, 2125a et $eq. 
Conweyj^ernarvonshire ; castle, 402 — 405 
Cooley, ^omas ; architect, 526 
Copo,*&r Walter ; house for, 440, 452 
Coping stone ; in spec., 2284a 

, cast iron ; in spec., 2286a 

Cop^, 1787 et SM., 2224 et teq. A metal 
early employed, 1787. Weight, 1787. Ore 
in England, where found, how smeLed, 
1788. Sheet copper, 1789. Alloyed with 
zinc, for furniture, 1790. With zinc, for bell 
metal, 1791. In spec , 2286o. Sulphate of, 
1752 et ieq. Thickness of sheeC 2224a. 
Hound and square ditto, 22245. Weight, 
2224c. Strength, 16d0r 
Copper cords, 2260. Cramps, in spec., 2284cf ; 

22w. Nails, in slating, in spec.. 2288 
Copper, for water, in spec., 22825, ^86a 
Coppin, Sir George ; design for, 440 
Copt ball, Ersex ; for Sir Thos. Heneage, 440 
Copying works, 662 

Copyism in German churches, 567. See **A8- 
similating work ** 

jCora, near Yeiletri ; walls of, 179. Cyolopean 
remains at. 82 

Corbel; Gothic, p. 980. Stone for girders, 
and of brick, in spec., 22840. Table; 
ornament, 897 
Cord for sashes, 2260 

Cordova, mosque of; commedred by Abderha- 
man, 126 

Core, 18485, 1848, 18595. 186^ 

— — of a Ic^ ; in glazing, 2229a 
Corfe caatle, Dorsetshire, 891. 894. Quarries, 
lesip 

Ooria t cathedral, 586 


Corinthian order, 2582 et feg.,'p. 953 et s<o. 
Vignola's prome, 2688. Table of partvio. 
Parts to a larger scale, 2564. Mode of 
drawing capital, 2585. Volutes, 2586. Parts 
of the capital, t5. Profile; by Vitruvius, 
2587. By Palladio, 2588. By Serlio, 2589. 
By Scamozzi, 2590. Expedients relative 
to modilliona, 2614. Best manner of pro- 
ceeding, i5. In Greece, 161 et teq. Of the 
Homans, 262, Table of examples, t5. Ge-, 
neral proportions of, 2n8 

— arcade, 2625. With pedestal, 2631. 
Capital, origin of, according to Vitruvius, 
140 

Corinthians ; colonies of, p. 943 
Cormont, Thomas and Heguuult de; archi- 
tects, 542 

Corncockle quarry, lC6Cy 
Corneto; houses, 614. Palazzo Vitelleschi, 624 
Comice; croHning buildings, 2724 et eeq, 
Proporti' n it should bear to total height of 
building, 2725. Tliat of Farneoe palace, 
ib. Of the Spanocchi palace, at Siena, t5. 
Of the Piccolomini palace, at Siena, ib. Of 
the POjjana palace, by Palladio, ib. Of the 
Strozzi paUce, at Tlui'ence, tb. Of the 
Pandolfini palace, at Florence, ib. Of the 
Villa Monteccio, by Palladio, *5. Of the 
Villa Caldogno,by Palladio, t5. Of another 
villa fur Fame family, ib. Of the Farnese 
palace, ib. Of the Gondi family, at Flor- 
ence, t5. Entablature by Vignola, 2726. 
Of the Floientine palaces, 827, 829 

— of rooms; proportions, 2819. Brck, 
1904. Block, 2727, 2728. Deal ; in spec., 
22d5a. Gothic wood, p. 987. Plaster, 
2250. In spec., 2287. To form in cement ; 
in spec., 2282a 

Cornwall granite, 1669 
CoiTosion ; of copper, 1789. Of iron, 1779 et 
seq. Of galvanized iron, 17965. Of lead, 
1786. Of metal, 2224, 222^. 

Corrosive sublimate, 1752 
Corrugated iron; use of, 2255c. Shutters, 
214&I 

Cors, in Gothic architecture, p. 970 
Corsehill stone, 1666z 
Coral collection of marbles, 1678a 
(^rfitorphiae church ; spire, p. 1008 
Cortona ; walls of, 179 
Oo-iecant of an arc, 1044 
Co-sine of an arc, 1042 
Cosy grate, 2279<f 
Co-tangent of an arc, 1048 
Cottage, ornde, 8001 

Cotta^, 8005 et eeq, Loudon’s observations 
on, 3007. Approved designs for, 8009 
Cotte, Hobert de ; architect 866 
Cottingham, Lewis Kockalls; architect, 
author of Henry VII. Outpel^ Ac., p. 939 
Coucy, chdteau de, 822 
Coucy le Cb& ean ; church, 584 
Gounlterforts, 1592 
Count^ninks, 2108 
Couil^^iumni, 267 

of brickwork, 1894 

Couirtrai, 562. Oburch of St Martin, 559 
Coutanoes; oathedral, 540 
Coved VEulfiDg, 146^1477 
Covent Garden ; square of^ 462. Old theatre, 
1655, 2958, 2967. 

CoventiT ; p^oohial ohnrob of St MioheoL 
408,421. Spires p. 1001 ^ 

Covered glese, 22815 
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domes, groins, &c., 2068 

*”*7 buildings i comparative weights 
of difiereiit materials, 20406. Temporary. 
]0O7<? 

Covert, Sir Walter ; house in Sussex for, 440 
Coves of ceilings ; height of, 2816 
Cowdray, Sussex; mansion, 426. Porch, 
p. 999 

Cowl for chimneys ; in spec., 2494 
Cowley bricks, 1881 
Cradle roof#, 2052p et seq. 

Cradles of iron ; in spec., 2286 
Cradling and bracketing; in spec., 2285a, 
22866, 2285c. To chimneys, 2265 
Crnigleith stone ; analysis, &c., 1666 
Crail church, Fifeshire, p. 1003. 

Cramps and dowels, 1495, 1867, 2224, 2256. 
In spec., 228 Id, 2286. For hollow walls, 
1902c. To ashlar work, 1926/. In a^spire, 
p. 1004 

Crate of glass, 1871a 
Creasote, or oil of tar, 1752a, 1762c 
Creedng ; In spec., 2282a 
Cremona ; cathedral, 6 1 8 
Crennels ; of a castle, 894 
Cresting ; to thatched roofs, 2211* 

Cr« sy, Edward ; ai'chitect, on proportion, p. 
1015 

Creuilly stone, 16CG«, 1606o. In spires, p. 1006 
Crowe hall, Cheshire ; sciigliola floor j, 22604 
Croce, Francesco ; architect, 621 
Croisde d’Ogive, 1499o 
Cromlechs, 23. On the Malabar coast, ib. 
Cross ; church designed on that form, 2876, 
p. 1006. iSec*- Church” 

Cross garnet hinge, 2258a 
Crossettes or joggles, 1925c et seq. 

Crow, iron ; bricklayer’s, 1890 
Crown Assurance Company’s office, 1666* 
Crown gloss, 1868a, 1870a, 1871. Steeples, 
p. 1002. Or plain tiles, 1835 
Croxton ; church roof, 2052/ 

Croydon, Surrey; palace hall roof, 2052/. 

Kailway station roof, 2048 
Croyland, Lincolnshire ; monastery, 812, 819. 
Expenses for buildiziig; how raised, 892. 
Conventual church, 421. Bridge, 419 
Cruciform plan ; for a church, p. 1006 
Crusades of the twelfth century, 810 
Crushing weight of several materials, 1500, 
1502. Of timber pillars, 16S0v et eeq. Of 
iron pillars, 1680y 

Crystal Palace, 1861, at London ; proportion 
of^ p. 1062 et seq. At Sydenham ; proportion 
(rf. 16716, I728d, p. 1057, p. 1065 
Crystal white sheet glass, 1874 
Ct^iphon ; palace, 805 
Cube ; in proportion, p, 1006, p. 1057 
Cnbea, &c.; Tables of; 229^, 22974. Of 
materials ; in testing, 1502<( 1502m 
Cubic feet of air in wards, 2975*. In rooms, 
8032. See Glossart 
O abicttlum of a Koman house, 253 .. 

Cubin|^^^enBionB, 2297*, 2297/. TaSw of, 

Cuenca ; cathedral, 868. Dominican chhrch 
afS. Pablo, 598 
Cues ; hospital ohorcli, 579 
Guise $ church of 8t Martitt, 684 
Cul de Four, 1995 

Cttu^uf the Room thZ^ 226 
CttfliorCuneo; ohUroh ofSjUiFraB0eaco,613 


dbo 

Cupboard fronts ; In spec., 2285p. Lock; 2261 
Cupola 1 in BeU^um, 666. fi^ee“Dome” 
Curb for circular windows , to form, 2065 
For story posts, in spec., 2284c. For sky 
light, in spec., 2285* 

or Mansard roof, 2085 

Current ; in plumbery, 2218 
Currey, Henry ; architect, 2976* 

Curtail step, 2186, 2190—2192 
Curtain ; at theatres, 29716 
Curved ribs ; in spec., 2285a 
Cushion capital, p. 977 
Cui^ ; broken-backedi p. 996 
Cuaped ogee arch ; to draw, I918i 
Cutters ; species of bricks, 1821 
Cutting knives ; plumber’s, *2212 
Cyanito painty 227dy 

Cyclopean buildings ; four eras of, according 
to Mr. Hamilton, 82 

Cyclopes, the seven ; Bryant's opinion on 81 
Cylinders; deflection of, 16b04. Strength o^ 
16d0y. In foundations, 1885a 
Cylludrical tubes for beams, 1629a 

surfaces ; to form in joinery, 2198, 2205 

Cyma, Cyma recta, or Cymatimn, 2129, 2682 


J^ADO ; in spec., 22856. How measured, 

Daines’s process, 1667m 

Dairy and fittings ; in spec., 2284c 

Dais, 894 

Dallaway, Rev. James; writer on architec- 
ture, p. 1055 

Damascus ; houses, how built, 181. Mosque, 
806 

Damp ; cause of decay in timber, 1746, 1750 

Walls, 225 Ip. Paint for,2273p. Drying, 

2250/ 

Damp-proof courses, 18866 et seq. In spec., 
2282, 2284 

Dance, George, sen. ; architect, 818, 521 

George, R A., jun. ; architect, 523 

Danckers de Ry, Oornelis; architect, 2940 
Dantzic timber, 1729/ 

Danvers, Sir John ; noose for, 440 
Darbishire, H. A. ; architect ; model dwell* 
ings by, 8026 

Darby, ladv ? a London house for, 440 
Darley Dale stone ; analysi.’S &c., 1666 
Darmstadt ; theatre, 29/2 
Dartlngton, Derbyshire ; Manor house, porch, 
p. 999 

David L, king of Scotland ; his zeal in erect- 
ing religious buildings, 892 
Davison and Symington’s jirocess of drying 
timber, 1749a. Furnace, 2279/ 

Dawnay’s fireproof floor, 1908a 
Day, length of; longest in different countries 
m Europe, 1080 

Daywork ; materials and labour, how charged 
in, 2822—2320. Bricklayer’s, 1901 
D^dlock, 2261 

Deal, 1710. Sizes of, 2125c. Standard of, 
1729. How to reduce, 2863. Table of values 
of, 2364—2866. Battens, 2362. Left plain, 
in spec., 2290 
Decagon ; to form, 1021 
Decay of stone, 1640, 16664, 1667 et eeq. Of 
timber, 1745 et eeq* 

Decomposition of granite, 1670a 
Deooin^ Gothic; or ornamented English 
architecture, 410, p. 967* Charaotensties 
of, 420. Proportion in, p. 1017. Mouldings^ 
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p. 978 l*iers, p. 978 Croitals, p« 978. Ba 9 e. 
p. 979. Ribt^p. 9H0. HoodmouIdSi p. 982. 
Plintha^ p. 982. Parapet, p. 988 Wood 
toaoiiMin^ p. 985. Wlmdowii,p.989. Win- 
W^w p. 982. Doorways, p. 997. 

Scorches, p. 998. Towsr^ p. 1001 
iWoratiou. 2518. Arises rrom desire of Ta- 
riety, 2616 Analogy in, 2517, 2618. Alle- 

g jiry in, 2520. Examples 2621, 2622. 

othic, p. 994. Or scutp^^ at Amiens 
cathedra^ p. 1062 
Decorative work in tints, 2251/ 

appliances, 227 7» 

Deflection ; of a beam, 1828e, 1630e. Of pil- 
lars, 1628«„J680ia. Correction of formula, 
1680a . . 


Delhi ; mosque of Kootub, 806 
Delorm<sPt)ilibert ; architect, 857, 858. Ilis 
work translated into ii^glish, 438. His 
mode of framing domes, 2062 
Delphi ; temple of, 186 
Delta metal, 1791a 
Denbigh castle, Denbighshire, 898 
Denderah, 71 

Denham, Sir John; architect, 819 
Denmark ; buildings erected by Inigo Jones, 
456 


Dennett arch, 1908d 
Dentils, centres of^ 2612 
Derbv ; All Saints' church, p. 1002. Lunatie 
asylum, 2278y 

lady ; house for, 440 

• plasterer’s, described, 2242 

Derbyshire marbles, 1681a et teq. 

Derick, John ; architect, p. 966 
Desachy’s fibrous plaster, 2251 
Descriptive geometry, 1110—1211 
D^ign ; see ** AiGbitecta|aI Desicn.*^ Method 
m pcooeeding to make one, 24906 
Detrusion, 1626e, ififiln. Of stone, 1602o 
Devisor, 812, 819 

Devonshire grofiite, 1669. Marbles, 1502p, 
1681c 


house, PiccpdUly, 2994 

Dlagann&tba ; temple aA Wora, 56 
Djagooal bra^ nom, 201^ 2()6% 

— of a square ; system of propoition, p. 1017 

Diamond ; glazier^ 2226 

Diaper work ; in plaster, 685. To walls; 802 

Diaphrkgm ventilaton i27Br 

Diarbekr ; palaee of Tigranes, 806 

Diastyle intercolumniation, 2605, 2609, 2611 

Dickenson, Barnard ; liaase for, 598 

Die of a pedestal, 2808 

Dieppe ; church of St Jacques, 547 

Dle^t; church of the Bdguinage, 558. Of St. 

Sulpice, 558 
Dignui; in spec., 2281 

cathedral, 540. Church of St Benigne, 
m Palace, 548 
Dilapidations, p. 1098 
Dimensions ; squaring and cubing, 2297 
‘ Diminution of oolumns, 2548 et $eq, Vignola's 
method, 2545* Blondel’s metlu^, 2M6. In 
ancient examples, 2547* Aooording to their 
height. 2648 

Dinant; church ofXojtre Dan^ 667 
Dinkelsbuehl ; chur^of StewWge, 580 
Diocletian, emperbr ; desiroiisW reviving the 
art, tOS^dSlis palace at Itealatroor Spalatai6. 
Dionysiaca of m GreekMl72 

«f ^thcon^ ft tube, 2278c, 227%> 


Disconnector to drains, 2280/ 

Disliiiig out the beds, 1925a 
Disperuon of mapikind Arom a central spot 
11—14,21 

Distemper, 2274 et $eq» Painting, 2274dL In 
spec., 2290 

Distribution of plan, 2489 
Ditriglyph, 2611 

Djenonasia, temple of ; at Ellora, 56 
Dockys^s ; graving docks, 16716 
Dodecagon ; to form, 1022 
Dog-logged staircas^ and mode of formiitg, 
2182 

Dome ; pointed, 538. Construction of, 1499p. 
Not an arch, 1499p. Stability of, 1499y 
Mode of framing, by Delorme, 2052. Cir 
cular.and polygonal, to determine ribs of. 
2064. To cover with boards, 2070—2078. 
Construction of, in timber, 2089. How to 
regulate caissons in, 2887. Lead to ; in spec.^ 
2288. Vaulting, in masonry, 1956 et $eq. 

of Pantheon, p. 958. Of St, Paul's, 

Lendon, 2049 

Domestic architecture, 589, 645. Of the Ro- 
mans, 542 — 256. Gothic, 2489. Of the 
Tudor period, 423 — 426. In lielgium, 664. 
In Germany, 582. In Spain, 585. In Italy, 
618. In ^cily, 626. At San GimiOTano, 
622. At Venice, ib. At Aquila, Popoli, 
and Solmon^ 625. Porch in, p. 990 
Domical covering, 585 
Domingues, Alonso ; architect, 60*1 
Dominican chnrch, 545. At Burgos, 595. 
At Valladolid, 596. At Salamanca, 598. 
At Cuenqa, 598. At Monza, 624. At 
Ratisboa, 569. At Palma, 586. At Ghent. 
557. At Louvain, ib. At Antwerp, ^., 500 
— monastery at Guimaraens, 608. At 
Bntalfan, 604. At Amarante, 607 
Domittft, temple of ; at Kllora, 56 
Doncaster, Yorkshire ; parochial church, 421 
Door oases, etc. ; in spec., 2285c» Liftip^ in 
spec., 2285c 

chains and barrels, 2268 

Doors; described as variously moulded, 2130 
— 2144. Jn »pec.f 22B50f 22S^ etteq.^ 2298c. 
Of the mediieval period, 2145a. 

and frames of wrought iron ; sizes of, 

2255e. In spec., 2286. Fireproof, 2970a, 
29716 

Doorways; profiles of, 2729 ei seq. Con> 
aiders iniespect of m'^sses and voids, 2780. 
Dimensions, 2781. Places and numbers, 
2782. Decorations, 2788. OfttftS and piers, 
27^ Of St, Peter’s Baptie jiSl hloTonce, 
an^Pail Giovanni LateraD<H||iL Mann* 
facture of, 2786, Example^^Morways, 
2787—2789. At the CancefflHpBa. By 
Michael Angelo, 2740. By Vi^a, 2741. 
By Cigoli, 2742. Inigo JoDea|^748. 
By Seriic^ 2744. Gothic, p, 997 # ico. 
Divided by a post, 658 
Dorbay, Fronton ; architect, 857 
Dorian architecting p. 912 
Doric arcade, 2628. With pedestal, 2629 
— ^ order, Greciaa. Relative antionity of 
examples determinedfirom Intervals oetween 
the columns, &c., 140, Dorus^ imagined 
inventor ot 140r-142« Table of exaumlea 
of, 142. Firat used in Paris Antcnne, 
860. Used in Oermw ^ Laiigliaiis,866« 
In the Parthenon, 2570. Table m Ite partsL 
& Principal buUdiiiii of, 2572, 
tioiiS, p. 9^ sf ssg. 
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Doric order ; RomAn, 268. Of the theatre of 
Marcellua, ib. At baths of Dioclesian, t6. 

order; of the Italian architects, 268. 

Vignoii’s comnieDded by Daviler, 2C61. 
Mutular Doric on larger scale, 2662. Tal.le 
of heights and projections, ib. Difficulties 
in arranging entablature, 2563. How em- 
ployed by ttie ancients, 2564. Denticular 
Doric, and parts of, on larger scale, 2563. 
Table of heights and projections, t6. Vi- 
truvius’s profile, 2566. Palladio’s profile, 
2667. Serlio’s profile, 2668. Scamozii’a 
profile, 2669. Intercolumniations, 2605- 

— temples ; general proportions of plan ex- 
amined, 152. At Corinth, early specimens, 
146. At Selinuntum, p. 943 tt Mtq. 

Dorking lime, 1 843 

Dormers ; in spec., 2285a. Lead to ; in spec., 
2288 

Dormitory ; of an infirmaiy, 29766 
Dorrell, Sir Thomas ; house fbr, 440 
Dorsett and Blythe’s patent for preparing 
timber, 17526 

Dortmund ; church of St. Reinold, 679 
Dotzinger, lodoque ; master of the works at 
Strasaburg, 822a 
Double bead, 2128 

— floor, 2019. Framed flooring, 2013, 
2020, 2021 

glazing to partitions, 2231. Windows, 

3087 

Doulton’a smoke and air flue, 2278/. Joint 
for pipe drain, 1888a. Fireproof floor, 1903fy 
Oeuvres ; church spire, p. 1000 
Dover castle, Kent, 391, 393, 394 
Dovetailed backing to grounds, 2166 
Dowel, 1495, p. 990. Of wood in columns, 
1025a. In spec., 2284df 
Dowelled floors, 2171—2178 
Dowelling in a spire, p. 1004 
Dozen of paper, 2277c 
Drag ; mason’s tool, 1915a 
Dragon beam, 2t)09 

Drainage ; of founda^ ions, 1887, Of land, 
1888c. Of dwellings, 3022, 8026. In spec., 
2282a 

Drains, 1887, 1888a et seq. Combined and 
separate systems, 1888/*. Special recom^ 
mendations, 1888r, 1888c 
Dralie & Co.’s concrete construction, 1903x 
Drammen deals, 1729d 
Drawback lock, 2261 
Drawer handles, 2263 

Drawing; in general, 2381. As anplied to 
landscapes, 2404. Methods of teaching, 
2888 ei ieq. Method of Dupuis, 2386. An- 
cient method, 2887 et eeq, 

— knife; joiner’s, 2114 

Drawings, 2491. Necessary in composition, 
2490a et seq. In making a dasigOf how to 
proceed, 14906. Ou^ht not to be coloured 
nor highly finished in shadom^ 2490c. Of 
. caissons in vaulting, 2002a. Of horizontal 
and vertical combinations, 2839 et tea. By 
intera^ divisions, 2^2. Prevention of 
false bearings, 2848* Working, 2491, p. 
1008 

Dresden ; theatre, 2972 
Dresser; in spec., 2285p. Top, in spec., 2286^ 
Dremng and flatting tpol ; ^umber's, 22 12 
Dresriaga to doors and windows, in spec., 
’ 22846 

Driers, and drying oil, 2276 ' 

knlM Snr l4vAi«. 
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Drips ; in flats and gutters, 2214 
Droving; in masonry, 1914 
Druidicai and Celtic building; introduced 
into Britain by the Canaanites of Tyro and 
Sidon, 14 

Druids of the British Isles ; a colony of thi» 
first race of people, 11 
Drums of columns ; to work, 192da 
Drury Lane theatre, London, 624, 2968. 
Wyatt’s principles in constructing. 2967* 
Drury Lane in olden times, 2967* Old roo^ 
2048 

Dry area or drain, 1886a. In spec., 2282a 
Dryburgh ; abbey, 431 
Drying oil, 2274. Timber, 1749a. ^ Damp 
waifs, 2250i 
Dry rot ; cure of, 1768 
— ^ soil closet, 2218a 

Dublin ; custom house, &o., 626, HoasoS of 
Parliament, ib. Four courts, ib. Carlisle 
Bridge, ib. Inns of Court, ib. Royal £x* 
change, ib. 

Du Cerceau, Jacques Androuet ; architect, 
857 

Ducy ; church spire, p. 1000 
Dumfries stone, 1666z 

Dung pit ; in spec., 2282c. Iron coping to, in 
spec., 2286a 

Dungeon of a castle, 394 
Duodecimals ; to use, 2297a et seq. 

Durand’s Parallte dee Edifices^ noticed in 
several pages 
Duresco, 2274c 

Durham ; castle, 394, 898, 414. Cathedral, 
406. Founders and dimensions of, 484, 
Vaulting, 149907. Kitchen, 149966. Pro- 
portion of churches in county, p. 1012 
Dust bin, 1907<L In spec., 2282o 

destructor, 1907c 

Duster ; glazier’s, 2226 
Dutch clinker, 1828, 1905c. Terras, 1859c 
Dwarf closets ; in spec., 2285g 
Dwellings for industrial classes, 8012 


E ARL’S Barton, Northamptonshire; tower 
at, 898 . 

Early English architecture, 899 et eeq., p. 967, 
Characteristics of, in arches, trefoil ana 
cinouefoil heads, columns, windows, roofe^ 
walls, ornaments, and plans, 405. Exam- 
ples, 406 Proportion m, p. 1017, p. 1023. 
Mouldings, p. 972. Piers, p. 976. Capitals, 
p. 977. Bose, p. 979. Ribs, p. 980. Hood 
moulds, p. 981. Plinths, p. 982. Parapet, 
p. 983. Wood mouldings, p. 985. Windowa, 
p. 988. Window jamb^ p. 992. Doorwayi^ 
p. 997. Porches, p. 998. Towers, p. IQOI, 
Earth closet, 2222 

slope of, 1585 

table, p. 980 

Earthenware ; glazed, 1889^. Pipes 1888a 
East Barsbam hall, Norfolk ; porch, p. 999 

end ; forms of. p. 1006 

India honse, L^enhall street, 524 

Eastbury house, Essex ; pdrch, 1908a, p. 999 

house, Dorsatshire, 496 

EastweU house, Kent, 625 
Eaves gutter ; of wood, in spec., 2286a. Of 
lead, in spec., 2287, Of zina in spec., 22M 
Ecclesiastic^ d^pidattons, p. 1098 
Echinus, Or euarter round, 2632 
Koole de Meddeine, Paris, 868, Des Beaux* 
Arts, at Bruees. 668 
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Economiser mte, 2279<f 
Kcouen ; ch&eau, 857. Churchy 549 
Edfoo, near Thob^ ; temple at, 77 
Ed^ar the Peaceable, kin| 7 ; bis care of the 
Anglo-Saxon buildings. 886 
^Kd|;e roll moulding, 1499^, p. 972 
Edinburgh ; St. Giles’s church spire, p. 1002. 
High church, 485 

Edlingham, Northumberland; castle, joggled 
wores at, 1926c 

, Edmundabury. See ** Bury St. Edmund's ” 
Eecken, Jan Ver der ; architect, 669 
E^orescence, 1667c, 1667m 
Egas, Henrique de ; architect, 598 
•Egina ; temple, p. 948, p. 945 
Egl, Andreas ; architect 576 
Egypt; architecture of, 9. Earlier than Greek 
architecture, 10. Its analysis and develop- 
ment, 70 it $eq. Considered in respect of 
style, taste, and character, 70 et eeq.^ 84 et 
»eq. Temples and tombs; t‘^e principal 
works in it, 67. Form and disposition of 
temple, 76. Monotonous, 88. Physical 
causes which affect it, 63 et eeq. No cir- 
cular tcn^e in it, 69. Principal edifices 
and map of the Nile, 91 
ElaeoUierrum ; of the Greek gymnasium, 176. 

Of the Roman batlis, 235 
Elasticity ; modulus of, 1628c, IGdOi. Of 
timber, 1610 

•Elbeuf 5 tower of St. Jean, 647 
Eleanor crosses, p. 1037 
Electric appliances, 2264/ et aeq. Danger of, 
22C4m. ^'Sterns, 2264n, 2264a. Bells, 
2264 7 et eeq. 

Electro process to iron, 2224(7 
Elepbanta, near Bombay ; excavated temple, 
57 

Eleusis ; temple, p. 944, p, 945 
Elevation, 2490a 
JClevator. See “ Lift ** 

Elgin ; parochial church of, 2048 
Elizabeth, queen ; did not patronise architec- 
ture, 488 

Elizabethan architecture, 425, 486 et eeq. 
Practised till the days of Inigo Jones, 445. 
List of palatial bouses, 446. Character of, 
449. Sepulchral monuments, (5. 

Ellil’sia, 1068—1082 

Elliptical arch ; to draw, in masonry, and find 
* the joints, 1934 — 1987. At Modain, 805 
Ellora ; temples at, 26, 55, 56 
Elm, 1720 

Elsden, W, ; architect, 602 
Elten ; church, 567 
Eltbam ; palace, ball roof, 20524 
Ely, Cambridgeshire; monaster}^ 319. Ca- 
thedral, 406. Founders and dimensions, 
484. Proportion of, p. 1016. Galilee porch, 
m,979. Prior’s entrance, 897, 898, p. 997. 
Chapel of St. Mary, 421. Lantern, p. 1001, 
Window, p. 989. East windows, p. 988. 

. Capitals, 890. Arch, ib. 

Ely house, Dover Street, 616 
Embossed gl^ 2281c 
Emere, Garcia d’ ; architect, 870 
Emerson’s patent for preparing timber, 1752 
Emery cloth, 2276c/ 

Emmerich ; church of St* Algnnd, 567 
Emy ’s system of roofing, 20525 
Enamelled .glass i varieties, 2281c. Iron, 
17805* Slate 2211r. Water pipes, 2228^ 
Enamels | coloured, 228 V** silver, 

2281p s • > 
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Encaustic tiles, 18895, 1908o 
Kndon stone, 1666u 

Engaged columns or pilasters, at Burllngtoti 
house, 2615 

Engelbcrger, Burkhard ; architect, 581 
England ; architecture of, from James 1. to 
Anne, 451 et eeq. Under George I., 499 et 
eeq. Under George IL, 606 et eeq. Under 
George III., 614 et eeq, Saxon churches of. 
290. Periods of Gothic architecture in. p. 967 
English architecture, see **Druidical andOltic 
building ; ” Norman ; * “ Early English ; ” 
“ Decorated ; ” “ Peipendicular ; ” ** Eliza- 
bethan ; ” &C. 

— bond, 1892 et eeq. In spec., 2282 

— builders in France, p. 1057 

granites, 1^71 et eeq. 

Enrichments ; in plastering, 2250 
Enfablature ; height of, 2528 et eeq.^ 2542, 

2544. Subdivisiem of,2549. Deal ; in spec., 
2285(7 

Entasis, or swelling of columns, 2645. First 
verified bv T. Allason, 144. To a spire, p. 
1005 

Eon ventilators, Ac., 2278ic 

Eosander, Johann Friedrich ; architect, 365 

Ephebeum ; of the Greek gymnasium, 175. 

Gf tlic Roman baths, 285 
Ephesus; church of St. John, 271. Temple 
of Diana, 141, 2681a 
Epiacenium ; of the Greek theatre, 172 
Equilateral triangle applied to buildings, 
p. 1008 et eeq. 

Equilibrated dome, 14905 
Equilibrium ; svstem of, in Gothic buildiugs* 
not known, l588c 

curve of, 1107. Necessarv for fitness, 

2600 

Erechtheus ; Ionic temple at Athens, 155, 
p. 962 

Erwin von Steinbach ; architect, 805, 822ci 
Escobado, Giovanni, Alonso, and Fra Gio- 
vanni d’ ; architect, 867 
Escurial, near Madrid, 870, 871 
Escller, Nicholaus and Son ; architects, 680 
Esher, Surrey ; palace, 426 
Esneh ; ruins 91 
Espagnolette bolt, 2165c/, 2259 
Essliimem ; church of St. Katherine, 588 ; of 
St. Mary, t5., 597 
Estates, purchase of, p. 1096 
Estimating, 2295 et eeq, 

Estremos ; castle, 608 

Eton, Buckinghamshire ; college chapel, 421. 

Weeks and Co.’s ventilation, Ac., 2278a 
Etruscan arohitveture, 178. Marked by great 
solidity of construction, 179 
Etruscans first used amphitheatres, 282 
Euclid’s JSlemetUe ; early used, 8095. Work 
translated, p. 1087 
Eureka Concrete Company, 1908r 
Eustvle interoolumniation, 2605 — 2611 
Kvesbam, Worcestershire; detached oam* 
panile, p. 1002 

Evora ; church of Saa Francisoo, 607 
— - Fernando d’ ; arohitecti 605 
Evreux; cathedral, 547 
Ewerbv, Lincolnshire ; cAmmh, proporikm of» 
p.ldl8 

Excavations, 1884 « 

Excavator’s work; in spec.. 2281, Estimatiogf 
2298 

Exeter, Devonshire ; cathedral foundeM and 
^mensions ot^ 484, West ¥rin«k>w» p. lOfitv 
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Towers, (groined oolliug, 20235r. CAstle 
gateway, 891 

Ejchaustion ; system of ventilation, 2278jr 
Exhedra; of the Greek gymnasium, 175. Of 
the Roman baths, 2Ho. Of a Roman house, 
262, 258 

Exhibition if the Industry of All Nations, 
1861, p. 1062 et seq. Building of, 1862, 2052 
Expansion ; i»f brickwork, l^Sc. Of con- 
crete, 1862a. Of hot-water pipes, 8069 
Exterior cemeLts, St251a €t ieq. 


pABRE, Jarme ; architect, 692 
J- Fabric, IS. dc , architect, 828 
Face work ; in meiiiwval masoniy, 1915a 
^Facing block of stone, 1902e. 

— of stone, in spec., 22fe2a, Brick?, in 
spec., 2282 

Fa^egoted iron, 1764a 
Faija’s concrete, 1908r 

Fair Oak house, Isle of Wight ; warming, 
&C., 2279c 

Fairbairn's beams and girders, 1629a, 1629 m 
F alaise ; quarries near, 1666A 
Fall for a drain, 1888y 
Falling mould of stairs, 2168 
False gable at Tarragona, 567 
Fan system j for extracting foul air, 2278</ 
For driving in air, 2278A 
Fan tracery, p. 1027. In cloisters at Glou- 
cester, p." 1087. Vaulting, I409ee, 2002<c, 
2002ar 

Fancelli, Luca, architect, 323 
Fanepr colours, in painting, 2272if 
Fanlight frames ; in spec., 2285(2 
Fano j forum, 218 

Faraday’s ventilation to gas light?, 2278o 
Farm-houses, 3002 et seq. Distribution of, 
3003. On large scale, 3004 
Fascia, brick, in spec., 2282, 2282a 
Fastenings ; iron to joints, 163 1;? 

Fauces ; of a Roman house, 260, 253 
Fauftina, temple at Rome, 2547 
Featner or rib ; on a castriron beam, to be 
avoided, 1629(2 
Fees, to pay ; in spec., 2280A 
Felber, Johann ; architect, 680 
Felkirk, yorkshire ; church porch, p, 998. 

Sacristy, p. 999 
Felspar ; in granite, 1669 
Felt; under slating, 2210(2, 2210c, 221 In. 
For roofing, 2210/ For temporary roofs, 
1907c, 221^ 

Felt grain ; in wainscot, 21256 
Fence walls ; in spec., 22826, 2282o 
Fencing, oak ; in spec., 2285A 
Femach, Johannes Petrus j architect, p. 1 008 
Fernandez, MatheM and Son ; architects, 606 
Ferrey's stamped plastering, 2245a 
Fez, ancient Arabian city; described gene- 
rally, 182 

Fibres j of iron, 17646 et seq. 

Fibrous plaster, 22466, 2261, Slab, 26., 2971(2. 

Asphalte or felt, 2210(2 
Fieeoie ; walls of, 179 

Figueraa, near Gerena; parochial church, 
589 

Figures ; in 4econition, 2519, 2521. Similar, 
9o8— 968 «• 

Filarete. See ** Averllno, Ant.** 

Filippo, Maesttca ; architi^» 867 
Fipeti HbM or fnonlat, 8129, 2532. p. 970* 
MfMiLWI (lA molk. 217Aa 


FLO 

Filleting; to h roof, 22116. To sUtes, in 
spec., 22d3a , 

Filter; l)ed8 for purifying winter, 2222c, 

Of porous sandstone, 2222i. Of siliceous 
stone, ib. Household, 

Fine stuff ; plasterer’s, 2286 

axed, to granite, 1915c 

Finger-plates, 2261 

Finishings; interior, timber for, 1729f , 

Fir, 1700 efse^. Wellingtonia, 1726. lS;rongth 
of, ib. 

Fire clay lumps, 1826. Lamp grates 2279(2 

Places, in spec., 2284(2. See*^ Chimner.** 

Stone, 166600. Brick, 1823, 1826. IVra- 
cotta, 1906i 

extincteurs, 29712 

Fireproof; doors, 2266c, 2971a. Plaster, 22466* 
Wire lathing, 2246c. Iron column^ 225& 
Paints, 227SJ, 2971(2. At theatres, 2971h 
et »eq. Curtain, 29716. Lathing, 2971c, 
To protect gauzes, Ac., 2971/. Theatre, 
29712 Rooms, 2889, 2971a. Floors, 1903 
et seq. 

Fires; causes of, in buildings, 2279p. Pre- 
cautions against, i6., 2971a. From gas 
lights, 22796, Open, in heating, '22796, 
Close, 22796 

First pdinted work ; proportion in, p, 1017 
Fischers, Carl ; architect, 865 
Fishmongers’ hall ; columns, IffTlc 
Fish’s bladder. See “ Veoica Piscis ’* 

Fitness ; the basis of proportion, 2496, 2407. 
Dependent on equiliorium, 2600. Maxims 
relating to, 2602 

FitwiUiams, Mr. W. ; house for, 440 
Five-aisled church, 567, 668, 659, 560. At 
Kuttenburg, 667 

Fixing blocks, 2166, 1908r, 2178c. In siwc., 
2286, 2285a 

Flachat, £. ; architect, 16666 
Flambard, bishop ; os builder, 321 
Flambwant period in France, 646, p. 990. 
At Ghent, 2896c. Tracery, in Spain, 694, 
Mouldings, p. 974. 

Flanders ; proportion of churches, p. 1006 
Flange ; for box in slate cistern, 2223g. To 
plate girder, 1629o 
Flanged beams, 1628o 
Flashed glss«, 22316 

Flashings ; in plumbery, 2218. In spec., 228f: 
To flute, 22116, 2214 

Flat ; arch, proportion for, 19256. Floors 
arched, 19036 et »eq. Tile roofs jn India, 
1908y. nf concrete, 1903m cficy. Tile, in 
spec., 2282a. Of zinc, in spec., 2294. Iron, 
rolled for flitches, 1629a. In spec., 22850. 
Of lead, in spec.. 2288. Wetterstedt metal 
for, 2224e 

— — in iiouscs, 2995a, 8012 et »eq. 

Flattened sheet glass, 1872 

Flatting ; in spec., 2290 

Flemish bond, 18^ et eeq. In spec., 2282. 

Bricks, 1828. Tiles, 1888 
Fletcher’s warming and cooking, 2279g 
Fli^ ; in stairs, 2186 

Flint work. 1666/f, 19226 et seq , p. 988. In 
spec., 2284(2 

Flitch ; of wrought iron, 22d5a. Beams, 1629m 
FJitcroft, IJcnry ; architect, 512 
Float stone ; bricklayer’s, 1890 
Floated wosk; plasterer's, 2242. Quantity, 
2248 j 

Floor ; duAir 6t«n or stove, 227to 

Floor or ioor boards, 2168 el Sfiq. Hoir 



JNBEX. 


i4ia 


TIiO 

measured, 2352, 2361. La}nng, 2168. Nail- 
ing, 21735. Varieties, in sj)^, 22855 
floorcloth ; injurious to a floor, 1747 
flooring ; 2018 et »eq. How measured, 2384. 
Single, 2014 et seq. Double, 2019. Doub’.e- 
nramed, 2020. Framed, 2022. Constructed 
with short piecea of timber, 2028. Timber 
lor, 1729/. In spec., 22855. Loads and 
weights placed on, 1628^. ^ See Boarding ” 
Floors ; arched, in brickwork, 19085 et eeq. 
Fireproof, 1903^ et eeq. Of cement, 190.5«. 
Of concrete, 1093r et seq. Plain tiles, in 
cement, 190$e, Of scagliola, 22M. Of 
Parian cement, 2251A. Other cements, 
2251m et seq. Wood blocks, 2173c. In 
medisBval p€^od, 2023a. Their omamen< 
tation, i5. et seq. Of churches, in spec., 
22855, For industrial duellings, 8016. 
Florence ; church of Sta Maria del Fiore, 828, 
827, 477, 616 ; dome, 149J^ j apse, p. 1007. 
Proportion of campanile, p. 1057. Chnrch 
of Sta Maria Novella, 616. Of Sta Croce, 
ib. Choir of church of the Annunziata, 825. 
Pal. Clondi, cornice, 2725. Pal. Pitti, 325, 
829,881. Pal. Riccardi, 827. Palaces, 858. 
Pal. Pandolfini, 829, 2726, 2767. Pal. 
Strozzi, 827, 8'29; cornice, 2725. Bridge. 
318. Walls ; at church of Sta Spirito, 
1535, 1551, 1554 ; at San Lorenzo, 1535, 
1550, 1654 . 

Florentine school of architecture, 329. Prin- 
ciples of, 830. Principle churches of, t5. 
Bj'zantine architecture traced iu works of, 
832. Period and principal masters of, 883 
Florid English or Tudor style ; its sera, flee., 
422 et seq. Examples in Scotland, 431. In 
England, 482 

Flowers ; used in decoration, p. 994, p. 995 
Flue ; 1905a, 19055, 2798. In spec., 2282a. 

See ** Chimney ** 

Fluo-silicic acid| I667jf 
Flush rings, 2268. Bolt, 2259 
Flushing ; 18875, 18885. Tank, 2220^. See 
“Water waste preventer” 

Fluted sheet glass, 1872tf 
Flutes of columns ; their nature and probable 
origin, 145, p. 948 

Flying buttresses, p. 1024, p. 1047, p. 1048 
Foix, Luigi de ; architect, 871 
Fold^ floor, 2168 

Folding doors, 2180. In spec., 228^ 
Foliation ; in windows, p. 989 
Fontaine le Henri, near Caen ; ch&teau, 548. 
Stone, 166655 

Fontana, Carlo ; architect, 865 
— — Domenico ; architect, 886, 844 
Fonthill, Wiltshire ; abbey, 528 
Footings; of a wall, 1^ et ssq., 1916a. 

Stone, in spec., 22845 
Foots Cray, Kent ; villa, 8000 
Force of the wind, 1692a et seq., 1667/ 

Forest of Dean ; stone, 1666e 
fork ; thatcher*8, 2211s 
Formation of bodies by glue in Joineiy, 2198 
—2208 

Formeret, 1499v 
Fortified houses ; in Spain, 586 
Fortuna Virilis, at Rome ; temple, 212, 261, 
p.958,p. 1067 

Forumj^of the Romans, described, 218. Civilia 
and Venalia, t5. Of Pompei, 212 
Fotherinny, NorthamptonsniTe ; bhurdi, as- 
similattiig work, p. 968. Bpira p. 1002 
Foul ahr In xoQin9» 9082 


TOO 

Foundations, 1881 ei seq., 19165, 8082. Tl* 
truviu8*B advice on, Iwl. B^t soils fon 
1882, 1888. Their depth, 1884. Spread of, 
1581. of inverted arches in, 1885. 
Cylinders in, 1885a. Walls above, should 
be kept drj’, 1886. Drainage of, 1887. In- 
Buifleient, 1502c. In spec., 2281, 2298a. 
For iron columns, p. 1065 
Foundery, 2265 et seq. Work ; in spec., 2280. 
Estimating, 2874 

Fountain at Batalha, 605. At Rouen, 548. 

At Clermont, ib. At Viterbo, 614 
Fountains, Yorkshire ; conventual cbnrcb| 
898, 407, p. 971 et seq. 

Fractures ; In an arch, 1496, 1497 
Framed flooring; weight of, 2022 

roofs ; single, 2052m, 2052^. Double, 

2052s 

Frames ; for windows, in spec.. 2285/* 
Framing; of joinery, 2174 — 2175a.’ Timber 
for, 1729/, 2126c. Angles in joinery, 2174 
et seq. 

Franc, Juan ; architect, 594 
France; olde^ buildings in, 289. Marbles of, 
1679. Pointed architecture in, 580 et 
seq. 

Francis I., of France ; patron of arts, 858 
Frankenherg ; church of St. Mary, 567 
Franking sash bars, 2165 
Franklin* 8 color ifere stove, 2279c 
Frascati ; houses, 614 
Fratres pontis, 810, 818 
Freeholas ; valuation of, p. 1094 
Freeman, Edward A.; writer on architecture^ 
p. 966 

Freemasons; Company of, 808 et seq., 401, 
p. 1056, p. 1067 

Freemasons* hall, London, 1681c 
Freemasonry; histories of, 816, 2629 
Free seats ; in sppc., 22855 
Freiberg ; cathedral, 667, 679. Spire, p. 1005 
Freiburg an der Unstrut ; church, 579 
Freiburg-im-Breisgau ; mUnster, 570, 679. 

Apse, p. 1007 
Freideb^g ; olinrch, 572 
Freixo d’Espada a Cinta; walls, towers, 
castle and church, 601 

French architects; attached to Venetian in 
preflerence to Roman schools, 358. The first 
in Europe, 360 

French ; building stones, 166655 et seq. Case- 
ment, 21655 et seq., 2278m; in spec., 2285^ 
Mouldings and details, p. 1085. Polishing ; 
in spec., 2290a. Bashes, 2164, 21655. School 
of architecture, 857 et seq., p. 1085. Slates, 
22 1 15 

Fresco pointing ; not treated, 22785 
Frette-embattled omamcai, 897 
Frette-trianralar omamen^ 897 
Fietwork ; in glazier’s work, 2229a 
Freudenstadt ; churchy 888 
Fribourg ; mason’s mark at, 822 
Friction, 1831—1841. Observations on, 1864 
—1889 

Frieze ; to oomlce, in spec., 2285e. Panels of 
a door, 2180. Rails of a door, t5. 
Frigidarium ; of the Greek gynmasinm, 175. 

Of the Roman baths, 285 
Frisooe, Marbo da; arc^tect, 619 
Frit; In glass-making, 1868 
Frobd, F. ; “ zimmerman,” 579 
Frog, or hollow of a brick, 15025 
Fro^more ; mansolenm, 1671ii^ 16711^ 207IA 
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‘Frost ; effect of, on lOate, 1808. On a bulld- 
mg, 2260/* 

Fryer’s refuse destructor, 1907« 

Fuller, bishop ; his aphorisniB relating to 
private buildings, 2985—2989 
Funnels ; of chimneys, 2798 
Fumes, Belgium ; church of Ste, Walburge, 
557 

Furness, Lancashire; conventual church, 898. 

Masons’ marks, 8225. Doorway, p. 978 
Furniture ; inlaying, 2178c. For locks, 226 1. 

For doors, in b]icc., 2285f 
Furring joints of flours, 2169 


p ABEIEL, Jacques Ange ; architect, 860 
IJ Gaddi, Taddeo ; architect, 828 
Gaiters ; thatcher’s, 2211s 
Galatino i monastery of Sta Gatherina, 625 
Galera ; houses, 614 
Gallego, Juan: architect, 596 
Gallery; height of, 2822. In Elizabethan 
houses, 440. In nave of church, 601 
Galli-Bibiena, Antonio ; architect, 2950 
Gallo, Tommaso ; abbot, 611 
G allot, gallet, or garret ; stone chipping, 
1861, 1922 a 

Galton ventilating stove, 2279c/ 

Galvanic action; in mebal roofs, 2224, 2224/ 
Galvanizing iron, 1780c, 1796 et teq. 

Galway marble, 1683o 
Gamondia, Enrico di ; architect, p. 1008 
Gandon, James ; architect, 504, 526 
Gankoffen, Joerg; architect, 579 
Garcia, Pedro ; architect, 595 
Gargoyle, 558 

Garigliano ; amphitheatre on banks of, 228 
Garret or gallet; see “ Gallot ” 

Gas ; governors, 2264. Lighting buildings, 
2264/ Leakage, 2264/ Fires, 22795, 
Burners, 2264c. Danger of, 22645. Venti- 
lation of, 2264/ 

— fitter, 2264 cf seq. In spec., 2293. 

pipe, 22285r, 2264a, 22645. Flexible, 

2264. Delivery |>cr hour through pipes, 
2264a. Mode of fixing, 22645 

stoves, 2264?, 2279c 

Gflses, noxious ; diffusion of, 8082 
Gates ; and coachhouse doors in spec., 2285c. 
And piers, 2784 

Gateway at Arpino, &c. 804, At Bruxelles 
and Louvain, 564, At Mycenm, 84 
Gauge ; joiner’s tool, 2120. Bare or margin 
of a ^te, 2210. Of tilting, 1835. For zinc, 
22245. ^uff, 2287, 22w, For filleting, 
22115 

Gauged arches, 1925e. How measured, 2811, 
In spec., 2282. 

Gault olav, 188^^ 

Gauthier, M. P.p architect, 2975 

Qayfere, Thomas ; mason, 528 

Geber; architect, 868 

Geezeh; pyramids, 74, 804 

General joiner ; machine, 21245 

Genhve, Simon de ; priest and architect, 561 

Genius in archil ecture, 2492 

Genoa ; church of San Lorenzo^ 819 

Genoese Gothic, 608 

Geometric forms ; in tracery, p. 995, p. 1028 

piers, 97C 

Geometrical drawings, 2490c 
principles of proportion, p. 1006 

— tracery in England, p, 9^. In Spain, 
5!91 


OLA 

Geometrical staircase, 1927 et seq* In joinery*, 
mode of forming, 2184 

Geometry, 874 et seq* Definitions, 875. Right 
lines and rectilineal figures, 876—907. Cir* 
cles, 908 — ^928. SurfMes, 929 — 984. Pro- 
portion, 985—957. Similar figures, 958— 
968. Planes, 969—978. Solids, 979—996. 
Practical, 996—1032. Descriptive, 1110— 
1211. Use of in proportion, p. 1008 et seq* 
S udied in England, p. 1087 
Gerbert; monk and pope Sylvester 11.^ 
809 

Gerbier, Sir Balthazar ; architect, 465 
Gennan architecture, 365 et seq. Details and 
mouldings of Gothic architecture, p. 976, 
Gothic in Italy, 608. Spires, p. 1001 
German sheet gloss, 1874 
Germanic symmetry, p. 1008 
Germany; early architects of, 865. Em« 
ployed in other countries, ib. Italian archU 
tects employed in, f5. Two different styles 
in its ancient churches, 288. Pointed ar« 
chitecture in, 565 et seq.^ p. 976 
Gerona ; cathedral, 586, 592, 595. Baths, 806 
Gerwin of We el ; architect, 677 
Ghent; church of St. Nicolas, 554, 559. St, 
Jacques, ib* St. Bavon, 665. 557, 559, 560. 
Of the Dominicans, 557. Of St. Michel, *5., 
559. Hospital of La Byloque, 557. 

Giallo Antico marble, 200265 
Gibbs, James ; architect, 601 — 508 
Giddea hall, Essex, 440 
Gil de Hontonon, Juan and Rodrigo ; archi- 
tects, 367. 697, 698,599 
Gilding, 2277a, 2379 
Gilt mouldings ; iu spec., 2291 
Gimlet, 2110 

Giotto or Bondone ; architect, 823, 616, p. 
1067 

Giralda ; bell tower at Seville, 820, 368 
Girder ; use of the word, 1628c 

of cost iron ; shapes of, 1628jr. In 

spec,, 2286 

of timber, 2020. Scantlings for, 2021, 

Method of trussing, 2021a. Timber fqr, 
1729/. How measured, 2835 
Girgenti, 148. Houses at, 626. See ** Agri«> 
gentum ” 

Gisborne priory, Yorkshire ; conventual 
church, 421 

Gisborougb castle, Yorkshire, 898 
Gizeh ; see “ Geezeh ” 

Glaetzel, Conrad ; architect, 579 
Glasgow ; works at, 1671p 
Glass, 1868 et seq. Pliny’s account of disco- 
very' of, 1869. Crown glass, 1870a. Knob- 
glass,*^., 1871a. Sheet, 1872. Patent plate, 
18726. German sheet, 1874. Plate, 1875, 
Rough plate, ] 877. Quarrie^l879. Brokm, 
in duapidations, p. 1095. 'To remove fr<NBt 
sashes, 2220a. For ornamental porposes, 
2281a. Compressive strength, 228Uk In 
spec., 2289. See ** Glazing' 

used in Anglo-Saxon buildings, 885, 886 

paper, 227^ 

Glastonbmy, Somersetshire; monastery of, 
889, 485. St John’s chur^ tower, p. 1062. 
Chapel of St. Joseph, 898 
Glazed bricks; wmto and other colours, 
188 le. Earthenware, I889g. TUss^ 

18d9a 

Glazier, 818« Work, in spec., 2289. Estimat- 
ing. 2878 

Glider’s vioe» 2228. Knifb|2226 
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Qlasinii;, ^^5 Large roofs aiid areas, 

' 222GL' 

f lobe; ia gUsSj leaking, 3870a. Lights, 8042 
louceater oathedwl, 8V6, 807, 421., Fouuders 
^ ^ and dimensions of, 484. Proportion of nave, 
Si p. 3012. Shafts, p. 101 •>. Tower, p. 1002. 
South iK>rcli, p. 998. Cloisters, p. 1037 
Groined ceiling of ditto, 2028^. Masons* 
marks at, 3226 
Glover, Moses ; architect, 442 
Gloves; to workmen, 31,7. Thatcher’s 
2211s 

Gloe, 2125cf 
Glued work, 2175 

Glueing-up work in joinery, 2198 — 2208 
GinUndcn, Heinrich von ; \ rclulect,620 
GneiSM, 1009 

Godstone, Surrey ; house corridor, 440 
Going of sta»rs, 2179 
Gold leaf, 2277a. Paint, 22776 
Gofiibuo, Gabriel ; architect, 598 
Gondoum. Jean Jacques ; architect, 363 
Gontard, Kail von ; architect, 366 
Gores of boards for covering domes, groins, 
&c., 2068—2078 

Gorges, Sir Thoinss ; bouse for, 440 
Gorliamburv house, Hertfoidshii’e, 446 
Go8fiel4#aJl, Essex, 426 
Gothid wch ; history of, 294 et stq. In 
masonry, to draw and find tlie Joints, 1938 
at seq. 

architecture, 294, 3076, 580—327, 

p. 964 et seq. See “ Pointed ArchitectuPi.** 
Details more than principles have occupied 
attention, 1588c. Style for houses, 527 
— dome, 1499o 

vaulting, 2002c? et eeq. 

Gouge, 2 13. Bit, 2107 

Gougeon, Jean ; sculptor, 368 

Gowns or robes to woikmen, 817 

Goyers, M. ; architect, 28966 

Grad us; of the Koman tlieatre, 226, 227 

Grafton, duke of ; house for, in Piccadilly, 

• 6)5 

Graining, 2276 

Granada ; church, 868, Palace, i6. 

Granby church, Notts., 1908a 
Granite, 1668 et eeq. Constituent parts of, 
1669. Not decomposed* by acids, 1670. 
Varieties; English, 1671. Scottish, 1671<?. 
Irish, 167 y. For paving, 1672. Weights 
of, 1672c. Crushing weight of, 1500, 3602, 
1602A. Working oh 19lS> 

— in Spanish churches, 585. In Normandv, 
16660 

paper ; to manufacture, 2278 

Granitic Breccia stone, 1903«, 1906c. Paint, 
2278(7 

'GranaoliLhic stone, 190oc * 

^Grantham, Lincolnshire ; church, 408, 421 
Granulated steel, 1775 
‘Grass tabic,* p. 980 

Grate, form of ; for heating, '2279d? ef ae 9 ^. 
Grating, cast iron in spec., 2286a. To stable 
yards, in spec., 2286a 
Grfttz, Johann von ; architect, 620 
Grauwacke, 1672c 

Gravity ; centre of, 1242. Nee ** Centre of 
gravity,*' 

Grease traps, 2S20n • 

Grecian architecture ; strict meaning, as dis- 
tinguished from Roman, 184‘. No arches 
used in, £6. Identical with columnar ar- 
chitcctuiO, 163. Fn its decline^ 177. His- 


tory and proportion, of, p. 942, Orders, 2570 
et seq. Style for houses, 626 
Grecian temple ; origin of, 189 
Gieciaua, early building of ; were palaces of 
princes, 187*. Described, ib, 

Greco-Koman style, 624 
Greek churches; distribution of, described 
875—877. Cross, for a plan for, p. lOOtl 

marbles, 1676 

mouldings, 268, 2532 

Green ; arsenical, 2278 
Greenheart timber, 1 728c 
Green marble or serpentine, 1683c 
Greenwich, Kent; church, 505. Hospital, 
2973a ; interior of cbbpel, by Stuart, 616 ; 
roof of chapel, 2047. Palace,* 423. Queen's 
house, 462 

Grdgoire, Mens. ; architect, 550 
Gregory 1 1 1., i ope ; arts under, 281 
Greville, Sir Fulke ; house for 440 
Grey cast iron, 17656. Stone limes, 1843 
Griffith, W. P. ; architect, on proportion, 

p. 1016 

Grimsthorpe, Lincolnshire ; palace, 426 
Grinding stone ; bricklayer’s, 1890 
Gritstone; thatcher’s, 2211s 
Groined arches in brickwork, 1908 

ceilings of timber, 2028p et aeq, 

vaulting, 1444 — 1446. Heady method of 

equilibrating, 1457, 1468. "Applied to 
churches with naves and aisles, 1459— 
1463. In pointed architecture, 1499i> 
Groins, in mastmry ; various, 1945 et aeq. 
To disc ibe parts where the arches are of 
unequal and of equal heights, 2059, 2060*. 
Kibs for, 2068—2077 
Groove, 2023, 2104. 2171 
Ground; glass 2‘2Jlc. Rents; valuation 
of, p. 1095, p. 1096, p. 1097. Table, p. 980 
Grounds; in joinery, 2166, 2167. In spec., 
2285c 

Group ; of mouldings, p. 971 
Grout ; or liquid mortar, 1860 
Grouting ; a cause of decaj’ in timber, 1743. 
In spec., 2282 

Grozing irons ; plumber’s, 2212 
Gruenberg ; church, 567 
Grundy s warm air grate, 2279rf, Warming 
apparatus, 2279c 

Guadalajara ; palace of Mendoza, 697 
Guadalupe ; Hieronymitc monastery, now a 
bar rack and parish church, 594 
Guards to windows, in spec., 2286a 
Guarini, Camilla; architect, 866 
Guebwiller cliurch ; octagon stewle, p. 1004 
Guildford, Surrey ; castle, 894| i feL 
<7uildhall, London, 414;323 ^ 

Guild of masons, 318 et sco, 

Guiloches, 2817 

Guimaraens ; Dominican cloisters, 608. Ncasa 
Senhora da Oliveira, t6. * 

Guisboruugh priory, Xorkslure ; mullions, p. 

991 * ^ 

Gullj^ tr™, 22206 
Gumiel, Fedro ; architect, 867, 538 
Gundulph, bishop, 821. lutroducedomament 
into Norman architecture, 895 
Gun metal ; strength of, 1680r 
Gutta-percha, 2228r. Experiments on pipes, 
ib. 

Gutter i tiles, 1837. In filleting, 2211? 

boatrds, in spec., 228da 

Gutters, 2255. K spec., 2285t(, 2238a,, 2298X 
Of zine, in spec., 2294. Arris of dbat^ m 
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GUT 

■pec., 2285A. Lead, in spec., 2288, Of 
copper, 2224, 22<4a 
Gny’s hospital ; ventilation, 2278y 
Gydd 3 "o hall, E^x, 440 
Gymnasia f f the Greeks ; parts of them and 
plan, 176 

Gypsum, 1866c. Used for walls in Paris, 
2249a et seq. 


H and HL liing^ 2258a 

Hack, in brickniaking, 1815 
Hacket or Ouguet, David ; arcliiteci, 604. C05 
Hacaing knife ; glazier’s, 2226 
11 addon hall, Derbysliire, 426 
Haden and Co.’s system of ventilation and 
warming, 2278/. 

Hadleigh, Essex ; church beacon, p. 1002 

Hadrian's villa ; walls at, 1535 

Ha], or Halle ; church of Notre Dame, 559. 

Of St. Maurice, 567 
Halberstadt; cathedral, 569 
Half paces, in stone stall's, 1929 
Halkin mountain lime, 1848c 
Hall : at Westminster ; Guildhall, London ; 
Goodrich ; Cheater ; Bristol j TV'oodstock ; 
Eltham ; Kenilworth ; Darlington ; Crosliy-, 
in London ; Durham ; Conway ; Knby ; 
Swansea (2) ; Castle hall, in Leicester ; 
SpofforUi ; Caerphilly; Warwick; May- 
field ; Berkeley, 414 

Halle, or hall of companies; at Ypres, 561. 
Bruges, i5. Louvain, t6. Diest, id. Ghent, 
id. Hala at Barcelona, 595 
Halle an der Saale ; church of St. Mary, 583 
Halle aux bleds, at Paris ; roof, 2051 
Kallmann, Anton ; architect, 377 
Halnacre, Suffolk, 428 
Ham Hill stone ; its analysis, &c., 1666 
Hamelin’s cement, 1865 
Hamilton palace, Scotland, 1683 
Hammer; bricklayer’s, 1890. Plumber’s, 2212. 
2209 

• beam roofs Gothic, p. 987, 2052/, 2062/, 

2052m, 20^s. In ^pec., 2285a 

blocked, to granite, 1916c 

Hampton Court, Herefordshire, 423 
Hampton Court, Middlesex; palace, 426, 1683, 
1908a. Koof, 2052f. Gateway, 427 
Handlinch house, Wiltshire; portico, 616 
Handpick ; slater’s, 2209 
Handrail, 2176, 2187 et seq. In spec., 2286d, 
Of glass, 2281a 

Hanging sashes, 2165a. Tiles, 19075 

Han well. District schools infirmary, 2976c 

Hardening steel, 1776 

Hardwick, Philip, K.A. ; architect, 1660<i 

Hardwick hall, llerbyshire, 446 

Hare, A. ; architect, 561 

Hare^hill stone, 1667ic 

Harewood, lord ; house for, 514 

Harlaxton hall, Lincolnshire, 426 

Harlech castle, Merionethshire, 402 

Harmony in architecture, 2509 

Hart, Sir Percival ; house for, 440 

Hai-t’s ventilator, 2278e 

Harwich oement, 1868 

Haselwode stone, p. 1045 

Haeeridge, Sir William ; house for, 440 

Hassock ; in ragstone, 16664, 1922o 

Hatched ornament, 897 

Hatchet; joiner’s, 2117 

Hatfield, Hertfordshire ; hottae, 445, 451,452 

Hatfield- ; plan finr, 440 


HIP 

Hatton, L<«d Chanoellor ; house for, 440 
Haunch of an arch ; to fill up, 1497 
Hawarden castle, FKntsbire, 898 
Hawk ; plasterer’s, 2284 
Hawkhurst clurcb, Kent; east window, p. 
1015 

Hawkins, John S. ; amateur writer, p. 1012 
Hawksley’s patent treads, 2180 
Hawksmoor, Nicholas ; architect, 499 
Hay and moss for setting tiles, 1906 
Hayrack ; in spec., 2285A 
Head of iron; in casting, 226 5 A 
Header ; bricks, 1894. Slates, 2211c 
Health: cubic feet allowed; for hospital#, 
2975a et seq. For infirmaries, 2976a et 
seq. Generally, p. 1226. Conditions of a 
house, 8027 et seq. 

Heart wood ; densest and strongest, 1628a/ 
Hearths; in spec, 2282a. Back, in spec., 
2284d 

Heating, 2279 et seq. Insecurity of apparatus; 

2210p. In spec.. 22825 
Hecke, Von ; ventilation, 2278A, 2278z 
Heckington, Lincolnshire ; church, 421. 
Tower and spire, p. 1001. Mouldings Of 
doorway, 1020 

Heckler, Johann Georg ; architect, 670 
Heddon stone ; its analysis, 1666 
Hedgerlcy bricks, 1826 
Hedmgham castle, Essex, 894, 898 
Hegge marble, 2002a 

Height of columns, 2548 et seq. Of buildings, 
use of square and triangles, p. 1015, p. 1016 
Heilbronn ; church of St. Kilian, 683 
Heinzelmann, Conrad ; architect, 579, 680 
Hempstead Marshall, Berkshire; bouse at, 
465 

Heneage, Sir Thomas ; house for, 440 
Hengrave hall, Suffolk, 426 
Henry III. ; many religious buildings founded 
in his reign, 401 

Heuszlmann, Dr. E ; architect, on proportion, 
p. 1017 

Heraclidse ; colonies of, p. 948 
Herbert, Henry, earl of Pembroke ; amateoF 
architect, 608 

Hercules ; temple at Agrigentum, p. 946 
Hereford ; cathedral, 898, 421. FoundenT 
and dimensions of, 431 
Hermogenes; architect, p. 961 
Herodes Atticus ; his munificence in archi- 
tectural expenditure, 193 
Herrera, Giovanni de ; architect, 871 
Hever castle, Kent, 426 
Hexastyle ; temples, 2528 et seq. Porticoeiy 
p. 944 et seq, 

Hexham, Northumberland j cathedral, 886 
Hexpartite vaulting, 1499jf 
Hieroglyphics ; in Egyptian architecture, 86 
Hieronvniite monastexy ; at Lupiana, 592. 
At Guadalupe, 594. Segovia, 596. Of La' 
Pena at Cintra, 607 

Higham Ferrar->, Northamptonshire ; church, 
408,421. Roof,2052o. Porch, p. 998 
Highgate, Middlesex; house at, 440 
High-pitched roof ; adopted from vaulting,, 
2052/ 

High-pressure water supply, 221 8A et teg, 

HiU hall, Essex, 426 
Hingeing. 2149 ef seq. 

Hinges, difihrent sorts, 2258 et seq, lu spsp*, 
2285/ and p, 2286a 
Hiome, Franda ; architect, 514 
Hip rafter, TOOO, '20860. Tiles, im 
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■HIP 

Hips, to find back of, 2064. Lead, in* spec., 
2288 . 

Hitchin’s fibrous slab, 224G6 
Hoarding ; in spec., 2284e 
Jlod and Board ; slater's, 2209. Bricklayer’s, 
1890 

Hod^inson's form of girder, 1628y, 1629A 
Hoenich, Claus ; architect, 580 
Hoffmann, Nikolaus ; architect, 588 
Hofistadt, l\ ; architect, on proportion, p. 
1020 

llolbeach, Lincolnshire ; church, 21465 
Holbein, Hans ; painter and architect, 427 
Holdenby, Northamptonshire ; banqueting 
hou8e,*440 

Holkham, Norfolk ; house, 611, 2822, 2997 
Holland, Henrj' ; architect, 624 
Holland house, Kensington ; for Sir Walter 
Coap or Cope, 440, 452 
Hollinuton stone, 16G6o 
Hollow bricks, 1880, 1831c. In mortar, 
19005, In partitions and arches, 19025, 
1903t 

cement blocks, 1902<i 

moulding, 2682, p, 970, p. 973 

walls, 1902c et seq.^ 30*29, In spec., 2282c 

Holt, Sir Thomas ; ground* plan for, 440 

Thomas ; architect, 443 

Holyrood chapel, Edinburgh, 431 
Homan and Rodgers’ fireproof floor, lOOSo 
Homan's quartz, 8cc. paving, 1 905c 
Homogeneous metal, 1778. Strength of, 
lG30r 

Hone, Kent; church windows, p. 1030 
Honccorf, Wilars de ; architect of 18lh cen- 
tury, p. 969, 1008 

Honevman's diaphras;m ventilator, 2278r 
Honneur ; Church of Ste. Catlierine, 547 
Hontanon. See “ Gil de llontanou ” 

Hood mouldings, p. 981 et eeq, 

Hoogstraeten ; brick church, 660 
Hoop-iron ,* weight of, 2254. Bond, 1899a. 

Crumps for hollow walls, 1 902e 
Hope, H. T. ; house of, in Piccadilly, IGGGr 
Hopper casements ; in spec., 228GaI Water- 
closets, 2220c. Ventilator, 2278n 
Hopton Wood stone, 1666*, 16775 
Horizontal courses to vaults, 1925d, 2C0^ 
2838 

Hornblende; granite, 1669, 167 Ij 
Horse Guards, London, 511 
Hoi'seheath house, Cambridgeshire, 465 
Ilorsemonden, Kent ; church porch, p. 986 
Horse power, 1346. 

Horticultural SocieU% London ; roofs, 2052 
Hospital cbui’ch at Cues, 579 
—-of La Byloque at Ghent, 567. At Sau-^ 
tiago, 598. Of San Giovanni Battista, 
near Toledo, 870. At Vercelli, 611. At 
Angers, vaulting, 1499w 
Hospitals, 2973 et seo. Examples at Milan, 

2974. Of Green>uch and Chelsea, 2978a. 
La^Koquette at Paris, 2974. At Bordeaux, 

2975. L iriboisibie at Paris, i5., 2278z. At 
Netley, 2975a. Ildtel Dieu at Paris, and 
ethers, 29755. 

— - size of wards, 2976c. Ventilation of, 
i5. New French hospitals, 2278A. Loudon, 
2278^. Separation^ wards, 2975d. St. 
Thomas’s hospital, London, 2976e; its 
warming and veutilatiug arrangements, 
2975^. St. Geode’s hospital, 2278A Cir- 
cular, 29765. For vihag^ 29765 Con- 
Taleaoent, 2976L 


HYD 

llospitium of a Roman house. 261 
Ho^air flues or channels, 227^, In America^ 
2279^. In spec., 22825. 

Hot blast, 1^58. Iron, strength of, 1628/ ei 
»eq^ 1680r 

Hot water ; low-pressure system, 22795, 
22795. High pressure, 22791. Cistern, 
2223^ 

Hotel ; des Ambassadeurs at Dijon, 548. De 
Bourgtheroulde, at Rouen, 650, 551, 552. 
De Cluny, Paris, 648. Du Franc, Bruges, 
563. Des Invalides, Paris, 869 
H&tel de Ville ; St. Quentin, 548, 550. Com- 
ihgne, 549. Oi leans, 648. St. Omer, 

45. Alost, 562. Bruges, 15. Bruxelles, 
15. Louvain, ib. Moos, 15. Ghent, 15. 
Audenaerde, ib. Courtrai, 15. Leau, ib, 
Casa de Ayuntamieiito at Palencia, 596. 
Valladolid, A. 

Hou, of the (Chinese, 106 

Houghton, Durham ; church, proportion oil. 

p. 1012 

hall, Noifolk ; water-house, 508 

House ; of the Forest of Lebanon, 53 
House of Commons; Reid’s system of venti- 
lation, 2278^ 

Houses, first; according to Vitruvius, 6. 
First, of the Egyptians, Peruvians, t5. 
Present, of the Ab}'S8inians, 15. In the 
East, consisting of more than a single 
story, 140. I'errace on the tops of them,. 
ib. Designed by John Thorpe, 440. 
Private, 2994. Supply of water to, 2*2281. 
Sanitary asj^ect of construction, 8027 et aeq. 
— of Parliament; London, 627. River 
wall, 16715. Roofs, 1796. Stones used in 
building, 1666. In Dublin, 526 
Household of the King, 819 
Housiiig; of principal rafters, 2033. Of 
steps, in spec., 2285c 

Howard : Henry, earl of Northampton ; house 
built for, 442 

Howarth’s screw ventilator, 2278p 
Bowden, Yorkshire ; conventual church, 407,- 
421, p. 971 et SCO. 

Hubbuck’s zinc white, 2272c 
Huddlestons stone, 1681c, p. 1045. Analysis, 
1666 

Huerta, Juan de ; sculptor, 548 
Huesca; cathedral, 698. Doors, 2145s. 
Church, 591 

Hup de Guldclif ; master mason, 812 
Hull, Yorkshire ; bricks used early at, 416 
HUltz or Hiltz, Jihn, senior and junior ; 
architects, 805, 570 

Human figure; proportions of, 2394. Ac- 
tions of, 2396 et $eq,^ Centre (rf gravity of, 
ib. Motion of, 2897. In running, 2398. 
In preparing to strike, 2399. In bearing a 
weight, 2400. In leaping, 2401. In lean- 
ing, 2402. In fi|y^i|^and falling, 2408« 
Drawing, 2388<2 
Hundred of lime, 2308 
Hunsdon house, Hertfordshire, 426, 446 
Huppeau; church spire, p. 1000 
Hurlers, Uie ; circle of jitones in Cornwall, Ifi 
Hurstmonceaux, Sussex ; house, 423 
Hurwood’s window, 227Bo 
Hutchinson’s process for preserving stone, 
1667m 

Huy ; church of Notre Dame, 658 
Hyatt’s patent ah -.ets for floors, 1908r 
Hydraulic; concrete, 1862<i Lift, 2221^ 
LiiuM, JlortM, 1869*. JtMP. 
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flvjfeian rock compositioii, 1886 
Hypiethrnl t<mple, at Paestuin, 149 
Dyperbola, 1088 — 1094 
llypnerotomuchia ; or Songe de PoUphile, a 
work so called, by F. Colonna, 826 
Hypo-nitro kali, 2276c 
Hythe church, Kent; columns, 1681A. 


I liAKRA, Pedro de ; architect, 697 
Ichiiographia, of Vitruvius, p. 971 
Ictinus ; architect, p. 901 
Jffley, Oxfordshire ; parochial church, 898 
Ilissus; Ionic temple on the, 153, p. 961 
lllescfls ; church and monastery of San Do- 
miuico di Silos, 3(19. Palace of San llde- 
fonso, 372 

Imbecile as} lum, 2975m 
imitation in German churches, 568 
Imitations in painting, 2276 
Imitative Gothic, p. 965 
Impact or collision, 1628e, 1630o. To beams, 
, vl628c, 1630o. To stone, 1502p 
Itnphivium of a Roman house, 247 
Impoe" level, 2002ei 

Impolts and archi volts of arcade^, 2632 
Impulse of the wind, 1692a etseq.^ 1667/* 

Inch tool ; mason's, 1910 
Incised plaster work, 2245a 
Inclination of roofs in various climates, 2027 
—2030 


Inclined; tower, 598. Plane, 1298—1806. 

Timbers 1622. Beam, 1628^, 1629y. 
Indestiuctible paint, 2273t 
Indian architecture ; similarity of, to Perso- 
politan, 65. Sir VV. Jones’s opinion on, i5. 
Induction; system of ventilation, 2278u> 
Induration; of stone, 1667 n, l(l67r 
Industrial classes; town dwellings for, 8012 
et seq. 

Infirmaries ; definition, 2976. Workhouse, 
2976a. Requirements of Local Board, 
29765. Of the schools, at Hanwell, 2976c. 
At Blackburn, 2d7Gd 
Ingegneri ; in Italy, 619, 620 
Ingelramnie ; architect, 516 
liigeniator, 812, 819 
Ingoldstadt ; church of St. Mary, 579 
Ingot copper, 1788a 
Inlaying of furniture, 2173c 
Inlet brackets for ventilation, 2278a 
Insecurity of heating apparatuses, 2279/) 
Inside bead of sash frames, 2147. Linings of 


sash frames, 2147 

Iiiipection cliamber to drains, 1888/. 

Insula ; in Roman architecture, 253 
Interaxal divisions ; in a design, 2852. Pre- 
vent false bearings, 2843. Applied to the 
Villa Capra, ib. Great use in, 2844. Used 
' bv Gothic architects, 2846. Obligations to 
liurand for introduction of, 2846. Number 
of, in different apartmenta, 2848. Columns 
of, how arranged in apartments, 2849. 
Applied in designing churches, 2876 
Interceptor to drain, 1888/, 2220t 
liitercolumniation ; different smcim of, 

2605. Of the Doric order, w. Of the 
I'u 8 C 4 in order, 2606. Of the Ionic order, 
2607. Of the ^rintliian order, 2608. 
Viirnola’s practice, 2610. Cases of wide, 
2613. To be of equal width, 2614—2616 
Interest ; calculation of, p. 1101 a* jay. So- 
lution of problems in, p. 1102 
Ipterior cemeu^ 2251c/ at Jey* 


ISA 

Interiors of buildings, beauty of, 2504, 2505 
Interpenetration, 578. Of mouldings, p. 974 
Jntertie of a partition, 2025 
Intrados ; of a Gothic arch, 1925</ 

Inverted arch ; in foundations, 1885. In spec., 
2282c 

Iona marbles, 1682 
Ionia ; colonies in, p. 950 
Ionic order ; origin of, according to Vitru- 
vius, 140. Of the Greeks ; height of its 
columns, 154. Entablature, i5. Bases, 156. 
Volute, 157. Proportions, p. 950 et sey. 
Pnncipal examples, 2581. In the temple 
on the Ilissus, ib. ; Table of its parts, ib. 
order of the Romans, 260. Table of ex- 
amples, ib. General proportion, 261. Pro- 
portions, p. 960 et seq. 

of the Italians, 2678 et seq* Vignola’s 

profile of, 2574. Table of parts of, ib, 
rarts of, to a larger scalei, 2575. Volutes 
of, detcribed, 2676. Profile of, by Vitruvius, 
2677. By Palladio, 2578. By Serlio, 
2579. By Si'amozzi, 2580. Intercolumnia- 
tions of, 2607. Arcade, 2624. With pedes- 
tal, 2680 

Ipsambool, 92. 166. Temple, 71 

Ipswich, Suffolk ; college, 426 

Irish ; a colony of the tiist race of people, 11 

granites, 1671/ Marbles, 1683 

et seq. Slates, 1806. Towers, p. 1008 
Iron, 1764 et seq. S| ecies of ore, 1755. 

Mode of smelting, 1756 — 1759. Bar iron. 
, 1760, 1761. Malleable iron, 1726 et seq. 
Observations on iron, 1764 — 1766. Fibrous 
and crystalline irons, 17645. Plate iron, 
1764/. Cast iron, 1764 et seq. Security 
for supporting weight, 1768. Soft grey, 
best sort, 1765. Test of goodness of cast, 
1767. Corrosion, 1779. Galvanizing, 17805 

Weight of 1 foot cube of bar iron, 

2264 ; of wrought iron, ib. ; of cast iron, 
ib.; of 1 foot in length of square iron, ib.; 
of round iron, ib. ; of close hammered /a/ 
bar iron, ib. ; and of flat cast iron, ib. In 
stonework ; decay of, p. 1004 
bark w ood, 1728c/ 

cast and wrought ; strains on beamsj 

girders, and pillars, 1628 et seq. Crushing 
wight, 1630. Qualities of, tor castings, 
2205a. Weights of varieties, 2254<:i, 2265d 

construction in rear of warehouse for 

light, 2256d 
drains, 1888a 

joists and girders, 1628x et seq. Special 

lengths, &c , 162^ 

, sulphate of, 17^2. Oxide of, ib, Pyro- 

lignite, 1752a. Paints for, 22735 ei seq. 
Minium paint, 2278d 

Iron spire, p. 1005 j and roof, at Cologne, 674 
— ^stairs, 2265. Doors, 225 c. Ck)lumns, 
2255. Shop ficonts, 2255/. Wine bins, 2255a 
— ties in Italian Gothic, 609 

wire, 1779d. Cords, 2260 

Ironmonger, 22b5r; in spec., 2286, To joiner’s 
work, in spec., 2285/ 

Irons ; use of the woi^ 1628c 
Ironwork ; how preserved from action of 
moisto^ 1779, 226da, 22786 et seq. Treated 
denoratively, 2255A, 2264. Fixing, in 8i>ec., 
2293/ 

lithliogborough, Warwickshire ; church win- 
dow, p. 988 

Isaoonstie aiirre : for a lecture ro&CL 2598^ 

2m 
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Isle of Man marbles. 1681 
IsflRiire ; doorway, 589 
Italian ; architecture, 828 d seg. Gothic, 616. 
Tiles, 1885 

Italy, )X)inted architecture of, 608, p. 1049 
lU'henor, Sussex j proportion of church, p. 
1018 

Iturriza, Pascual ; architect, p. 1019 
Ivan IV., of llttssia, emperor ; patron of the 
arts, 876 

Ivan Veliki ; clock tower in Moscow, 875 
Jvarj, Filippo. See “ Juvara.’* 


J ACK plane ; plumber’s, 2212 
Jack rafters, 2085ct 
Jacobus ; architect, 612 
Jaf*opo da Campione ; architect, 619 
Jacopo (r Lnpo ; architect, 613 
James, John ; architect, 505 
Jammet, Mons ; design for house at Paris, 440 
Jansen. Bernard: arebiteer, 412 
Jarmin’s house, St., near Paris, 440 
Jedburgh abbty, Roxburghshire, 481 
Jedding axe, 1913 

Jennings ; at bt. Paul’s cathedral, 469 
Jerusalem ; temple of, constructed by Solo- 
mon ; notion of, by Villalpanda,52. Church 
<*f Holy Sepulchre, 805. Mosque of Calif 
Walid, 306 
Jib door, 2130 

Jimon, at Seville ; architect, 595 
Jobbing work ; in hpec,, 2284c. By carpenter 
and joiner, in spec., 2285t 
loffred, ab'.ot ; of Cro} land, 892 
Joggles ; in carpentry, 2009. In stone stairs, 
1927 et seq. 

Joggling, 1925c et seq, 

Johann ; architect, 581 
John, king of Portugal ; chapel at Bataiba, 604 
John VI , pope ; aris under, 281 
John of Gaunt’s gateway at Lancaster castle, 
416 

John of Padui and his followers, 425 et se^. 
John^s stucco wash, cement, and paint, 
1866n 

Joiner’s work and mode of measuring, 2851 
et seq. Ins] ec., 2285 ; 229Sc. Of med asval 
period, 2125 et seq. Tools used in, 21n2 — 
2124. Mouldings, 2126—2129. Wood used 
for, 2124. Machinery in, 2124a. Formation 
of bodus by joining with glue, 2198 — 2208. 
Joinery, 2100 et seq. 

Jointer ; brickluytr’s, 1890, 1900e 
Jointing rule ; ljrickla> er’s, 1890 
Joints, embossed or hollowed, 1499. Fasten* 
ings to iron, x631^. In drain pipes, 1888a. 
To lead pipes, 222do. Qf mortar, 1^0. In 
brickwork, 1900e. In stonework, in spec., 
2284ci. In carpentry, oee Sc rfiog.” See 
“ Glue ’* 

Joi^ts, ^014 et seq. Spacing of, in spec., 
2285. See « Ceiling,” « Binding,” « Bridg- 
ing,” “ I rimming,” “ Common,” tec. 

Jones, Inlgti ; architect, 819, 885, 440, 454 
—464,426. Door by, 2748. Window by, 
2770 

Jordan’s wood and stone carving tnaebise, 
2124rf 

Julian, pope; patronued archUectare, and 
extent of his patronage, $08 
J uno ; temple at Samos, 158. At Agrigentum. 

, . 

Jupiter; temple at Olympia, 141 


SIR 

Jupiter PanhelleniuB ; temple at Egfna, 146J 
p. 943 

Stator (now the temple of the IMoi^ 

cuHl ; temple at Rome, 208, 262 

Tonans (now the temple of Vespoeian) j 

tf mple at Rome, 209, 262 
Justin, emperor ; architecture under, 272 
Ju<>tinian, emperor ; architecture under, 272. 
His architects, Anthemius and Ibidurns, 
Restored Byzantine palace, 16. Fortihea- 
lions in Europe and Asia, ib. 

Juvaia, or Ivara, Filippo ; architect, 372, 623 


E ATLACA; temple of, at FJlora, 66 
Kaolin or China day, 1670a, 1671a 
Kallkolith stain. 2276/ 

Kaschau ; church of Mr. Elizabeth, 572 
Kedlestone house, Derbyshire, 517, 2996 
Keene’s cement, 1866. Use of, 2251c. In 
spec., 2287 

Keep ; of a castle, 394 

Keeper ; of the Fabric, 312, 319. Of the 
works, ib, 

Keldermans. ^cc ‘‘Mansdsle ” 

Kelso abbey, Roxburghshire, 481 
Kelston house, Somersetshire. 446 
Kenilworih castle, Warwickshire, 398, 414, 
423, 438, 446 

Keuningball, Not folk ; mansion. 426 
Kennington, Surrey ; pulat e, 423 
Kenon disconnecting trap, 2255 
Kensington, Middlesex ; p lace, 1688 
Kent, William ; architect, 511, l'7276. Win- 
dow by, 2772 

Kentish rag stone, 1663a d seq., 1922c d seq. 
In spec., 2284 

Kenton stone, analysis, 1666 
Kerb ; see Curb ” 

Kerby, Northamptonshire ; houte, 440 
Kerr, Robert, architecr ; his work, 7%r 
English Gentletnjn's House, 3001 
Kerrich, Mr. ; on proportion, p. 1013, p. 1014 
Ketton stone, 1666a. Analy^iB, 1666 
Kew, Middlesex ; palace, 627 
Keyham dock yard, granite us^d at, 1671a 
Ke^s and wedges, 168 Ik 

to bib-cocks, 2223c 

Keystone ; diminution of arch, 1498. In 
vaulting, 2002c 

Kiddiugton, Oxfordchire ; church, roof of 
south chapel, 205 2o 

Rfof ; chunch built at, in the time of Vladimir, 
376. Convent of Petchorsky, ib. Of St. 
George and St. Irene, t5. 

Kilkenny ; cathedra^, windows, p. 988. Black 
abbev, toner, p. 1008. Franciscan church,* 
ib Round tower, 1499ic 
Killing knots; in painting, 2268. In spec., 
2290 

Kiln-burnt bricks, 1817 
Kilns; in brick-burning, 1817, 1819. In lime- 
bnrning, 1846 

Kimbolton, Huntlogdoiisliire ; palace, 426 
King, bidiop ; at ueih, p. 1052 
King doaer ; in brickwork^ 1896 

post, 2081. Roof, 20850^ 20d2<f 

Kingx College, chapel. See Cambridge ” 
King’s Coilt^, Loudon, 520 
King’s Langley, Herts; paIaoe> 426 
Kirby or Kerby, houa& 

Kirchhfiim*MB-llie8 ; Kumech, ih t 
Kirkalay testing machinery, 2266A 
Kirkhain, TorkAlre ; eo&wtiMi ebitfeii,4M'^ 



INDKX, 


KIB 

RirHgtall. Yorkshire; coi^ventual church, 
421 

Kitchen; at Alcoba^a, 602. Yaultingy 1499M 
— gas in» 2264i 
Kitchener, In spec., 2286a 
Kit's Coty house, near Kochester, 23 
Knapton^ Norfolk; church, 2062f, Roof 
mouldings, p. 987 
Knife ; thntoher’s, 22I1« 

Knob glass, 1871 

Knobbled ; in mason’s work, 1922«r 
Knocker, in spec , 2286^ 

Knots ; in painting, to kill, 2268. In epee., 
2290 

Knowle house, Ken^, 446 
KoiAoi/, or envea ; of the Greek theatre, 172 
Kowrie wood, 1728rf 
Kreglinger, W. ; architect, 680 
Kuemelke, Johann and Matthias ; architects, 
679 

KUhlmann’s process for preserving stone, 
16674 

Kutt-nberg ; church, 667 
Kvan’s process for preparing timber, 1742, 
‘1752 

Kjlas or Kailaca, at Ellora, 56 


L AACH ; abbey church, two apsides, p. 
• 1007 

Labour and materials, 2343 

Labourers’ dwelling*, 3012 

Labra ; of the Roman baths, 235 

l^acing couises ; in flint work, I922/t 

Laconicum ; of the Roman baths, 235, 236 

Ladles; plumber’s, 2212 

J.ake A lbs no ; niches in buildings at, 2776 

Lady ; hou*«c for, 440 

La Malaiirerie quarnt-t, 1666/ 

Lambton halt, Durham, 52u 
Lamego; cathedral, 603 
Laminated ribs ; in roof, 20525 
Lancaster; castle, 398. John of Gaunt’s gate- 
way at, 4 1 6. Stulls, p. 985 
Lancet-headed window-, p. 988 
Lancet style ; origin of the term, 405. Pro- 
portion of, p. 1023 
Landau ; chuich, 580 

Landings; in stone stairs, 1929. Of slate, 
2211{{f. In wood stairs, in spec., 2’2S5d 
Lanercost, Cumberland ; conventual church, 
407 

Langeberg, Johann von ; architect, 577 
Langhans, Carl Gotthard ; architect, 366 
Langrune ; chuich “pir , p. 1000, p, 1004 
Lani^owne hou-e, Berkeley ‘■quare, 517 
Lantern ; at Elv, p. 1001 
Laon; ca’hedral, 540. Church of St. Marlin, 
634, 645 

Lap; of a slate, 2210 
Lapo or Jacopo ; architect, 808a, 865 
Lai o’, Arfaolfo di ; archie eel, 828 
Larariom ; of a Roman house, 258 
Latch, 1717 

Larder fittings ; in spec., 2286A 
Larke, T. ; surveyor, p. 1086 
Lascelles* concrete construction, 1908x 
L’Assant ; church of St. Pierre, 534 
Lastringham, Yorkshire ; capital, 390 
Latches ; different sorts, 2262 
Lath ; for tiling. 2801, 2302. Plasterer’s ; 
diff.rent sorts, 2288. la spec., 2287. In 
slaliog, 22105. ^ Quantity per square, 2248, 
2801 


LIO 

Lathing, 2238. To inside of roof, m spec., 2287. 
Wire lathing, 297 W. 

hammer ; tiler’s 1908 Staff; lilePs, i5. 

Xwath laved or plastered and set, 2241 
Latin cro s ; for a plan, p. 1006 
Latomus; a ma>on, 312 
Latterkin ; glazier’s, 2228 
Laughton-rti-le-Mortheo, Yorkshire ; churcH 
towpr, p. 1002 

Launceston, Cornwall ; castp, 898 
Laundry ; in indu^ttrial dwellings, 8019, 8025. 

Fittings, in spec., 228oA 
Lavatio, filgida etcolida ; of the Greek gym- 
nasium, 175 

Lavatories, 2223/. In industrial dwellings, 
3018, 3025 

Lavenham, Suffolk; parochial church, 421. 

Screen, p. 986, Roof mouldings, p. 987 
Laves’s girder, 1630c, 202ld 
Lavofite-Chilhac^ in France ; gates, 2145c 
Layens, Matthew de ; architect, 562 
La\ er Marney, Essex ; hall, 426, 1908a 
La) ers in timber ; as regards strength, 1628'C 
I La^ ing ; in plasterer’s work, 2289 
I Lazzari, Donato. See “ Bramante” 

Lead, 1781 et seq. Specific gravity, &c., 1781. 
N<»t altered by exp^^sure to air and water, 
1782. Cast and milled, 1783, 1784. Danger 
of U'ing water with it, 1785. Marine metal, 
1786. Ncc “ Plumbery.” Strength, 1680r. 
Sheet; thickness of. 2215a. In spec., 2288. 
Weight of, 2216a, 22155. For cramps, in 
spec., 2284d. Old or waste, 2216. Pipes, 
2223p. Traps in pipes, 22185 

colours, 2272d 

covering, 2216 

Leads ured in glazing, 2228, 2229a ' 

Lead w oik ; in glazing, 2227 

to roof; in spec., 2288. Ornamental, 

2217 

Leaf of a lead, 2229a 
Lean-to roofs, 205 2in, 2052/?, 205 2r, 614 
Lear boards, 228r)a 
Leaseholds ; valuation of, p, 1097 
Leases held on lives ; valuation of, p. 1097 
Leau ; church of St. Leonard, 557 
Lebrun, M. ; his analysis of loads and weights 
of an order, 2524. Theory as respects ar- 
cades, 2618, 2619 

Lr^a do Balio ; fortified tower and church, 
603 

Ledgement table*, p. 980 
Lee priory, Kent, 528 

Leicester ; Roman wall, 882. Church of St. 

Martin ; roof, 2062n 
Le Mercier, Jacques; architect, 359 
Leo the Issurian ; destroys statues, 272 
Leon ; cathedral, 688, 689, 20024 
Leou ; in Chinese architecture, described, 100 
Lerfda; cathedral, 588 
Le Roulet ; church, 535 
Lescot, Pierre ; architect, 857, 858 
Letbicium, 2276c 

Letters ; glass, 2281a. On parapets, 442. 

I.<e Yeau, Louis ; architect, 857, 359 
Level ; bricklayer’s, 1890 
Levtr ; properties of, 1265 — 1269 
L verington, Cambridgeshire ; church parch, 
p. 999 

Lias, blue, 1843 

Lichfield, Stafibrdshire ; cathedral, 421. Foun- 
ders aud dimensions, 484. Choir, p. 1000. 
Door to ciia;>ter house, p. 998. Bote course^ 
p. 988 
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Lib 

Li^g« ; cathedral of St. Paul, 557, 660, St. 

Croix, 558. St. Jacques, 560. St. Martinis, 
' ib, St. Barth^eini, «&. St. Jean*en-I«le, 
ib. Episcopal palace, 568 
Lieme ribs ia vaultioff, 2OO2t0 
Lierre ; church of St. Gommaire, 559 
Life ; annuity tables, p. 1126 et seg. Expecta- 
tion of, ib» 

Lift ; worked by hydraulic, gas, steam, and 
hand power, ie228v 
Lifting shutters, 2148a 
Light; cur\‘e for reflection, 1107. Quantity 
of, *2747. In hospitals, 2976« 

— diminution o*, through glass, 2226e 
Lighting ; by gas, 2264 et ieq. Comparison of 
matenalvS, 2264y. In spec., 229d». By ele«> 
tricity 2264/ 

Lightning conductor; 2264A. Cords for, 2260. 

In spec., 22865 
Lights ; leadwork for, 2227 
Ligorio, Pirro ; architect, 845 
Lily ; in decoration, 87 
Lime ; 1840. Varieties of limeftone, 1841 — 
1842. Dorking and Merstbam, 1848. Lias 
formation, 184aa. H 3 'draulic, 1848d. Brown 
' most esteemed, 1844. Meat^ures of, 2308. 
Effect on iron, 1780a. Best, that which 
heats most in slaking, 1848. Use of fresh, 
1849. Forming mortar, 1854 et seq. Ex- 
amined by Snieaton, 1850. 

— — putty joints, 1900a. Water, 1818 
Limehouse, London ; church of St. Anne, 499 
Limestcrne, 1841, 1842. How to analyse 1845. 

Kilns for burning, 1846, 1 847 
Limewhiting, 2278o. In spec., 2287 
.imoges | cathedral, 547 
Lincoln ; earthenware tile pipes found at, 
2228p. Cathedral, 896, 406, 421. Founders 
and dimensions of, 484. Proportion of nave, 
p, 1016. Window, p. 988. East window, 
p, 991. Pui'beck columns, 1681 A. Cloister, 
groined coiling, 202%. Chapter-bouse, 
149955. Castle, 804, 898 
Lincoln's Inn ; new hall andlibraiy, 1666d » 
Lincrusta Walton, 2277A 
Lindisfarne, Durham ; church, 888 
Lindsay & Co.'s fireproof fioor, 1903p 
Line pins ; bricklayer’s 1890 
Linings ; to doors, in spec., 2285c. To damp 
walls, of slate, 

LinlithgoMT • church spire, p. 1002 
Lintel, or beam of stone, &c., 1502o. Strength 
of, 1864i. Of concrete, 1908a:. Methods of 
‘ joggling, 1925 A. To relieve weight over, 
1925/. Of wood, in spec., 2285 ; of stone, 
1925 A 

Lisbon ; capture from the Moor , 600. Cathe- 
dral, 608 

Lisieux ; cathedral, 640* Choroh of St. 
Pierre, ib, 

Lisseweghe ; church, 565 
Listel, or Annulet, 2582 
Little Casterton stone, 1666/7 
Little Maplestead, Essex; round church, p« 
976. Proportion, p. 1016 
Liverpool, Lancashire; cathedral church, p. 

197. Acme svstem of ventilation at public 
* buildings 2278t<. St. George's Hall, 

Vault, 1908ft. Reid's system of ventilation, 
227%. Concert room, lighting, 2264/. 
Docks, 1671 A, 167h* 

Lives ; tables of annuity on, p. 1127 
‘ Living room ; for a poor man, 8014 

» 1 — Pimihrokflahii'e f 418 
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LUnthony, Monmouthshire ; church 998 
Lloyd’s list of timbers, 1728/ 

Load of fir timber, 2844 
Loads and supports in an order ; equality of, 
2524. Principles of proportion for tiic 
orders, 2626 et »cq. In tetrastyl^ hexa^tyle, 
and octastyle temples, 2628. Concortiuncc 
with the laws given by Vitruvius, 26*/9. 
Ancient examples of, 2681. Principles 
applied to points of support, t5. 

Loam ; at ends of timber, 1746. For mould 
ing, 2265c 

Lobes, in Belgium ; destroyed church, 558 
Lobes of circulwr windows, to form, p. 995 
Lobmar, G. von ; master ma^on, 577 
Locher, Lorenz ; architect, p. 1009 
Loches ; castle chapel, 307. Church, 535 
Lock ; different sorts, 2261. Furniture 
2‘261a 

Lock rails of n door, 2130 
Lodge or workshop, 817, 822o 
Logan or locking stones, 25 
Ao^eioi/ ; of the Greek theatre, 172 
Lotnazzo, G. P. ; painter, translation of his 
work, 408 

Lombard ; Gothic, 608. Style, 623 
Lombardi, the ; architects, p. 1018 
Lombards ; overrun Italy, their civilisation 
and works, 280 

London ; commission temp. James I. to prevent 
building on new foundations, 457. Build- 
ing stones used in, 1666c. Bridge, 1671e. 
University college librair, 2192a 

; St. Paul’s old cathedral, 896 ; founders 

and dimensions, 484 ; repaired, 457 ; spire, 
p. 1001. New cathedral, 889, 1499/, 2828 ; 
designs for, 467 ; ruins removed, 468 ; firot 
and last stones laid, 469; description of, 
470 — 474 ; cost. 475 ; dimensions compared 
with St. Peter's, t5. ; size compared with 
three other principal churches of Europe, 
476 ; defect in section in comparison, 477 ; 
points of support and mechanical skill, 
478; its defects and abuses, 479 ; failures in, 
ib, ; fine view of, 2508 ; points of support 
of, 1581 ; timbering of dome, 2049; propor- 
tion 0 ^ p. 1065 ; steps, 1681 ; mosaic work, 
2231A 


— churches; Christ church, Spitalfields, 
499. St. Dunstan’s-in-the-East, 485 ; spire, 
p. 1002. St. George’s, Bioomsbury, 499, St. 
George's, Hanover Square, 499. St, Giles'- 
in-tbe-Fields,5l2. St. James’, Westminster, 
876, 2875. St. John's, Westminster, 498. St. 
Martin’s-in-the-Ficld^ 602; roof of do., 
ot. Luke,?, Old Street, 
Shoreditch, ft5. St 
&t. Mary-lo Strand, 
iOftfa,499. St Stephen 
^ <Hav6, 612. Temple 
ptio^ion of, 1012. Se$ 


2046 ; spire, pw, 
628. St, ' 
Mary-le- 
608. St Mar 
Wa] brook, 488. 
church, p. 1006 ; 
“ Southwark " 



— See under names her^^ 

Londonderry; docks, 167lJ^ 

Longford caatle, Wiltshire ; 440, 452 
Longford hall, Shropshire; 525 
Longleat bouse, Wiltshire; 446 
Long Meg and her daughters ; circle of, la 
Cumb6i‘land, 16 
Looker’s ventilator, 2278o 
Loriot's cement, 1^9A, 1665 
Lorme, De ; iV«e ** Delorme ** 

Lorsob; convent, 288 
Louis, V. i architect^ 2851 
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X.OD 

Louis XI L, kin" of Franoe; ^cqudnted with 
the arts of ltdy, 868 

•— XIV., king ; extravagances of style 
under his reign reprobate^ 2601. Works 
of architects under, 869 
Louth, Lincolnshire ; parochial church, 421. 
Tower, p. 1002 

Louvain ; church of the Dominicans, 667. Of 
the Grand B^guinage, 668. Of St. Pierre, 
669. Hotel <le Ville, 662 
Louvre or Luffer ^rentilators, 2231a. Board- 
ing, in spec., 22856 
Louvres ; Hdtel Lieu, 640 
Lovelace marble, 16814 
Lozenge ; ornament, 897. And pattern slating, 
2210 ^ 

Lubeck ; cathedral, north porch, p. 999 
Lucarne windows, 660 
Lucca ; cathedral, 616. Houses, 614 
Lucchino da Milano ; architect, 623 
Ludlow, Shropshire ; castle, 394, 898. Paro- 
chial church, 408, 421 
Luedinghausen ; church, 588 
LufFer. See Louvre boarding ’* 

Lugo ; cathedral, 687 
Luilingstone, Kent ; design for, 440 
Luna, Francisco de ; architect, 698 
Lunettes, 1956 

Lunghi, Onorio ; architect, 812 
Ltipiana; Hieronymite monasteiy of San 
Bartolomd, 692, 696 
Luxor; temple at, 81 

Luzarche, Robert de ; master mason at 
Amiens, 803a, 542, p. 1069 
'Lynn, Norfolk ; church of St Nicholas j door- 
way, p. 998 

Lyon ; cathedral, 540 ; Bourbon chapel therein, 
647. Church of St. Nizier, 645 
Lysicrates ; choragic monument of, 163 
Lyveden, Northamptonshire ; design for 
house, 440 


M acadam ; for paving, 1672 

Machinery; in joiners’ trade, 2121a 
Machuca, Pedro ; architect, 868 
McKinnel ventilator, 22789 
Macleod's metallic concrete, 1905o 
Maderno, Carlo ; architect, 886, 838, 341 
Madiid ; palace, 868, 871 
Madurah ; choultry or inn, and temple, 61 
Maess, Heinrich ; architect, 577 
Maestricht ; church of St Servais, 560 
Hagdebu^ ; cathedral apse, p. 1007 
Magister (^rum, 819 
Maglione, Ferrante ; architect, 618 
'Magnetic oxide of iron paint, 2278^ 

Mahadeo ; temple at Eilora, 56^ 

Mahogany, 1727 et seq. Spanish, ib. Hon- 
’ duras, 1727a, 1749a. African, 1727rf. Doors, 
in spec., 2285/ 

Maidstone, Kent ; parish church, 408, 421 
Mainz, J. von ; arcoiteot, 577 
Maitani, L, ; architect, 615 
,Maline8, 564. Cathedral, 557. Church of 
Notre Dame, ib^ 659 

Malleable iron, 1762, 1764 et eeq» Cast iron, 
2265i 

MftUet; mason’s, 1909. Plumber’s, 2212 
Mallett’s buckled iron plates, 1908/ 

Malm or ikmrl stock, 1820, 1821 
Malmeebarr, Wiltshire x abbey church, porch, 
p. 998. Masons’ marks, 8226 
"Man*, nower. 1842 


MA8 

Manchester, Lancashire ; (Xillege, 421. Ca- 
thedral, dates, and founders, 484 
Manchester grate, 2279<f 
Manders’s distemper, 22746. Stains, 227>|/ 
Manger ; in spec., 22856 
Manorial houses ; of timber, 489 
Manresa ; collegiate church of Sta Maria do 
la Seo, 586, 504 Sta Maria del Carmen, < 6 . 
Mans ; church of St. Julien, 640 
Mansard, Jules Hardouin ; nrohitect, 869 
Mansard roof ; described, 2085 
Mansdaele, A. D. and K. van ; architects, 
668 

Mansfleld Woodhouse stone, 1666fJ^ 1 G 66 & 
Red Mansfield, analysis, 1 666, 1666z 
Mansion house, London, 528 
Mansions ; of the 'Fudor age, 429 
Mantua ; church of Sta Maria della Grazie^ 
near, 624 

Marble, 1 678 et teq. External characters and 
constituent parts, 1674. Burnt into quiclC- 
lime, 1675. Different varieties, modem, 
1676 et eeq. For Ancient marbles, »ee 
Glossary. Weights, 16B8d. Crushing 
weight, 1600, 1602p. White Marble at 
Milan, 621. Hopton Wood stone, 1666». 
Use of, 2002 aa et eeq* Mouldings for marble 
work, 2002 // 

— chimney-piece ; in spec., 2284d 

mantles and beams, I 6 O 29 

paper ; in spec., 2291 

tar pavement, 1908d 

arch, London, 16776 

hill, Twickenham, Middlesex, 608 

Marbling, 2276a 

Marburg, church of St. Elizabeth, 566, 567 j 
apse of, p. 1007. Church, 667 
Marcellus ; theatre at Rome, 226, 258 
Marchione of Arezzo ; architect, 618 
Marco da Campioce ; architect, 619 

da Frisone ; architect, 619 

Marezzo imitation marble, 2250m 
Margara abbey, Glamorgaosbire ; bands to 
shafts, p, 989 

Margaritone, of Arezzo ; architect, 618 

Margary’s patent for preparing timber, 1758* 

Margins of the xystus, 175 

Marigold window, p. 998 

Marl stocks, 1820, 1821 

Maiiborougn grate, 2279d 

Marlborougii Bouse, London, 1683 

Marmorarius, 812 

Marquetry, 2178^ 

Mars Ultor ; temple at Rome, 210 
Marseilles ; church of St. Victor, 540^ 545 
Marsh, — ; architect, 466 
Martinelli, Domenico ; architect, 865 
Martinez, Alfonso ; architect, 595 

Diego I architect, 598 

Martin's cement, 1866. Use of, 22516, 2251<L 
In spec., 2287 

Mason, 812 et eeq. In spec., 2284 
Masonry, 1909 et eeq. Tools used in, 1909, 
1910. Scientific operations of stone-cutting, 
1980 et ee^. Dome vaulting, 1956 et eeq. 

— — at Amiens, after Roman models p. 1060 
Masons* marks on stone, 816, 822 
Mason’s work ; in spec., 2284. Hew mea- 
sured, 2871 

Masques ; bv Inigo Jones, 460 
Mass and void ; measurement p. 1040 
Masses ; proportioning of, p. 942 
Master mason, 812, 817 et eeq.. p, 100 

— ef the works, 818> 819 . ^ 
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NowcastlO'npun-Tyne, Northumberland; pa- 
rochial church of St. Nicholas, 486 ; tower, 
p. 1002 . Cathedral church, p. 197. Castle, 
894. 898 

Newel of stone stairs ; open and solid, 1926. 

Of wood, in spec., 22Sod 
Newgate prison, London, 52J 
Newman system of iron drains, 1 888/1 
Newton’s process for preserving stone, lG67m 
Nice ; amphitheatre, 228 
Niche ; in brickwork, 1905. In joinery, 2197. 

In carpentry, 2066, 2067 
Niches, 2778 et 9eq. Not found in early Greek 
works, 2774. At the Maison Carrde, and 
other places, 2775. Their decorations, 2776. 
Kules for proportioning, 2777. I iers of, in 
stories, 2778. Chambers’s rules for, 2779. 
Depth of, 2780. Examples of, 2781—2787 
Nidging ; in masonry, 1916 
Nienburg an der SaaJe ; ctiurch, 667 
Niesenberger, Johann ; architect, 579 
Nilometer ; in Egypt, 91 
Nimroud ; drains, 804 
Nineveh, 44, 61a 

Nismes ; amphitheatre, 228, 288. Maison 
Carrde, 211 , p. 968. Niches in, 2776 
Nitrification, 1667c, 1667m 
- -Noerdlingen ; church of St. George, 680 
Noirlac : church, 684 

Nomenclature ; of Gc thic mouldings, p. 970. 
Of dassic mouldings, 2582 

of Gothic architecture ; English^ p. 967. 

French, 586. Belgian, 653. German, 565 

in vaulting, 1499o 

Non- compressibility of water, 2228ic 
Non-conducting felt, 2210 d 
Nonsuch, Surrey ; palace, 426 
Norba ; Cyclopean remains, 82 
Norfolk latch, 2262 
Norman, Juan ; architect, 695 
Norman and Saxon styles ; difference between 
them, 897 

— architecture, 888 , 892 et seq. Character- 
istics of, 897. in Eugland, p. 967. Exam- 
ples of, 898. Cathedrals, 896. Churches, 
290. Columns, 897. Arches, 16 . Arches of 
entrance, ib. Windows, ib,i p, 988. Ceil- 
ings, 897. Walls, i 6 . Ornaments, t 6 . Plans, 
Mouldings, 897, p. 971, p. 972. Piers, 
p. 976. Capitals, p, 977. Base, p. 979. 
Bibs, p. 980. Hood moulds, p. 981. Plinths, 

' p. 982. Parapet;, ^ 988. Doorways, p. 997. 

Porches, p. 998. Toweiti, p. J 000 
— — bishops, and their works, 896 
— work, system of proMrtion, p. 3017. 

Mahner of building, p. 1 028 
Normandy ; spires of, p. 1005 
Norrey church f spire, p. 996 
Ntnihampton; parochial church of St Peter, 
898. Round church, p. J006 
North Anston stone, i 666 d, 1667ie 
North Pethertpn, Somersetshire $ church 
tower, p. 1002 

North Walsham church, Norfolk ; root 2062p 
Northfieet chuvofa, Kent ; roof, 2062o. ^reeu, 
p. 986 

Noithumberlaiid hous& Strand, 442 
Komregiaii 172^. Used in houses at 

Antwerp ^ Ypres, 664 
Notwkih, Norfi^lk ; cathedral, 898, 42 L 
Fomiders tod dimensions, 484.. Spire, p, 
1091. Chnrchdf St Margaret, 421. (npt, 
gter 1^0^ 408, 421, Tower, p. 1602t 


Norwich stove, 2279d 
Nosing of stairs, 2180, In dilapidations, 
1096 

Notation, 2297a 

Notices ; to gi\ e. in spec., 22806 
Notre Dame de I’Epine ; church, 547 
Notre Dame le Puy ; churches of St MaiLin- 
and St. Giles ; doors, 2145/* 

Nottingham ; castle, 428. County hall and 
prison, 626 

Noyon ; cathedral, 684, 545. Hotel de Villa, 
550 

Nubia ; temples and remains of, 92 
Numbers ; use of, in proportion, p. lOOSetseg., 
p. 1015. At Colo^e, p. 1011 
Nuremberg ; church in cai*tle, p. 1018. Church 
of St Lawrence, 579, 680. St. Mary, 672, 
St. Sebald, two apsides, p. 1007 
Nymphiea Lotus, or water lily ; source of 
Egyptian ornament, 87 
Nymphseum, 214, 2775 


O AK timber, 1085 ; cutting, 2125a. Fenc- 
ing, in spec., 22856 
Oare, Jotto; architect, 603 
Obelisk ; of grey granite, 167 li. See Glos- 
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Obidos ; castle, 608 
Obscured sheet glass, 1872d 
Obscurity of Statues, 558 
Observatory at Paris, 869. See Glossary 
Octagon ; to form, 1016 
Octastyle temples, 2628 et ieq»y p. 947, p. 964- 
Odilo, abbot ; cathedral at Chartres, 289 
Odivellas ; Cistercian nunnery, 608 
Odoacer ; annihilation of the arts on in^’a8ioa 
of, 276—278 

(Ecus ; of a Roman house, 252. Several 
species of, i6. That called Cyzicene, ib. 
(Eillet holes ; at Caernarvon castle, 402 
Ogee; moulding, p. 978, 2129. Arches, to 
draw, 1948d et eeq. Arch in Venice, 610 
O^ive ; its derivation, 588 
Ous; in painting, 2271a et sea, Deterioratic;i 
of, 2271c 

Olite ; church of S. Pedro, 689 
Oliva ; nave and refectory, 588 
Olotzaga, Juan de ; architect, 867, 591 
Olympia ; temple of Jupiter, 141 
Omodeo, Giovanni Antonio ; architect 866, 
620 

Onyx inarbl ^20 02^ 

Open fires, mto 

Mcdis^loofs, 2052d, min 

work spires, p. 1006 

Opera house, at Buda-Peath, 2971t See 
^Theatre*’ 


Opero Francigeno. 569 
Oporto 4 cathedral, 600, San Francisco, 601 
Oppenheim; church of St. Catherine, 822, 
567, 569. Choir, p. 1006 
Opus Greoanicum, >2281e 
Oroagpa, Andrea t architect, 828 - 
Orchestra^ of a Roman th^tre, 296. Of a 
Greek weatre, 172 
Orchomenoa; treasury at, 87 
Order. -Sea "Tuscan,” ‘♦-Doric," &c. 

— — of an arph and mouldhiga, 1922o, p. 971, 
p. 974, p. 990 ^ 

Oidera ; character of the^Werent, 2586 ef 
m.q, Doric, Ionic, and Corinthian. 2689r 
Sir Henry Wotton’s deacription m them. 
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fablatures, height of, in, 2642. Mode of 
measuring them, 2560. Application of, 
2562 

Orders of architecture, 2523 et seq. Consist of 
essential and subservient parts, 2628. Are 
five in number, ib. Mode of profiling an 
order, ib, Lebrun’s analysis of loads and 
supports in an order, 2624. Principles of 
proportion as to loads and supports, 2625 
et seq, Systyle intercolumniation produced 
by such principles, 2627. Principles of load 
and supports cairied into tetrastyle, hexa- 
style, and octastyle temples, 2528 et seq. 
Concordance thereof with the laws given bv 
Vitruvius, 2629. Ancient examples of dif- 
ferent orders in verification of the theory, 
2531. Principles applied to points of sup 
port, a, Tuscan, 2653. Doric, 2660. lonif, 
2573. Corinthian, 2582. Con ip' site, 2591 
Orders above orders, 2642 et seq. Vitru- 
vius thereon, 264.3. Scamozzi’s rule, 2644. 
Laws of solidity respecting, 2645. Axes 
of upper and lower column^, how placed, 
2646. Disposition of, according to Cham- 
ber-, 26‘1 7 et seq. Doric above Tuscan, 2648, 
Ionic above Doric, 2649. Corinthian above 
Ionic, 26.'^, 0. Composite above Corinthian, 
2661. Eligible intercolumniations, 2652 
Orford castle, Suflblk, 398 
Orgagna, Andrea ; architect, 827 
Oriel window, 415 

Orleans ; cathedral, 549, Clinrch of Notre 
Dame de bonnes nouvelles, 289 
Orme, Philibert de L’ ; architect. See “ De- 
lorme ” 

Ornament ; a non-essential in architecture, 
2486. Gothic, p. 995. Drawing of, 2883c 
Ornamental wrought iron work, 22556 et seq. 
Ornamented English architecture, 409 et seq. 
Characteristfcs of, in arches, columns, win- 
dows, roofs, or ceilings, and ornaments, 420 
Ornaments of mouldings; how to arrange, 
2686. How to be cut, 2686. Degi ee of relief 
thev should have, 2637, Of the Grecian 
edifices suitable to their destination, 164. 
In stone, in spec., 22846 
Orsenigo, Mroone da ; architect, 6 19 
Orthographia ; of Vitruvius, p. 1013 
Orvieto ; cathedral, 616 
Osmaston manor, Derby ; warming and venti- 
lating, 2279c 

Osterley house, Middlesex, 446. 447 
Ostiarius ; of a Roman house, 246 
Os 3 rmandyas ; tomb of, 86 
Otricoli ; amphitheatre, 226 
Ouguet, David ; architect, 604, 606 
Oundle, Northamptonshire ; church window, 
p. 988 

Ourem ; castle, 603 ‘ 

Ourscanip ; church, 640 
Out of winding, 2128 

Outline ; the fundamental principle of draw- 
ing, 2382 

Outside linings ; of a sash frame, 2147. Stiles 
of a door, 2iB0 

,Oven; how measured, 2814. Of brick or 
iron, in spec., 22826 
Overseer, 812, U9 

Ovolo, 2129. Echinus or quarter round, 
2582 

Oxford ; Christ C|t«rpb cath. Chapter-house, 
460. Foundma and dimensions, 484. Win- 
dow, p. 989. Church of ^ Aldate, p. 1004. 
Of Mary, 421. OC^t, Peter, 898. JT “ 


im 
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Odlege Chapel, 1377. Worcester College 
Library, 490. St. John’s College, 466, 
16816 Peckwater quadrangle, at Christ- 
church, 490. Magdalen College Chapel, 
421, p. 1014. All Souls’ College, 499, p. 
1014. Castle, 894, 898. Palace, 428. 
Public schools, 444 

Oxidation of metal. See " Corrosion ” 

Oxide of iron paint, 22786 


P ACE, convent della ; at Rome, 886 
Packing? in masorry, 1921 
Packington, VVarwickshire ; church, 625 
Padua ; church of San Antonio, 285, 613. Sta 
Marin dell* Areno, 616 

Padua, John of? architect, 319 ; and his fol- 
lowers, 425 

Paestum ; hypsethral temple, J49 
Page, Sir Gregorv ; house at Blackheatlt, 
606 

Pagodas, or Chinese towere ; that of Nankin, 
105. That of Honang, at Canton, 104 
Paine, James ; architect, 514 
Paint ; varieties of, 2278 et sea Effect of, on 
wood, 1747. To remove old, 2270. Fire- 
proof, 2273; 

Painted glass, 22816 

Painter’s ; tools, 2268. Work, in spec., 2 v90. 
Estimating, 2879 

Painting, 22()7 et seq. Iron work, ITSOa, 
Stonevvork 16671. On cement, 2278/t 

and sculpture ; intimately connected 

with architecture, 68. Much used in Orna- 
mented English architecture, 412. In 
Egyptian architecture, 86. On walU, as 
decorations, 2610, 2522 
Palace? at Westminster, 428. At Oxford, 
f6. At Woodstock, *6. At Kenny Dgtnn,i6, 
Palaestra ; of the Greek gymnasium, 176 
Palamt ino marble, 2002cc 
Palatial houses ; list of Elizabethau, 446 
Paleing or soldering, 2223/ 

Palencia ; casa del Ayuntamiento, 696 
Palermo ; cathedral,' 819. Walls at San 
Giuseppe, 1586. At San Domioico, ib. 
Houses at, 626. Sta Maria deliaC^atena, ib, 
Palazzo Keale, door, 2145c 
Paley, F. A. ; writer on mouldings, p. 969 
Paling, park ; in specn 22356 
Palladian school of architecture^ 464 
Palladio. Andrea ; architect, 862—8^4. Win- 
dows by, 2761, 2766, 2766’. Theittre, 2948. 
Palm-tree leaf ; in Eg.^tian ornament, 87 
Palma ; church of the Dominicans, 686 ^ 

Palmyra ; extraordinary structures, 196# 197. 
Niches, 2775 

Pamplona ? cathedral, 694 
Pandoo Koolies ; ofHindostan, 12 
Panel; of a door, 2130, 21466. Of slate, 221\q 
Paneling; tipiberfor, 172^, 2 1 25c I 

Pantheon ; at Rome, 215, 216,262, 2547, 1499a, 
1499p. p. 964. LiffMed from a verv small 
apertnre, 2747. Niches. 2776, 277§, 2787, 
Capitals, p, 966, p. 957, Proportion, p, 1021. 

p, 1066 

of the Esenrial ; the sepulchres of the 

kings of Spain, 871. See Paris ” 

— ^ tneSire ; in Oxfor4 Street, 627, 2089 
Pantiles, 1838. "Gauge, 1906, 1907, 19074. 
Table of the immbu require ^^^r a givtHi 
quantity of urork, 2821 
Pakiling, 2802 

Panton, Mr. ; a honed Oi^aign^ w, 440 
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Papantla; prramid of, 113 
PaperhaitgerB paste, 2277o. Work, in cpec., 
2291. Estimating, 2380 
Paperhanging, 2277c 
Papier-mftcbe, 2251 ; in spec., 2287 
Papworth, J, W. ; on domes, 149^0. On Milan 
cathedral, p. 1008 

Parabola, 1096 — 1109. Curve, many uses of, 
in architecture, 1107 

Parapets; in spec., 2282a. Gothic, p. 983 
et seq 

Parascenium of the Greek theatre, 172 
Parastate, 2671 

Parget, 19065. To face work, 2246a. To 
chimney, in spec., 2282a 
Parian ; cement, 18^6. Use of, 22BJfet seq. 
In spec., 2287a. Polished, 2261 i. Marble, 
1676 


Parigi, Alfonso and Giulio ; architects, 831 
Pariquadrato proportion, p. 1018 
Paris ; cathedral, 639, 641, 670 ; doorway, 639; 
apse, p. 1007. Ste.Chapelle,540. Decoration 
copied at Cokgne, 667. Church of St. 
Eustache, 549. St. Etienne du Mont, 549, 
2002x. St. Sulpice, 862. St. Gendvi^ve, 
or the Panth(?on, 289, 861, 476, 477, p. 1048 ; 
dome, 1499m ; points of support, 1581. St. 
Germain des Prw, 289 ; shafts, p. 1028. St. 
Germain I’Auxerrois, 647 
— ; abbey of St. Antoine ; near, 310 
— — — ; street architecture, 864. Houses in Rue 
de la Victoire, easement ki, 2165/. Fau- 
bourg St. Germain, 440 
- — ; Napoleon column, 2603. Hospitals, 
2278Zf ^74. Invalid68,1581. The Louvre, 
facade of, 869, 2618 ; windows, 2760. Ob- 
servatory, 859. Garde-meuble and mint 860. 
Th42ttre du Chatelet, mode of lighting, 
2264/ Theatres Italien and Fran^ais, 2958. 
New Opera house, 2972. Halle aux bleds, 
2051 


Park Nook stone ; analysis, 1666 
Park Spring stone, 1667w 
Parker’s cement. See “ Rcnnan cement 
Parliament hinges, 2258a 
Parma; theatre, 2948, 2968 
Parocona ; temple at Ellora, 56 
Parquetry, 2173«. In spec., 22855 
Partnenon. See ** Minerva, temple to ” 
Parting bead of a sash fi'ame, 2147, Strip in 
a sash frame, 2165 

Partitions; in carpentry*’, 2024, 2025. How 
measured, 2886. Weight of, 16285. Brick- 
nog, 1902 ; in spec., 22825. Half brick, 
1902a. Stone slab, id. Tiles, f5. Hollow 
brick, 19025. Glazed, 2231. Quartered, 
in sp^., 2285a. Timber for, 1729f. Of 
deal, in spec., 22865. Gaspipes should 
he endloSf^ in, 22645 
Pfurts of ad order, 2528 
Parvise over porch, p. 998 et seq, 

P«4^, Gel. } ew domes, 1499/ 

Paste for panniuingpra, 2278^ 

Pateley Bridge 1666a: 

Patent axe ; mason’s tool, 19155, l9l5o . 

^ plate glass, 11(725, 1878. « Bough plate 
glass, 1878. Slating, 22105 
Paths, in spec., 2281 

Patrixboume, (fat ; circular -irindow in 
church, p. 998 
Pattera-makiitf, 226^ 

Pavements, 1666/, 1908o. Ornamental, 18895, 
1908c. Inr — » 


Pavia ; church of the Certosa, 619 ; terra* 
cotta, 1908/. Church of St Michael, 
280 

Paving, 1906c et eeq. How measured, 2800^ 
2372. Granite, 1671c, 1672. Brick, 1827, 
18815. In spec., 22825. Tile, I8d9a et seq. 
In spec., 22825. With cements, 2251m. 
Making good, in spec., 2284c. Black and 
white marble, 2002^. Tar, 19055 
Pavodilos floor, 21785 
Pavonazzetto marble, 200255, 200^ 

Paxton, Sir Joseph, p. 1068 
Pay-leou, or triumphal arches of the Chinese, 
107 

Payne’s patent for preparing timber, 1762 
Peabody dwellings, Commercial Street, 8014 ; 
described, 8024 et seq. 

Peace, temple of ; at Koine, 217, 2547, 2775. 

See “ Constantine, basilica of ” 

Peckings, 1828 

Pede, Henry van ; architect, 562, 563 
Pedestals, 2699 ei seq. Table showing their 
heights, ancient and modern, 2601. Parts 
2602. Dies 2603. Employment of, 2604 
Pedinent; origin of, 136. Observaliou bv 
Cicero on, i5. Inclination, Roman, 269. Of 
varied forms, 2716. How they should be 
used, 2717, 2718. Vitruvius’s rule respect- 
ing, 2719. Different sizes in same facade to 
be avoided, 2720. Mode of connecting the 
horizontal and raking parts, 2721. Heights 
of ; how regulated, 2722. Face of tympa- 
num ; how disposed, 2723. Working of ; 
in spec., 22845. 

Peel ; cathedral, 1681 
Pegmata ; of the amphitheatre, 230 
Pekin, palace, 108 
Pelasgic buildings, 27 
Pelican Office, Lombard Street, 516 
Pellegrini, Pellegrino ; architect, 621 
Pellet ornament, 397 
Pembroke ; Philip, earl of, 461 
Penaria ; of a Roman house, 268 
Pendentives, 2090. Conical, for covers to 
ceilings of square rooms 2091. To And 
springing lines, 2092. Method of coving a 
square room with spherical, 2093. To And 
intersections of ribs in, 2094. In dome 
stone vaulting, 1999 et eeq., 2002u, 2002zr. 
At Caudebec, p. 1053. In towers, p. 1008, 
p. 1004. In carpentry, 2090 et seq. 
Penetration of mouldings, 578, p. 974 
Pennethorne, James ; architect, 620, 1666(f 
Penrose, F. C. ; architect, on proportion, p 
1016 . ^ 

Penshurst house, Kent, 411 
Pentagon form, p. 1086 
Pentagonal church, 572 
Pentalpba form, p. 1036 
Pentelic marble, 1676 
Penthouse roofs ; in Italy, 614 
Peon or poon wo^, 1728a 
Perch, a measure of length ; used in setting 
out a building, p. 1057, p. 1058 
Perforated glass, 1879. Ventilator, 2281a« 
8087. Zinc, 2224/ 

Perp;ula ; of a Roman house, 258 
Penetot'; archileoture of Qmoe under, 141 
Peridromedes ; of a Greek gtmnasittm, 175 
PdrigUeax ; churah of St Front 807 1 and St 
EHenne de la CitJ, 585 
Periods of Gothic ar^itectore, p. 987 
Perlsiylium; ofeCh^gymmuaviTI* Of 
a Roman houses 245| 252| 268 
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Perkins' system of heating by hot water, 
2279i 

Pernes ; church, 307 

Perpendicular period of Gothic architecture 
in England, p. 937. Work, proportion in, 
p. 1017. Moulding, p. 978. Piers, p. 977. 
Capitals, p. 978. Bases, p. 979. Bios, p. 
980. Hood moulds, p. 982. Plinths, p. 982. 
Parapet, p. 983. Wood mouldings, p, 986. 
Windows, p. 990. Window jambs, p. 992. 
Doomays, p. 997. Porches, p. 999. Towers, 

p. 1002 

Perpignan ; cathedral, 546. Church, 586 
Perrault, Claude ; architect, 869, 860 
Persepolis, or ruins of Chel-Minar, 46 — 49. 
Architectural details compared with those j 
of Egypt and Persia, 60 
Persia ; present architecture of, 5t 
Persians, 2682, 2684 
Persienne blinds, 2165/ 

Perspective, 2405 tt seq. Temp, 1666, 440 
Perugia ; Madonna di Monte Luce, 624. San 
Ercolano, 616, Sta Giuliana, i6. 

Pestagalli, P.; aichitect, 620 
Petcliorsky ; convent of, at Kiev, 875 
Peterborough, Northamptonshire; cathtdral, 
896, 898. Founders and dimensions, 434. 
Spire of staircase, p. 1006. Apse, p. 1007. 
Lantern, groined ceiling, 2028y 
Petersburg deal?, &c. 1729c. See ** St. Peters- 
burg ” 

Peter fcham house, for Lord Harrington, 610 

Petra ; ruins of, 3 

Petworth marble, iGGrfe, 168 ly 

Pevensoy castle, Sussex, 891 

Pew hinges, 22686 

Pewing, 944, In spec., 2285A 

Philip of Macedon ; portico of, in Delos, 151 

Phillip’s rolled iron girder, 1621/ 

Phoenician architecture, 9, 64 
Phygalia ; temple, p. 948, p. 945 
Pickart, Jan ; architect, 558 
Picked, to granite, 1915c 
Piece ; of paper, 2278 
Pied du roi ; a measure of length, p. 1057 
Pier ; on a column, 1925ci. Gates and piers, 
2734. Rules for finding proper stability, 
1568—1582. To windows, 2754. Of medi- 
leval buildings, p. 9*^5 et seq. Circular, 
p. 1028. At Amiens cathedral, p. 1061. 
Canterbl.iy cathedral, p, 1040. St. Ouen, 
at Rouen, i^. St. George’s chapel, Wind- 
sor. p. 1061. Henry VIl.’s chapel, ji. 1054. 

In basement, in spec., 2282a. See ** rillara ” 
Pierced bricks, 1881/ 

Pierrefonds ; ^urch of St Etienne, 584 
Fig ; of iron, 1765. Of lead, 1782 
Pilaster, i 671 et seq. At TYeri, 2672. Pro- 
jection of, 2678. When used with columns, 
2674. Pilaster capitals, 2675, 2677 et sen. 
Supposed to represent columns, 2H76. To 
be avoided at inward angles, 2680. En- 
gaged, 2615. Stone, in spec., 2284a. Of 
wc^, in spec., 2285a 
Piles, how measured, 1^31 
Pillar or column ; centre, 1500 
Pillars, eee ** Beams and Pillars.” Of inaterials 
in testing, 1802e, Compression of, ISHQy 
et teq. Oarrying up, 1923. In a church, 
mode of strengthening, 557. Of Westmin* 
Bter Abbey, p. 968 ; bands of shafts, p. 969. 
See ** Piers 

PitiacotheoAf of u Roman bouse, 252, 258 
Pine wood, 1712 


Pinnacles ; ordination of, p. 1008. Mode of 
setting out, p. 1019 
Pins, keys, and wedges, 1031 k 
P intelli, Baccio ; architect, 612 
Pipe casings ; in spec., 2285/i 
Pipe trap ; cast lead, 22185 
Piper, — ; architect, 588 
Pipes for drains, 1888a et $eq. Of earthen- 
ware, 2223p. Of stone, i5. Of iron, 2228a. 
Of gutta-percha, 2228r, 22645. Of leaa, 
manufacture, 22235 Of lead, in spec., 
2288. Weight of, 2228h 

for gas, 2264 a et teq, 

main service and supply, 222^, 2228a 

hot water ; for heating, 22/^. Ex- 
pansion of, t5. Quantity lor a building)^ 
2279 m 

Pirua ; church, 563 

Pisa; Duomo, 286, p. 1042. Baptistery, 291, 
292, p. 1087. feta Catering, 618. San 
Francesco, ih, San Martino, 616. House, 
614. Cam {)0 Santo, 29 1, 293. Campanile, 
t5. Casement adopted there, 21G5c 
Pisano, Niccolo; architect, 618 
Piscina ; of the Roman baths, 235 
Pibb work, 190355 

I Pistoia ; San Salvatore, 618. San Domenico, 

I t5. San Francesco, i5., 616. La Quarquonia, 
614. Baptistery of San Giovanni Rotuudo, 

6 16. Palazzo della comunitk, 618. Paluzzu ‘ 
pretorio, ib. 

Pit sand, 1851, 18525 

Pitch or slope of a roof, 1906, 20405, 2052» 
Pitching; for paving, 1672. Piece in stairs, 
206 

Place brick, 1817, 1828 
Placentia palace, at Greenwich, 428 
Plain tiles, 1835. Table of the number re- 
quired for a given quantity of work, 2301, 
2821. Gauge, 1906. Setting in mortar, 
and dry, t5. 

Plan, 2490a. Distribution of, 2489 
Plaxm trigonometry, 1088 — 1055 
Planes, iu geometiy, 969 — 978 

, in carpentry ; Jack, trying, long, jointer, 

smoothing, 2102 ; compass, forkstaff, 
straight block, 2103 ; rebate, moving, fillis- 
ter, sash fillister, plough, 2104 ; mouldings 
2105; bead, and snipe bill, 2106 
Planing machin**, 2124a, 2124a 
Plank, 1710. How measured, 2881 
Planking ; to doors, 2145a 
Planted work ; in Gothic joineiy, 2175a 
Plasencia ; cathedral, 596. Parochial church 
p. 1019 

PUuiter ; adhesive power of, 1494. Fireproof, 
22465. Fibrous plaster slab, 22465. Slate 
grotmd for, 2246d. Quantity to cover a 
surface, 2248. New invention^ 2f50a et, 
seq, 

of Paria, 1866a. Used in walling, 2249a 

Plasterer’s work ; in spec., 2287« Estfoathig. 

2876. , Work, in Publfei, 

Plastering, 2282 et eeq. Quantitv of different 
materifUs in a given number of yards, 2248. 
Porous, 8081 

Plate girder, 1629a et seq.^ 1629n 

glass, 1870a, 18725. 1875s Patent, 16725. 

Bough, 1877 > 

iwn, 1764/ Strength of, 1680r, 16809* 

Weight per mt, ^54 


Weight per mot, 2254 

rack; in Spec,, 228fa 

tracery, p, 989. m 9ft 

— , wall, in spec./228la 
r a 
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Plateresqtie of Spain, 599 
Plates of metal to doors, 2145c 
Plaj'-groond in industrial dwellings, 8021 
.Plenum system of ventilation, 22785 
^•t^lintbs, p. 977. And base mouldings; in 
\jfijipec., 2284a, 22846. Gothic, p. 982 et seq, 
roughed and tongued, 2171 
Plugging with lead, in fpec., 2284a et eeq. 
Plumb i^e, 1890 
Plumber and his boy, 818, 819 
Plumber’s work ; in spec., 2288. Estimating, 
2377. Weighed and fixed, 2215 
Plumbery, 2212 et stq. 

Plymouth ; naval hospital, 1670 
Podium ; of an amphitheatre, 228 
Point or division, 19486 
; mason’s, 1910 

Pointed arch ; theories respecting, 294 et seq. 
Rev. Mr. Whittington’s and Sir Cliris- 
topher Wren’s opinions, 800. Ancients 
acquainted with, i6. Countries in which it 
appeared, 801. Prevailed in the East, ib. 
Its origin probably there, ib, Mbller’s 
opinions of, 802. Appearance immediately 
after first crusade, ib, Mr. Kerrich’s 
opinion of origin, ib. Difference of writers’ 
opinions, 808. Michelet’s opinion, 80oa. 
J. Fergiisson’s, 804 et aeq. Combated by 
E. Sharp, 8076. Ignored in Italy, ib. 

— in England, 897, 400. In Italy, 818. 

In France, 686. In Venice, 610 
vaulting, 1499« 

or C^btian architecture, 630 et aeq,^ 

p. 964 In Spain, 684. In Portugal, 

600. In ifaly, 608. In Sicily, 626. Pro- 
portion, p. 1023 

Points of support, 1668, 1581—1683, 2631. 
Table of, in principal bmldings of Europe, 
1583. Table of, in Gothic buildings, 1588o. 
Of apartments, 2848 et aeq. 

Poitiers; Notre Dame, 684. Masons* marks, 
8226 

Pojana ; villa, comice, 2726 
Pola ; amphitlieatre, 228. Arch of Soriisiilllk 
p. 961 •TIT 

Pole plate, 2085, 2085a 
Poliphilus, Hypnen)tomachia ; acclBp of the 
work, 826, p. 958. See ** C^onna 
Polishing marble, 2002nn 
PoUeyt, Eustache; architect, 662, 2890c 
Polychromatic architecture, 171, 2611—2614 
Polygonal figures ; used with the triangle, 
p. 1017. With the square, ib , p. 1018. Sub- 
divisions in tracery, p. 996 
Polygons ; table of, 1219 
Polytechnic Institution, 1786. Ventilation at, 
2278/ 

Pompeii ; forum, 212. Theatre, 1227. House 
of Pansn, 268 

Ponte, Giovanni da ; architect, 856 
Pontigny ; abbey church, 602 
Poole, Sir George St. ; house for, 440 
Poon wood, 1728d 

Pope, Alexander, poet ; his ignoranoe of art, 
491,507 ' 

Poplar, 1718 
Porch house, p. 999 

; not known in lUly^ ”609. Gothic, p. 

998 et aeq, 

Pnrchester, Hampsire ; castle, 801, 894, 898. 

Castle hall, porch, p. 999 
Porosity of stones, mif. 1667ic. Of materials, 
8029 

Porta, Jacopo della | architect, 886 


Porta Santa marble, 200266 
Port crayon ; its uses in drawing and in 
comparing proportions, 2891 et aeq. As 
applied to the whole figure, 2893 
Portcullis ; of a castle, 894 
Portico ; of Septimius, 2647. Of Philip of 
Maoedon, 161. Doric, at Athens, p. 944. 
Brick, in spec., 22826. Columns of, 22826. 
Stone, in spec., 22846. To admit carriages, 
earliest, 626 

proportion of Doric, tetrastyle, p. 943, 

Hexostyle, p. 944. Octostyle, p. 947. Ro- 
man tetrastyle, p. 953. Hexastyle, ib, 
Octastyle, p. 954. Ionic tetrastyle, p. 962. 
Ionic hexastyle, ib. Those ot the Par- 
thenon and Pantheon contrasted, p. 955. 
Porticus ; of the Greek gymnasium, 175. Of 
the Rom an house, 244, *263 
Portland cement, 1864a et aeq. Use of, 2251^ 
22516 In spec., 2287a. Concrete, 1862<i 
Safe dead, 1864e 

Portland stone ; its qualities, 1666/, lGG7ic. 
Strength, 1667n. Crushing weight, 1602a, 
16026, 1502^. In lintels, 1602/?. Analysis, 
1666 

Port Philip granite, 1672a 
Portsmouth ; docks, 1673e 
Portugal ; architecture of, 867 et aeq. Pointed 
arcfttecture of, 600 

Post office, London ; ventilation, 22786 
Posts in warehouses ; in spec., 22866 
Pot metal glass, 22816 
Potash ; to soften putty and paint, 2226a 
Potossi, J. ; architect, 607 
Pots and jnrs ; in areW work, lOOOt 
Potter’s bar ; house at, 440. VVhcei, 1889/ 
Power of a number, 2297A 
Poyet, — ; architect, 2974 
Poynter, Ambrose ; architect, table of French 
and English architecture, 587 
Pozzo, Andrea; architect, 365 
Pozzuoli, amphitheatre, 228 
Practical building, 1881 et aeq. Carpentry, 
2008 et aeq. Geometry, 999 et aeq, 
Prfficinctio; of the Roman theatre, 226. Of 
the amphitheatre, 228 

Prague ; cathedral, 667, 572. Proportion of, 

p. 1018 t Maigfr 

Prato; cathedral, 6 If, 

Prebendal house, Westminfllr; staircase, 2797 
Prenzlau ; church of St. Maly, 572 
Presence or privy chamber, 4i6 
Preservation of ston^ 1 6676, 1789 et aeq.^ 1770 
et aeq.f 2278i. Of Iron, 22736. Of timber, 
1780 et aeq.f 1748 ef aeq. 

Pressure ; piers, vaults and arches, 1851 ft 
aeq. Walls and piers, 1500 et aeq. Earth 
against walls, 1584 et aeq. Wind against 
walls, 1692a. See Crushing,” “ Compres- 
sion,’^ &c. 

Priam’s palace hud fifty chambers, 140 

Pricking-up ; plasterer’s, 2240 

Prienc ; temple, 168 

Priests ; ridicule of, 811 

Primary Gothic, 687 

Priming coat, 2268, 22786, 2276/ 

Prindpal rafters in a roof, 2085a 
Principlea of oom^itlon, 2825 
Prior park, near Bath, 518 
Prisons ; Newgate, 528. The stmm at Ant- 
werp, 568 

Private buildings ; general obserrarieos on, 
2988 et aeq. In towns, 2990 et aeq,. Ckunmon 
boussaofi/>ii40Qr2992. Of a grade higher,. 
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2993. First class of, 2994. Duke of Devon- 
shire. Piccadilly, ib, Burlington house, 
2995. In the country, 2996. Keddlfstone, 
t5. Holkham, 2997. Villa, smallest size 
of, 2999, At Foot’s Cray and Mereworth, 
8000 

Private houses of the Romans, 242. Earliest, 
only one story, ib. J^ater houses, 248. 
Splendour of them, ib. Parts of which they 
consisted, 244 — 255. Parts of, reserved for 
the family, 245 

Probus, Cornwall ; proportion of church, p. 
1018 

Procoeton ; of a Romsn house, 252 
Protiling an order, 2528, 2551 
Projection ; in geometry, 1180 et teq. 

Property ; valuation of, p. 1094 et seq, 
Propigneum of the Greek gymnasium, 175 
Proportion (Grecian and lioraan) ; principles 
of, 2825 et seq. ; by E. Cresv, p 942. (Me- 
diteval), p. 1005 et seq.; by E. Cresy, p. 
1020 et seq. 

— in geometry, 935 — 937. Iti archi- 
tecture, based upon titness, 2496 — 2499. 
Of the orders deduced from the loads and 
supports, 2524 et seq. Of rooms, 2829 et seq. 
Of mouldings, 2629, p. 1019 et seq. 
Proj>yl8eum j at Athens, 160 
Proscenium ; of the Roman theatre, 226. Of 
the Greek theatre, 172. Modern, 2958 
Protecting or preserving stonework, 1667» 
Prothyrum ; of a Roman house, 246, 253 
Provisions m spec. ; for bricklayer’s work, 
2282c. For mason’s, 22845 and e. For car- 
fKjnter’s, 2285. For smith’s, etc., 2286. For 
plumber’s, 2288a 
Prudham quarry, lG66*c 
Public and private buildings, 2861 et seq, 

— — way ; arch over and under, lOOSa 
Puddled steel, 1775. Strength of, 1630r 
Pu<ldling furnace, 1760 
Pugging ; to floors, 2247, 2971c. In spec., 
22865. 2287 

Pugin, Augustas Welby ; architect, on Pointed 
architecture, p. 964 
Pugmill ; for mortar, 1854 
Pugwash deals, &c., 1729o 
Pulbam, Norfolk ; church roof, 2052/1, 2052r. 

Roof mouldings, p. 986, p. 987 
Pulley, 1816—1320, 2260 

mortises, 2019, 2020 

Pulpit ; in spec., 228dt 

Pulpitum ; of a Roman theatre, 226. Of the 
Greek theatre, 172 
Pulsometer, 221 9A 

Pump ; various sorts, 2219—2224. In spec., 
2288a 

Pumping out, in spec., 2281a 
Punch ; mason’s tool, 1914 
Punching holes for rivets, 1681< 

Purbeck marble, 16665, 1681^^ et seq. p 979 
Purimachos cement, 18665 
Purlin, 2086, 2036a. Scantling, 2040. Gothic, 
p. 986 

rafters, 2048, 2210a. In spec., 2286a 

Purveyor of the works, 819 

Putty; glazier’s, 2226a. Painter’s, 2275a. 

To remove, 22265 
Pay ; cathedral, 535 
PuEzuoUiia» 185^ 

Puzzuoli t Amphitheatre, 228 
Pycnoityie Jntercolumniation, 2606 — 2609 
pyramids ; of Ktoube el Meoschich, of brick, 
*72. Of Cheops, and lHuiiNran, and My ceri- 
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nus at Saccara, 74. Generally, 68, Of 
Mexico, 111 ; of Cholula, 112 ; of Papautla, 
118. At Merod and Geezeh, 804 
Pyrodene paint, 2273/, 2971c 
Pyrographic woodwork. 21785 


Q uadripartite vaulting, i499ja, 1499 / 

Quantities, 22S0d 
Quarter pace in stone stairs, 1920 
round, 2129. 2632 

Quartered partitions, 2024, 2025. In spec., 
2285a. Mow measured, 2813 
Quarry glass, 1879 
Quarrying stone, 78, 1666/ 

Quartz in granite, 1669 
Quebec deals, &c., 1729a 
Queen closer, 1896 

post roof, 2012. Post*, 2084 

Quellinus, Artus ; sculptor, 2690 
Quirk, 2106 
Quirked bead, 2126 
Quoin stones ; in spec., 2284« 


R adiation of heat. 2279 

Radnor, Karl of ; house for, 440 
Ra 8, Georges ; architect, 561 
Rafters, 2088, 2086r«. Common, 2086. Hip, 
i5. Jack, t5. Gothic, p. 986 
Raglan castle, Monmouthshire, 426 
Ragstone, 1922c et seq. 

Railing ; ornamental, in spec., 22S6a 
Rails of a door, 2180 
Railway compensation, p. 1094 
Rainfall, 2222c, 2228 

Rain watei*, 2228c. Pipes, heads, Ac., 2255. 
In spec., 2286a, 2288. Of lead in spec., 
2288. Of zinc, in spec., 2294. Formed in 
columns, p. 1066 

Rake ; plasterer’s 2283. Thatcher’s, 2211c 
Raker; bricklayer’s 1890 
Raking arches, *1413 — 1416 , 

Ralei^, Sir Walter ; house for, 440 
Ramw. Daniel ; writer on proportion, p. 1006 
Ramicnouer ; temple at Ellor^ 56 
Rammer; bricklayer’s, 1890 
Rampant pointed arch ; to draw and find the 
joints, 1948 

Random walling ; in spec., 2284 
Ranger’s artificial stone, 190855 
Ranging lath ; in glazing, 2226 
Ransome’s ; process, 1667/, 1667flt. Siliceous 
stone, 1667g. Concrete stone, 1667r, 1667#. 
Experiments on, 1667r— 1667ic 
Ranrille stone, 1666m, 1666o, I 6669 
Ratisbon ; cathedral, 569, 576. Proportion of, 
p. 1016. Dominican church, 569. Church. 
809 

Raunds church, Northamptonshire; roof, 
2052o. Porch p. 998 
Ravaccione marble, 1667 et §eq, 

Ravenna, 272, Church of San ApoUinaris, 
278. Of San Vitalis, 282. Joggled arch at, 
1926* 

Rayonnant period in France, p. 990 
Reading, B^kshire ; abbey, 486 
Reading sbhey oonetete stone^ 1908o 
B^tea boards, 2178a 

Red; biidn, 1826. Cedar firom Australia, 
172$<1 Granite, 1915e, Marble of tte 
Apennine, 615 

short iron, 1764 

Redmund’s hingOs, 22585 
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Heed thatebinff, 2211s 
Keedbam^ Norfolk ; cburch, 2052) 

Needs ; moulding, 2129 
Bednery furnace, 1761 

Beform club houne; soagliola at, 2250<y. 

Lighting, 2264/. Ventilation of, 2278A 
Nofuse destructor, 1907c 
Beid^Ur. ; aj^stem of ventilation, 2278sr 
Keigate firestone, 1666t 
Keims; cathedral, 541, 570. Proportiwi of, 
p. 1058. Apse, p. 1007. Original drawings, 

^ p. 1008. St. Kemi, 634, 647, St. Nicaise, 
apire, p 1004 

Ncinhard, Johann ; architect, 679 
Belief to bo given to omainents, 2637 
Believing arch, 1925/. In spec., 2282a, 22846 
Ilemoval of cloisters, 598 
Berirtissance style, 323 — 329. And flamboyant 
st\ le‘<, mixture of, 2002jr. In Spain, 697, 699 
Kendering; plaster, 22506. In plasterer’s 
work, 2238. To underside of slates, 22106. 
In sjiec., 2287 
ReredoSj 415 

Keservoir ; at Merab, 118 
Besilience or toughness of bodies, lG30t 
Resin box ; glazier’s, 2229 
Resistance ; of beams, 2021c. Of mortars, 
1858«i 

Ressaunt, double j a moulding, p. 970, p. 974. 

Lorrmer, p. 970 

IWeley, Willey ; architect, 525 
Reversed tee irons, l(»29f 
Revett, Nicholas, arohitpct, 616 
Revolving shutters, 2148a, 2266/. Of wood ; 
in spec., 2285c 

Rhainnus ; temple of Themis, p. 944, p. 946 
Rheims, Nee “Reims” 

Rhodez ; cathedral, 582 
Rhodian colonies, p. 942 
Riano, Diego de ; architect, 695, 599 
Rib or web of a plate girder, 1629c 

vaulting, 2002c, p. 980 et sea,, 1499c, 

2002</. Setting ou^ p. 1019. Mou'ded, 
2002». To porches, p. 998. In King’s 
College Chapel, p, 1006 

— for groins in carpentry, 2068 ei seq. 
Curved, tor roofs : in spec., *2286a 

Ricchini, Francesco ; architect, 621 
Richard of Cornwall, kmperor of Germany, 
669 

Richborough, Kent ; castle, 891 
Richmond, Yorkshire ; castle, 394, 898 

— Surrey; entertainment at, by Ueniy VII., 
428 

house, Whitehall, 610 

park ; new lodge in, 608. Old lodge, de- 
sign for, 440 

Rickel, Paul de ; architect, 660 
Rickets’s ventilating globe light, 2278c 
Rickman, Thoma^ architect, writer of At‘ 
tetnpt to discriminate the Styles, A*c., p. 967, 
p. 971 

Ridge ; crestings, 2255A. Piece, 2036, 2036a. 
Roof and liip tiles, 1836. In spec., 2283a, 
2293c. Of lead ; in spec., 2288 
Riding house ; at Moscow, 2060 
Rieux ; round church, p. 1606 
Rieux-Mdrinville ; church, 585 
Riga timber, 1729/ 

Right lines and rectilineal figures, 876 — 907 
Rim look, 2261 
Rimer. 2108 

Riminr; church of San Fraaoesoo, 8J5. Arch 
of Auguatus, p. 959 


Ringing floor of a bell tower, p, 1008 
Ripley, Thomas ; architect, 507 
Kipon minster. Yorkshire, 407, Dates and 
founders, 484 
Riser ; of stairs, 2180 

Risingham, Norfolk; Roman altars, marks 
on, 3226 

Rising hinges, 2256, 22586 

Rivnulx, Yorkshire ; conventual church, 407 

Riveted plate girder, 1629c 

Riveting plat^ 1631p 

Rivets, 1681r. Iron for ; strong h of, 1639o 

Rood scrapings, 1839», 18526. Making, 1839/i. 

Drains ; in spec., 2286a 
Roadway ; in spec , 2281 
Roanue, house near ; window, p. 976 
Robert the Pious, king of France ; archi- 
tecture under, 289 
Robin Hood stone, 1666f 
Robins, £. C. ; architect, on technical schools, 
8088 

Roche Abbey stone ; analysis, 1666 
Roche lime, *22o0/ 

Rochester, Kent ; cathedral, 896, 406. 

Founders and dimensions, 484. Proportion 
of, p. 1016. Joggled work at, 1925e. Castle, 
keep, 394, p. 1057 

Rock concrete tubes for sewers, 1887a 
Rocking stones. See “ Logan stones ” 

Rock worked rustics, 2669, 2670 
Rod of brickwork ; decimal parts of, 2320. 
How to ascertain value of, 2814. Table of 
value of, at different prices, 2819 
— • bolts, 2259. Of iron, stretching and 
breaking, 1680n 
Rodario, T. ; architect, 628 
Rodrigo, Alonzo ; architect, 596 
Rodriguez, Juan ; architect, 596 
Roelandt, — ; architect, 2981 
Rolbrich, Oxfordbhii*e ; circle of ston a, 1 6 
Roll and flllet ; moulding, p. 972 ; and triple 
fillet moulding, t6. 

ribbing ; slates, 221 It 

Boiled irons or bars, 1629r 
Rollers ; brass, 2268 
Rolls; in plumbery, 2218 
Rolls charKBl, 1 908o 

Roman architecture ; character of, and ob- 
servations on, 258. Not an original species, 
182. Its succinct history to 809 n.c., t6. 
Time of Appius Claudius, 188. Under 
Caesar, 186. Augustus, 187. Tiberius to 
Claudius, 191. Galba to Vitellius, 192. 
Vespasian and Titus, i6. Domitian toNerva, 
ib, Trajan, 198. Hadrian, i6. The Anto- 
ninas, i94« Decline, 195 et seq. Under 
Diocletian, 199 ei seq. Revived but little 
under Valentinian II., 204. Honorius 
raised or repaired some basilicsB at Rome, 
204. Roman entire in the West ended in 
476 A.P., 205. Destruction of Roman em- 
pire, p. 968 

brickwork ; ancient, 1896 

cement, 1868. Use of, 2251a. In spec., 

2287 


mosaic, 2281 a 

school ; its character, 884. Period of, 846. 

Principal masters of, %b, 

— — - temples, p. 968 et seq. Of the quadrmi- 
gular species, 208 et seq, Of the dre^ar 
iqjecies, 214 et seq , 217, Houses, 246 
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Borne; cathedral of St. Petes, 88^-341 Doors 
of, 2786. Nave of, 2779. Niches and sta.- 
tues in, 2779. Points of support of, 1681. 
Windows at, 2767 

— church of San Carlo alle quattro fontane, 
842. Of Sau Carlo on the Corso, 342. 
Walls at San Chrysogono, 1686. Of San 
Lorenzo fuori le Murk, 281. Sta Marla 
Maggiore, niches at, 2779 ; walla at, 1686, 
1649. Sta Maria sopra Minerva, 618. Sta 
Maria in Trastevere ; walls at, 1636. San 
Paolo fuori le Murk, 281, 1634—1546, 1668; 
points of support of, 1581 ; roof of, 2061. 
Walls at- San Pietro in Vincoli, 1686. 
Walls at Sta Sabina, 1585, 1648, 1564. 
Chapel of San Pietro in Montorio, 835. 
San Stefano Rotondo, 1628. See “Pan- 
theon ” 

— Temple of Peace, 217, 2647. For 
other temples, tee the names 

— Palao^ 843, 344, 2735. Bracciano 

palace, window, 2768. '1 heatres. 226, 258. 

Famese palace, cornice, 2726 ; door, 
2744 f window, 2768. Massimi palace, 
arca(^ 2632. Mattel palace, windows, 2758. 
Argentine theatre, 2968. Villa Pia, near, 
845. See “ Arch ’’ 

— taken by Totila, and again united to 
Eastern empire, 279 

Romsey, Hampshire ; ehurch, 896 
Roof; examination of strains in, 2031. Names 
of parts, ib. Scantlings of timbers for dif- 
ferent spans, 2036—2040. Mode of framing 
for different spans, 2042 — 2045. Mode of 
forming, in the mediseval period, 2052(f et 
seq. Mouldings of, p. 986 et teq. Lines for 
framing, 2058. Hip, to find the back of, 
2064. Lines of, to find, 2068 — 2067. Incli- 
nation of; in various climates, 2027 — 2030. 
Heights of roof in parts of span, 20406 

glazing for skylights, &c,, 2226c. In 

spec., 2289 

; of stone, p. 998, p. 999. Of zinc, 2224A. 

Exposed to wind, 1692ci et teq. Weights of 
materials used for coverings, 20406. In 
spec., 2288, 2285a, 22856 
Booting )i how measui'ed, 2837. Of. Athens 
andRome, 176 

Rooms ; proportions of, 2820 et teq. Height 
of, 2821. Height of galleries, 2822. Pal- 
ladio’s rules, 2828, 2824 
Rope and cables ; breaking weight of, 1680# 

yam in thatching, 22ll« 

Roriczer, Mathias ; arciiitect, his work on Pin- 
naces, p. 1008, p. 1019 
Roritzer, Conrad ; architect, 679, 680 
Bose ; of lead, to cistern in gutter, 2214. Jn 
spec.. 2288 

— window, p. 998 et teq. At T ork cathedral, 
p. 1016. At Ypres, 667, 658. At St. Ouen, 
p. 1082, p. 1086. At Rouen cathedral, p. 
1088. At Beauvais cathedral, p. 1084. At 
Amiens cathedral, p. 1086, p. 1087, p. 1062 

Rosel church ; spire, p. 1000 
Kosellini, Bernardo ; architect, 885 
Boseueath, Dumbartonshire; bouse, 523 
Roslvn chapel, near Edinburgh, 481, p. 1088. 

Width, p. 1068 

Rostock ; thurch of St. Mary, 567 
Rot } in timber, 1746 ft teq. 

KotbenbiiMr,680 , 

Bouen } its sseular and ecdesiastical arclii- 
tactuMf Many churches, 549 
541« M9. Apse, p. 1097. 
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Clerestory window, p. 990. Rose windows, 
p. 1082, p. 1088. Iron spire, 1006 
Rouen, St. Ouen. 544, 545 ; designed, p. 1009. 
Set out with the perch, p. 1067 ; Nave and 
transepts, 647 ; Piers of nave, p. 1040 ; Win-* 
dow, p. ^89 ; Rose windows, p. 994, p. 1009, 
p. 1082, p. 1086. Church of St. Nlcai8e,650, 
St. Vincent, 647. St. Maclou, 644. Palais 
de Justice, 550; roof, 2052t. Fontaine de 
la Croix, 648* Stone cross, p. 974. Hdtel 
de Bourgtheroulde, 550 
Roughcast, 2249. In spec., 2287 
Rough plate glass, 1877, 1878. In spec., 2289 
Round churches, p. 1006 

towers of Ireland, 1499 kj, p. 1008 

Routh, Yorkshire; proportion of church, p* 
1014 

Roval exchange, London, 1855. Granite at, 
i67ta. Steps at, 16716 

Polytechnic institution, London, 2278/^ 

1786 

Rozier, — ; architect, 679 
Rubbed returns, 1890 
Rubbing stone ; bricklayer’s, 1890 
Bubble ; masonry, 1666t. In footings, 1886c. 
Work, 1922a et teq.f 8080. In Spanish 
churches, 685 

Rudstone pillar, Yorkshire, 14 
Ruesga, J uan de ; architect, 59G 
Ruftuen, Sir William ; house for, 440 
Ruiz, Ferdinando; architect, 868 
Rule; glazier’s, 2226. Plumb, 1890. For 
castings, 2266^ 

Rules ; adopted oy Freemasons ; in proportion, 
p. 1067. Of proportion, p 1018 
Rumford CTates, 2279d 
Rumsey, Hampshire ; church, 896 
Running loads over bars, 1628u 
Ruprecht, George and Fitz ; architects, 672 
Ruremonde ; Notre Dame, 555 
Rushdon, Northamptonshire ; church tower, 

p. 1002 

Rushton ball, Northamptonshire ; lodge at, 
p. 1009 

Buskin, John ; writer, describes Gothic, 
p. 965 

Russell, John S. ; his principles in the con- 
struction of buildings for seeing and hear- 
ing in, 2958a et teq, 

Russian architecture, 874 et teq, Churchei 
built in the eleventh centuiy, 876 ; typo 
of, 877 

Rustic work ; in spec., 2284a 
Rustics to joints of columns, 1925a 
Ritysbroek, Jan van ; architect, 662 


S ABICUE wood, 172Bd 

Sacchetti, Giambattista ; architect, 872 
Sackville, Thomas, Earl of Dorset; house 
for, 440 

Sacrificial stones, 22 
Sacristy ; Felkirk church, p. 999 
Saddle bar; in glazing, 2227, 22296. In spec., 
2286a 

Safe loads, 1618 
Safety brick, 1906c 
Saffron Walden, Essex ; church, 421 
Sagging, 2021a, 2081 . 20626. Prevented, 2081 
Sa^es t Villa do Infante, 607 
Saint Alban’s, Hertfordshire ; cathedral, 812, 
898^ 407. Founders and dimensions, p. 190. 
Assimilating work, p* 968. Ceiling of nave 
and east end, 2028a. Ceiling of dhoir and 
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cha|)6l, \Yladow, p. 987, 

Amand ; eiittroh,S84. Chftteatt de Mell- 

Samt boDtest ; church spire, p. 1000 
Suiat Cross, Hampshii^ 696. Ceiling in 
tower, 2098a. Porch, p. 998 
Saint Cyr ; two i 4 ttid 8, p. 1(M»7 
Saint David’s, Pembrokeshire ; cathedral, cir- 
< ular window, p. 993, p. 994 
Saint Denis; abbev, 589. Doorway, 689. 

Church, 640, p. 1028. Steeple, fall of, p. 1004 
Saint Edmunasburv. iJee ** Buiy Saint 

Edmunds ” 

Saint George ; convent in Russia, 878 
Saint George Bochervillej set out with the 
English perch, p. 1057 
Saint George’s hall, Liverpool, 1671e 
Saint George’s hospital ; ventilation, 227Sk 
Saint Germain de Hlancherbe; quarries, 1666/ 
Saint Germain’s, Cornwall ; monastery, 889 
Saint Germain’s, near Paris, 440 
Saint Honorine granite, 1669 
Saint Hubert; church, 659, 660 
Saint James’s hall ; lighting, 2284/ 

Saint James’^s palace, Westminster, 426 
Saint Jean aux Bois ; church, 640 
Saint John’s deals, &c., 17295 
Saint Leonard ; church tower, p. 1003 
Saint Louis, king; great number of eccle- 
siastical buildings erected under, 310 
Saint Loup ; church spire, 1000 
Saint Luke’s hospital, OM Stieet, 623 
Saint Maximin ; uhurch, 540 
..uint PctersbUfi^ iMftded, 878. Palaces 
of, ib Chui ch of^hwrCadjr of Kazan, ib. 
Saint Pierre Canivet ; quarries, ICGCA 
^int Pierre-lez-Bitry ; church, 634 
Saint Poole, Sir George ; designs for, 440 
Saint Quentin ; chuich, 647. Aose. p. 1007, 
Hotel de ViJle, 648, 650 
Saint Riquier ; church, 547 
Saint Rombaut ; cathedral, 568, 569 
Saint Thomas’s hospital^ 2975e at ieq. 

Saint Trend ; church of St Martin, 654 
Sainte Kadigonde ; masons’ marks in church, 
3225 

Saintes ; amphitheatre, 228 
Sakkarah, pyiaiiiids, 74, 75 
Salamanca ; cathedral, 587, 597, 599. Domi- 
nican church of S. Esteban, 598. Colegio 
mayor de Santiago el Zebedeo or del arzo^ 
bispo, 697. University, 695 
Salisbury, Wiltshire ; cathedral, 542, Foun- 
ders and dimensions of, 484 ; Proportion of, 
p. 1016, p. 1028, p. 1058. Vaulting, 2002^, 
2002fli. Buttresses, p. 1048. Window, p. 
988. Spire, p. 100 1 ; strengthened, p. 1005. 
Chapter-house, 149955 
Saloons, 549 

Salsette, excavation of ; near Bombay, 57 
Saltpetring, lG67c, 1667m 
Salzburg ; cathedral, 855 
Salzdorf, Johann von ; architect, 580 
San Bernardino ; chapel at, 860 
Sand; measures, 2804. River, 1851. Pit, 
1852. Sea, 1852a. Metallic, 1852c. For 
moulding, 2265c, 2265c. In cement, 2251a. 
Paper, 2276</. How measured, 2804 
Sand J or samel bricks, 1828 
Sanding in painting ; outside work, 2277 
Sandstones; 1664. Buildings, 1665. Crush- 
ing foro^ ld02i 

Songallo, Giuliano di ; architect, 835 
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Sangillo, Antonio, architect, 848 
San Gimignano, 614. Houses, 622 ^ 

San Micheli, Michele ; architect^ 850 
San Pedro de Rates, 600 
Sanitary appliances ; closets, 22205. Papcrlj 
2277c, 2277A 

arrangements fra house, 3036 et seq. 

— aspect of house construction, 8027 et keg. 

— 8pNMifi«»ation for a villa, 22945. 
Sansovino, Jacu]|M ; architect, 851, 855 
Santa Maria de Yal de Dios ; church, 689 
Santa Maria el Real de las Huelgas, near 

Burgos ; Cistercian nunnery, 587 
Santarem ; capture of, 602. San Francisco, 
600. Sta Alaria de Marvilla, i5., 607. 
The Couceicao Velha, 607 . 

Saracenic or Arabian architecture, 118 $eq. 
Decline of, 128 

Saragossa ; church of Sta Engracia, 867 
Sarcophagus of Duchees of Kent, 1671/ 
Sarinena, Juan; architect, 508 
Sarking ; to a roof, 2210 
Sarzana ; cathetlral, 618 
Sarum, Old ; cathedral, 896 
Sash bars ; of zinc, 2224^. Of metal, 2266/ 
Door, 21 665 ; in spec , 2285/ 

— — Frames, 2164, 2165. In speo. 2285d, 
Lines, 2165a, 2260. Pulleys, 2260. Weight^ 
2165a, 2268. Mounting, 2165a. Pocket 
and titting-, 2165a. Tools ; glazier’s, 2226 
Sashes, 2164. Removal cf, 2165a. In spec., 
2285d. Cast iron, in spec. 2286 
Sash work, 2226 

Saturn, temple to (now of Vespasian), at 
Rome, 213, 260, 2647 
Saul or b41 timber, 1728a 
Savoy, London ; palace, 423. Chapel cei.iug, 
2023c 

Saw ; not known to the Greeks, 7. Carpen- 
ter’s, 2003. Ripping, half rippei*, hiind^ 
anel, tenon, sash, dovetailed, compass, 
ejhole or twining, 2116, Teeth of, 2116. 
Sawing iron, 1767 
Saw bench, 2124a, 21245 
Saxon and Norman styles ; difference be- 
tween, 397 

Sax( ns ; arrival of, in Britain, 888. Manner 
of building, p. 1021. Cathedrals, propor- 
tion of, p. 10o5 
Scabbling hamme 
Scaffolding ; in 
spec., 2284e 
Scagliola work, 22>0/t e( seq. 

Scales of iron ; in mortar, 1868, 18695 
Scales and weights ; plumber’s, 2212 
Scam(/zzi, Vincenzo ; architect, 855, 865 
Scaatle ; slater’s, 2209 

Scantlings; for joists, 2015 — 2022. For gir- 
ders, 2021 

Scappled blocked ; to granite, 1915c 
Scappling hammer, 1918 
Scarborough museum, 2916 
Scarfing, 2007 

Scena ; of the Greek theatre, 172 
Scenographia % of Vitruvius, p. 1018 
Scheiiier, Johann ; architect; 588 
Schelestadt church ; octagon steeple, p. 1004 
Schinkel; architect, 89^ f 

Schneeberg ; parochial 5ht}|vh, 588 
Schnellmeier, Heinrich ; arebitedt, 570 
Schon.berg house, Pall 
Schfinbrun ; palace, 865 
School, Hanwell distri^ 28#6e 
Schorl; in granitb, 1669 » 
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Schwerin ; cathedral, 667 

Scio^aphy, 2468—2484. See “ Shadows** 

Sconae ; m mortar, 1869#i 

Scotch granites, 1670. Slates, 1806 

Scotgate Ash stone, 1666j: 

Scotia or Trochilus, 2582 
Scotland ; architecture of, in time of the 
Saxons, 888, 888. Stone buildings in, of 
high antiquitj-, 388. Tudor examples of 
style in, 431. Spiies of, p. 1003. Granites 
of, 1671/f et seq. Marbles of, 1682 
Screen ; Northfleet church, p.985 ; Lavenham 
church, p. 986. Aldenhain church, i6. 
Screw, 1324 — 1880, 1681 o. Varieties of, 
2267 

driver, 21 1 0. Cheek, 2102 

Screwdowns or Valves, 2223s 
Scribe ; bricklayer’s. 1890 
Scroll moulding, p. 972 
Sculpture ; in Gothic architecture, p. 971 et 
seq.f p. 1028. Much used in tne early 
English style, 401. In France ; of the 14th 
century, 643 ; 16th and IGth centuries, 646. 
In France and Germany, 668. In German v, 
678 

— rather than painting, allied to archi- 
tecture, 2522 

Sea coal mortar, 1859a 

Sei sand, 1861 et eeq.^ 2222<f. Inducing rot, 
1746 

Sea water; effect of, on iron, 1779. On 
cement, 18626 et seq.^ 1864c 
Seams ; in plumbery, 2213 
Seasoning timber, 1748, 1761 
Seats ; wood mouldings, p, 986. Of a church, 
in spec., 2285i 

Secqueville church ; spire, p. 1000 
Section, 2490a 
Sdez ; cathedral, 640 

SeftoD, Lancashire ; proportion of< church, 

p. 1016 

Segeste ; temple, 149, p. 945 
Segments of a circle ; Table of areas when 
the diameter is unity, 1226 
Segovia ; bridge of, at Madrid, 871 

— cathedral, 867, 698. New cathedral, 
i6., 599. Masons’ marks, 3226. Casa de 
moneda, 626. Hieronymite monastery of 
Sta Maria del Parral, 696 

Selby, Yorkshire ; C(.nventual church, 398, 
421. Choir, groined ceiling, 2Q28g. Win- 
dows, p. 991 t ' 

Selenitic mortar, 2260a ^ 

Self-coiling hhutters, 214'’a , 

Solinus ; founded, p. 943. City, IMIL Five 
temples, p. 946, p. 948, p. 949 ' 

Seniiramis, queen; works of architecture 
attribute to, 9 
Semitae ; of the xystus, 176 
Senlis ; cathedral, 640. Church of St. Pierre, 
647. Church, 634 ^ 

Sens ; cathedral, 640, 647 
Septimus Severus; arch at Rome, 2547, p. 
962 

Seraglio ; reception room of the, 182 
Serlio, Sebastien ; architect, 2744. Mode of 
relieving a lintel, 1926/. On proportion, 
p. 1058 

Serpentine, 168 lif et $eq^ 1688c 
Servandoni, Niocolaf architect, 862 
SetviS ; box to ciatem, 2223c. Pipes, 222^ 
Set) produced by a straining force, 16286, 
i680e \ ' 

Sdts off. 190(W 
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Setting board; glazier’s, 2228. Knife, gla- 
zier’s, i6. 

Severey, 416, p. 1046 ' 

Seville ; cathedral, 868, 595, 599 
Sewers; their use, size and form, 1887 et eeq^ 
Shade, as distinguished from shadow, 2459 
Shadows; method of projecting in architec- 
tural drawings, 2468— -2484. Annie usually 
employed for the light, 2459 — ^2462. Ex- 
amples, 2464 et eeq. On steps, 2468. Of 
modillions, 2469 — 2471. On tnglyphs, 2472*. 
Of consoles, 2473. Of niches, 2476. Of 
pediments, 2476. Of bases, 2480. Of 
Tuscan, Ionic, and Corinthian capitals, 
2480—2484 

Shaft ; Gothic, p. 976. Filleted, p. 989. In 
vaulting, p. 980 et eeq. Of stone, strength 
of, 1502o. Of coloured stone, in spec., 
22846. How measured, 2868 
Shaftesbury bou«ie, AJdersgate Street, 462 

ventilator, 2278g 

Shah Abbns ; caravanserai of, 61 

Mcidan ; at Ispahan, 61 

Sham ; ceilings, 2023(7. Vaulting, 149966 
Shapes of beams and girders, 162&/> et eeq, 
Sharpe, Edmund, architect; on the pointed 
arch, 308, 8076; author of Architectural 
Parallels^ p. 971 
Shawk stone, 16G6z 
Shear steel, 1 772 

Shearing or detrusion, IGBln et eeq. In iron, 
lG20c. Of &t )iies, 1502i 
Sheephouse quarries. Drogheda, 166666 
Sheemess docks, 1671e 

Sheet; copper, 1789. Glass, 18 8a, 1870a, 
187^ Iron, weight and thickness, 2264. 
Lem), 1788 ; thickness of, 2215a 
Shell lac for protecting stone, 1667a 
Shelving ; of slate, 22111^ 

She.ie, Surrey ; palace, 424 
Sherborne, Dorsetshire ; minster, 398. Porch, 
p. 998 

Sheriff Hutton, Yorkshire ; palace, 423 
Sheringham’s ventilator, 227^ 

Shingles ; in roofing, 2224. Imitotion of, on 
stone spires, p. 1000 
Shingling iron, 1757 

Shoes ; for shutters, 2225/. Of iron for timber, 
1746. Of iron in roofing, 2043 et eeq, 
Shone’g sewage ejector, 1887c, 1887</ 

Shooting, 2102 

Shop ; fittings, in spec , 2285«. Fronts of 
iron, 22f6/; in spec.,2285d 
Shoring, 1889a. In spec., 2284tf, 2285 
Shurland's tubes, 227^. Grate, 2279if 
Short aud long work, 19226 
Shoulders; in cours^ masonry, 1925^. In 
f)*aming, 2176a 

Shrewsbury; St. Mary and St. Alkmund 
cburches, p. 1002. Pedestal of Lord CUve, 
167Ja 

Shute, John ; architect, 488 
Shutter ; bars, 2268, 21486. Shoes, ib. 
Shutters, 2146—2148. In spec., 2286c. Box- 
ings, in spec., 2285e. Revolving iron, 
2266/ Of wood, in spec., 2286<. Sliding, 
in spec.. 2285c. Outside, in spec., 2285c. 
Sicilian Gothic architecture, 626 

marble, 1666c, 1677 et eeq,^ 2002AA 

Sicily I marbles of^ 1678a. Pointed arch In, 
806. Temples in, 147, p. 948 
Siculo-Norman style, 626 
Side ; boards, 2 l 62 . Hook, 2121 
Siena ; cathedral, 618, 616. Proportion 
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1)08, San Francesco, ib. Houses, 614, 
aL Buonsignori, 614. Pal. Piccolomini, 
829 ; cornice, 2726. Pal. Spanocclii ; cor- 
nice, 2725 
Siena marble, 1 678 
Signia ; Cyclopean remains. 82 
Sigoeuza ; cathedral, 587, 598 
Silica and lime, 1659e 
Silicate cotton, or slag wool, 2247, 2971c 
Silicate of iron paint, 2273^ 

Sill ; of a partition, 2025. Of a window, in 
specn 22845 

Siloe, Diego de ; architect, 868 
Similar Ogures, 958 — 968 
Similarity of work, p. 969 
Simpson, Archibald ; architect, 2048 
Sine of an arc, 1089 
Single axed ; to granite, 1915c 
Single; floonn^ 2014. Slates, 2211c. Framed 
roof, 205201, 2052^. Stones ; early practice 
of erecting, and of what probable emblem, 
13 

Sink ; of stone, of earthenware, in spec., 2284dl 
Deal, in spec., 2285^. Lined with lead, in 
spec., 2288. Of slate, 221 ly. Trap, 2220i 
Sink stone, in spec., 2284d 
Sion house, Middlesex, 442 
Site for industrial dwellings, 8023 

or Scena, of the Greek theatre, 172 
Skerryvore; lighthouse, 16715 
Skew back, 1890 
Skiffled ; in mason’s work, 1922d 
Skimming ; in plasterer’s work, 2246a 
Skinning work, p. 970 

Skirtings ; in spec., 22865. Of cement, 2287. 

Of slate, in spec , 2283a 
Skirts ; of a roof, 2058 

Skylights, in spec., 2285e. How measured 
2855 

Skynners, Sir Vincent ; house for, 440 
Slal) ; of slate, 1810. Generally used, 2211/). 

In roofing, ^105 
Slag ; in mortar, 1859<f 
Slag wool, 2247, 2971c 
Slaking lime, 1848d, 1848, 18595 
Slate, 1798 et uq. Descriptions of, 1798. 
Quarries, 1800. Properties of, 1801. Dif- 
ferent sorts, 1802 et se^., 2211c et teq. Tests 
of quality of, 1807 et seq. Strength {rf*, 
2211c. Use of, in Pembrokeshire, 221 lo. 
Defect in constructions of it, ib. Hips and 
ridge, 221 It. Roll ribbing, ib. Slope of 
roms for, 2080. Names and sizes, 2211c. 
Number to cover a square, 22115, Slabs, 
2211/). ; in spec., 2288a 
— articles, &c., 1804. Dowels, 1926/. 

Ground for plastering, 2246d. Of glass, 
2281. Enamelled, 2211 r 
Slater’s work; in spec., 2282c. IIow measured, 
2870 

Slating, 2209 et seq. Open, 2210c. Patent, 
22101 

Slnugham, Soipex ; house for Sir W. Covert, 
.440 

Sleaford, Lincolnshire ; church, 898 
Slee; era ; timber for, 1729/ How measured, 
2881. Walls, in spec., 2282a. Oak fur, in 
s^c., 2285. Blockn of earthenware, 1886if 
Sliding of voussoirs, 1495a 
Slope or pitch of a roof, 20405, 2052tf 
‘ Slotting a bar, 2255) 

Slow combustion grates, 2279d 
Small cut brads ; glazier's, 2226 
Bmirke, Sir Robert ; architect, 520 
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Smirke, Svdney ; architect, 2052ii 
Smith, Edward ; sculptor, 526 
Smithery and ironmongerv, 2258 et seq. 
Smith’s and ironmonger's work, 2255. In 
spec., 2286. Estimating, 2375. 

weather-tight casement fastenings, 2259, 

2259d 

Smithson, Huntingdon; architect, 448 

, Rol^rt ; architect, 440, 443 

Smoko flues, 8052. Overheating, 8062 
Smyrna; tumulus near, 804 
Soaking bricks in water; 19005 
Soane, Sir John ; architect, 523. 

Sod kiln; for lime, 1846 
Sofites, in spec., 2285c 
Softening water, 22285 
Soil pipes, 2228^, 22285 
Soils; Wt for foundations, 1882, 1883. To 
cover in basement, 1886/ In spec., 2281 
Sois'-ons; St. Pierre, 634. St Jeandes Vignes, 
545 

Solar cell ; of the baths of Caracalla, 235 
Solari, Cbri^tofano ; architect, 628 
Solder; for lead work, 2228)t. For copper, iron, 
brass, and pewter, 2224d 
Soldering, 22235. Zinc, 1797 
Solids, 979—095. M^^nsuratiou of, 1229 el seq. 
See “ Mensuration ” 

— to voids ; ratio of, in vertical rections of 
Gothic buildings, 1588e. See ** Points of 
Support ” 

Solmone ; aqueduct and house, 625 
Solutions, fireproof, 2971/ 

Somerset house, London, 618 ef seq,^ 2898. 

Old ; ground plan of, 440. Water front, 459 
Somersetshire ; churches in the fiorid English 
style, 423 

Sompting, Sussex ; church tower, p. 971 
Soufflot, Jacques G. ; architect, 8dl, p. 1048 
Souillac ; church, 807, 685 
Sound boarding. See “ Pugging ” 

Sound. See “ Isacoustic curve and 
“Theatre.” Non-conductor of ; see “Slag 
wool.” Wood as a conductor, 2964 
South Wingfield. Derbyshire ; manaion, 426 
South WraxhalJ, Somersetabire ; hall roofi 
20522 

Southampton ; new church, 625 
Soutbfie^ Kent ; church roof, 2052o 
Southwark, Surrey ; church of St. Mary 
Overies, or St Saviour's, 421 ; vaulting rib^, 
p.980. OfStOlave, 512 
Soutbweill, I^tinghamshire ; collegiate 
chtti«lk889. Founders and dimensions, p. 
197, East windows, p. 988, Porch, p. 998 
Son^ ; ellead, 1782 

Spain; marbles of, 1680. Architecture of, 
867 et seq,t 584 

Spala^ (g|)^rly^8iwlafco); Joggled fircbee, 

Spandril ; in vaulUng, 2002e 
Spanish white, 2274 
Spazi, L. de’ ; architect, 628 
Speaking tubas, 2262a 
Special subject^ 2861 et seq. 

Specifications, 2280 et seq, 

Spey, Johann von ; architect, 679 
SfibaBristerlum ; Of the Greek gymna8iam,176 
Sphere ; surface or segment, 1287. Solidity 
of a, 1288. Solidity of a spherical segment, 
1289.^ Its resistance, 1692<i 
Spherical surfaces ; to fbnn in joinery, 2208. 

VaulUng, 14/8—1498 
Sphinx of Eg^'pt, 74 
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Spiders in roofs, 567 
Spikes, 2268 

Spina ; of the Roman circus, 240 
Spindle ; self-adjusting, 2261 
Spinkw^ quarrv, 1666y 
Spiral stairs, 2808 

Spires, p. 1000 et seq. Construction of, p. 1003. 
In spec., 22846. Of iron, p. 1005. Of ainc, 
22246. With open traceiy, p. 1005. Of 
'Wood, at Breslau, 679. Of stone, at Thomar, 
607. At Salisbury, p. 1062 ; thickness of 
stone, ih. Lofty, in Belgium, 660. Of 
brick, ib. Ootnic, wrought into Italian 
architecture, 484 
Spires, or Speyer ; cathedral, 287 
Splay.x, ramps, and chases ; in spec., 22826 
Split oak for pales, 21266 
Splitting slates, 22 lid 
Sprinkler, automatic, 297 It 
Square; bricklayer’s, 1890. Bricklayer’s large, 
ib. Glazier’s, 2226. Joiner’s, 21*18. Mitre, 
2124 

Squares ; use of, in proportion, p. 1005 et $eq„ 
p. 1008 et seq. And triangles, systems of, 
620 

Squares, &c. Tables of, 2297(gr, 22976 
Squaring the rail of stairs, 2187. Dimensions, 
2297 

Squinch, p. 1001 

Stabilitv ; of piers or points of support, 1563 ; 
cf buildings, ] 688 e et seq. In a roof, 2035a. 
Source of fitness, 2500. Dependent on laws 
of gravitation, 2501 

Stable ; and fittings, 22566 In spec., 2 826, 
22856, 2286a. Supply of water to, 2223. 
Masou’s work in, in spec., 2284d 
Stacking timber, 1780 et seq. 

Stadium ; of the Greek gymnasium, 175 
Stafford, Duke of Buckingham ; his palaces, 
426 

Staffordshire tile, 1908c 
Stages of mouhlings, p. 979 
Stained glass, 22816 
Stains for wood, 227^e. In spec., 2290a 
Staircases, 2796 et seq. Designing of, impor- 
tant, 2797. Light in, 2798. Of the Greeks 
and Romans, 2790. Few remains of, at 
l^mpeii, 2800. Of the Triniik de’ Monti 
and Araceli, 2802. Palladio’s rules for 
forming, 2808, 2804. Various sorts, 2806. 
Winding or spiral, 2806. Palladio’s rules 
for, 2806, 2807. Spiral, with solid newel, 
2808. Spiral, with openanewel, 2809. El- 
liptical, with open newel, 2810. Elliptical, 
with solid newel, 281 1 . EasineBS of ascent 
in, 2813. Blondel's rule, 2814. How 
measured, 2857 

Stairs ; iron circular, 2266. Back and prin- 
cipal of stone, in spec., 2284c. Of wood, in 
spec., 2285c, 2285a 

stone, 1926 et seq. With solid or open 

newel, 1926. Geometrical, 1927 — 1929. 
Landings, half paces and quarter paces of, 
1929. Thickness of steps, 1928. Rules for 
risers and tr«ad8,2177 — 2179. Carriage, &c. 
of, 2026. Deal, in spec., 22856, 2298c 
Stall board ; in spec., 22856. In stables, in 
spec., 22856. Dressings, in spec., 22856 
StaUs : in churches, 2192a. At Winchester 
cathedral, p. 984. At Selby, p. 986. At Lan- 
caster, ib. In Heniy Vll.’s chapel, p. 986 
Stamford, Linoednsbire ; parochial oburcb, 
421. AU Saints church, porch, p. 999 
Stamped or incised plaster, 2245a 
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t Stanebeons ; to windows, 22296, Strength of, 
I ‘ 1681t et seq. In spec., 2286a 
Stancliffe stone, 1666 
Standard ; of deals, 1729 
Stanford's Joint for drains, 1888a 
Staplehnrst Kent ; church door, 2145a 
Stai'ston, Norfolk ; church, 2052r 
StoAsins, Jan ; architect, 559 
Stationes ; of the Greek gymnasium, 175 
Statues, 2778 et seq. Founding of, 2266. 
King William IV., 16716. At Portsmouth 
Aberdeen, &c., 167 If. See ** Niches ” 
Steam; in waraiing, 22706, 2279m 
Steel, less — 1635, 1764, 1769 et seq. Shearing 
of, leSls. Plates, strength of, 1630r. 
Columns, 2265. Ornament, 2255o 
Steel decking for floors, 1908n 
Steely iron, or semi-steel, 1769a, 1778 
Steenhoukcbelde, Thiery de ; architect, 559 
Steening wells, 1829. In spec,, 22826 
Steeple ; octagonal, in Spain, 590. Of zinc, 
22246. iSce Spire” 

J^teier ; church, 667 

S einbach, Erwin and Johann von ; archi ects, 
770 

Stellar form of vaulting, 1499y et seq.^ 2002» 
Stench trap ; to drain, 2220y. In spec., 2288a 
Stepping ; to flashing, 22116 
Steps, 2180a. And risers, to proportion, 2177, 
2178a. Of slate, 22119 . Of black marble, 
1683. Arches to carry, in spec., 2282a. To 
chancel, in spec., 2284c 
Stereotomy. See Masonry 
Stevens, John ; architect, 561 
Stewing stove?, in spec., 22826 
Stewkley, or Stukely, Buckinghamshire ; 
church, 889 

Steyning, Sussex ; parochial clmrcli, 398. 
Proportion of, p. 1018. Cap and base of 
pier, p. 1020 

Steyning or steening wells, 1829 
Sticking; in moulded work, 2105 
Stickles, Robert; wchitect, 440 
Sti^litz, C. L. ; writer, p. 1009, p. 101 1 
Stiffness; in a beam, 16286, 16306. Of bodies, 

1680 t 

Stirling. Morries; improvements in iron, lG28n 
Stirrup irons, in spec., 2286 
Stock and bit, 2107 

; bricks, 1820, 1822. Locks, 2261 

Stoke-Pogis hou e, Buckinghamshire, 446 
Stone ; early working of, 10 . Quarried and 
worked with skill by the Egyptians, 7H. 
For Cologne cathedral, 578, 574. In Spanish 
churches, 585. In spec., 2284 et seq. 

— 1686 et seq. Freestone, 1687. Limestones 
and sandstones, ib. Requisite qualities, 
1689. Report on sdecting stone for the 
new Houses of Parliament, 1641—1665. 
List of sandston^ limestone, magnesian 
limestone, and oolitic stone quarries in the 
provinces, 1664, 1665. List of buBdings of 
sandstone, p. 46*2 — 465. List of building of 
limestone, p. 465—468. List of buildings 
of magnesian limestone, p. 408 — 470. Ana- 
lysis of sixteen different snrts of stone, 
1666. Crushing weights, 1500— 1502, 1502k, 
1582. Table of weights, 1666a, 16665, 
Stones used in the metropolis, 1666c. Var- 
ious stones used, 1666<^1 66655. Quanring, 
1666cc. French building stones, 16u6A5* 
Kentiflh ragstone, 16664/ 

——decay of; 1610, 1667 et eequ EflTecks of 
wind, bun, heat and co d, 1667/, Dres iugo, 



1134 


index:. 


8 ^ 

in Bpec;i 2284. Walling, random, in spec., 
2284. Presei vation of, 1667A et »tq. Arti- 
ficial, 1667o et *eg. Absorption of water, 
166710 

Btnne age, 1918. BrickB, 1903o. Lime, 1849 ; 
1859h. Coloured, 1666e. Pipe, 2228p. In 
spec., 2282a, 22936. Cut ting; see ‘•Masonry.** 
— , Kent ; church, p. 1020, p. 1028 
— , "Nichoias ; mason, 813, 440, 462 
— buildings, Lincoln’s Inn, 615 
Stonehenge ; account of, 18. By Inigo .lones, 
457—461. By Mr. Cunnington, 19, 40. 
Not built by the Britons, 380, 888 
Stoneware, 1839e, 1908a. Pipes, 1888a, 2223p. 

Bonding brichs, 1 90-2c 
Slop; to chamfers and mouldings, 21756 
Stop-cock for gas ; in spec., 2293 
Stopping and picking out tools ; plasterer’s, 
2233 

in painter’s work, 2270. In spec., 2290a 

Storv ; posts and curb lor, in spec., 22S4c, 
2285a, 22856. R( d, for stairs, 2182 
Stoves, ^279</, 2279c. For gas, 2264i, 2279e 
Stowting, Kent; church, lead of glass, 
2229a 

Straight-edge, 2123. Plasterer’s, 2233 
Straight-joint floor, 2168 
Straining-piece, 2034 

Strains; on beams and girders, lG 28 eefse 9 . 
On roof fniming, 2031. On inclined 
timbers, 1662 

Strap; in carpentry, 2011. To roofs, in spec., 
2286, 228Ga 

Stra^sburg ; cathedral, 822, 567, 670. Pro- 
portion, p. 1011. Masons employed at, 312, 
315. Spire, p. 1005. Carving at, 311 
Stratford-upon-Avon, Warwickshire; paro- 
chial church, 314, 408, 421 
Straw; in thatching, 2211« 

Strelly, Nottinghamshire; church porch, p.999 
Strength; of materials. 1500 et seq. In a 
beam, lG28u. Of bodies to resist dt flection, 
1G80A. Of various timbers, 1632a 
Stretchers, 1894 

Stretching ; resistance to, 1630i 
String cour-es, p. 981 et seq. Or bands to 
spires, p. 1003. In spec., 228 a 
Strings ; cf stairs, 2026. In spec., 2285(1 
Striped work ; in masonry, 1914 
Striping; in mnsonry, 1914 
Stripping walls before re-papering, 2277/. 

The surface, in spec., 2281 
Strode & Co’s ventilator for gas, 2278t> 
Stroking; in masonry, 1910 
Strong closets ; in spec., 22826 
Strong, Thomas ; master mason, 469 
Struts; in carpentry, 2009, 2021a, 2031. 
Strength of, 168 It et seq. And braces, abut- 
ments for, 20 1 0 
Strutt, or Helper stove, 2279/ 

Strutting pieces, 2018 
Stuart, James; architect, 516, 525, 2047 
Stgart^s granolithic paving, 1905c 
Stucco, 2250(1 et teq. Bastard. 2236 ; 2248. 
Painting, 2269* In Ireland, 2250a. In spec., 
2287 

Stuck work ; in joinciy, 2106. In Gothic 
joinery, 2176c 

Stuff; size of, in Gothic work, 2176c. Thick- 
ness, in Gothic work, 2176cf, p. 986 
Stukely, or Stewkley, Buckinghamshire ; 

church, 889 
Stump tracery, 678 
Styles; of a mr, 2180 
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Styles of arbhitectiire, all dependant on fltnaii^ 
2608. Prin<^es of, p. 1047 
Sub-arch, p. 97? 

Subdivisions and apartments of buildings^ and 
their points of support, 2848. Vaults for 
covering, how arrangedi, 2849 — ^2854 
Subiaco ; monastery of Sta Scolast ca, 614 
Subterranean style of Egypt ; caused by the 
dimate, 64 

Sudatio ; of the Greek gymnasium, 176. Of 
the Homan baths, 235, 236 
Sudeiy, Gloucestershire; houB>, 428 
Suffolk; bricks, 1820, 1831a. Latch, 2262 

Lord ; house for, 440 

Sugar ; efleet of, on iron, 1779c 
Sully-sur-Loire ; roof, 2052t, 20529 
Sulphate of copper, 1752c 
Summer ; building in, 1832a 
Summer hill, Kent, 452 
Sun Fire office ; pi nth, 16716 
Sunium ; temile, p. 943, p. 945 
Sun lights, 2264e 

Superticies ; mensuration of, 1212 — 1228, See 
“ Mensuration ** 

Superintendents of English buildings in the 
middle ages, 312 
Supervisor. 812, 819, 3‘20 
Supplement; of an aic, 1038 
Support-. Ncc “Points” 

Surfaces, 029 — 934 

Survey of t-»oLhic buildings; system of not- 
ing, p. 975 

Surveyor, 812, 319. General, 819 
Susa; arch of Augustus, p. 962 
Suspending rods ; in roofing, 2043 
Sussex marble, 1681^ 

Sutton Place. Surrey ; 1908a 
Sw«ns^•a, Glamorganshire ; castle, 418, 414 
Swardestone, Norfolk ; church foof, 2052;> 
Swedish ti i.ber, 1729/ 

Swift, dean ; his ignorance of art, 491 
Swinbrook, Oxfordshire ; bench end, p. 986 
Sybil ; temple of the, at Tivoli, 214, 2647 
Sycamore, 1724 

Sydenham, Surrey ; palace at, p. 1057 
Syenite, 1669. Crushing weight of, 1502A 
Syeuitic granite, 1669, 1671^ 

Sylvester's process for protecting stone and 
brickwork, 1667n. System of ventilaton, 
2278y. Stoves, 2279rf, 2279c 
Symmetry; in architecture, 2610, p. 958 
Syphon trap, 2220o ; 2223/. In spec., 2288a 

Tank. 1888A 

Syphon^e, 1886c/, 2220A, 222dm 
Syphonio aspirator ventilation, 2276a 
Syracuse, 626. Temples, p. 948 Houses, 626 
Systvle intercoluinniati« n, 2605. Monotri- 
glyph, ib. 

Sz relmey 8 process for preserving stone, 
1667m 


; sepulchral tower of the Chines^ 106 
1 Tabary metallic cement, 1667n 
Tabernacle, or canopy ; plan of, p. 976 
Tables, or stone courses, 1922o, p. 979 
Tablinum ; of a Roman bouse, 248, 258 
Tacts, 2267a, 2267d 

Tadmor or Palmyra ; extraordinary stmO' 
tur.B,196, 197 
Tai ; of the Chinese, 106 
Taking down, in spec., 2281 
Talenti, Francisco ; a^ohiteot, 828 
Tali boy, 1906a 



INDEX. 


Htr 


TAD 

itiri eoncreto oonstruotion, 1908jr 
Miffcat ; of AO arc, 1041 
anjore ; pagoda, 59 

anka and cistenis; of iron, 22235. For 
water, 1785a, 22225 
['aormina ; houses, 626 
Tap r shtU bit, 2102 

Tar; as a patnt, 22735. Asphalte, 1867fi, 
19055. Paving, 19055. Oil of, 1762a 1 

Tarentum ; founded, p. 943 
Tarnish, of copper, 1789a 
Tarouca ; Cistercian monastery, 600 
Tarpaulin, 1908a 

Tarragona; cathedral, 587, 592. Masons’ 
marks, 8225 

Tarring fence, In spec., 22855 
Tas dc charge ; in vaulting, 2002c 
Tassels ; in a roof, 2062/ 

Taste ; in architecture, 2492. Standard of, 
2506 

Tattershall, Lincolnshire ; castle, 423. Door- 
way. p. 998 

Tatti, Jacopo ; architect. See “Sansovino” 
Taunton ; St. Mary’s church, 421. Tower, 
p. 1002 

Tayler, Mr. ; his house at Petter’s Bar, 440 
Taylor, Sir Robert ; architect, 318, 616, 523 
Taylor’s new roofing tiles, 1836. Damp proof 
course, 1886rf. Facing block for wails, 
1902c 

Teak wood, 1728. Strength of, 1630w 
Teale, T. P. ; grate, 2279<f 
I’eano ; castle, 626 
Tearing materials asunder, 1630« 

Tebbutt’s safety brick, 1906c 
Tectorium ; for walls, 22775 
Techn’cal scbools and college buildings, 3037 
et seq. 

Tee irons, 1629c 

Telekouphonon ; for speaking tube, 2262a 
Tempering iron, 1769a 
Temple Newsham, Yorkshire ; house, 462 
Temple, 76 et «c^., 142 et seq., 196 et seq., 2647 
et seq. Proportion of, p. 1067 et seq. Sec in 
Glossary 

Templet ; bricklayer’s, 1890. Or Mould, 
1890, p. 1019 Carpe ter’s, in spec., 2285 
Tenons, 20f8 

Tensile strain ; in stone and marble, 1602c 

s rength, 1628e, 1628n, 1630/7. Of cast 

iron, 1630c 

Tension, 1628e, 1630c, Rod to a beam, 20215 
Tentyra ; temple at, 71, 78; 80, 91 
Teocallis ; houses of gods of the Mexican.*, 
Ill, 118 

Teos ; temple, p. 951 
Teotihuacan ; p' ramids of. Ill 
Teotocopoli, Domenico ; architect, 869 
Tepidarlura ; of the Roman baths, 286 
Terminus. 2686 

Terni ; church of San Francesco, 618 
Terra-cotta. 1667o, 1839^efcca. Porous, 1908r. 
Architectural use of, 1908. Colours in, 1908f. 
8 rength of, 1908o. And brick church, 624. 
Work, in Spain, 686 ; and other places, 1908 
Terras, 1869c, 1869fl 

Terro- metallic ; tiles, 1886. Grooved bricks, 
l&OSc 

Tertiary French Gothic. See « Flamboyant ” 
Tesseres, 1839c 

Testing ; cast and wrought iron, and steel, 
2266a. A beam, 1680/. Stone, 1600 et 
seq,, 2266ii. Bricks, 15025. Drain8j%1888/7« 
Timber, 1608 et eeq,, 22665. Cement, 2262e 
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Testing machines, 2266a et seq., 2266/ ef seq, 
Tetbury, Gloucestershire ; church, 614 
Totrastyle temple, 2528 etseq. 

Teltoje, or penthouse roof, 614 
Tewkesbury, Glouctstershire ; monastery, 
889. Conventual church, 421. Shafts of, 
p. 1023. Choir, p. 948 
Thames; ballast, 1861. Embankment, 16715, 
1671c 

Thaon, NoTmandv : church, 547. Spire 

p. 1000 

Thatching, 2211* 

Thaxted, Fssex ; parochial church, 421 
Theatre; in Romo, 186,226,258. Of Aiimillua 
Scaurus, i6. Tnal by Curio, t5. Of Mar- 
cellus, 226,268, 2647. That of Pompeii, 227 

of the Greeks, 172. First constructed in 

a temporary manner, ib, 

roof of old Drury Lane, 2048 

Theatres ; modern, 29*47 et seq. By Bramante, 
ib. Their r vival, 2949. Points for con- 
sideration in, 2962. Forms of, 2953, 2957. 
Wyatt’s principle*, 2966. Siz*8 of, and 
sch mes for hearing and seeing, 2957 — 2964. 
Use of seiiiiciicle in, 2965. Distance fr«»m 
stage to boxe-*, 2968. Seeing in, 2969. 
Foreign theatres, 2972 

Late suggestions for improving, 2970 

et seq. Ingresn and egress, 2970, 2971. 
Cr< sh room, 2970, 2971. Passages, ib. 
Staircases, ib., 29705. Openings, 2970a, 
Doorways, ib. Departments, 2971. Fire- 
proof w rk at, 2971a. Curtain, 29715. 
Lighting, electric and gas, 2971y. Ven- 
tilation, 29715. Fire at, ib. Water for, 
29715 et seq. Firepn of theatres, 2971/ et 
seq. Reference to publications, 297 Iw, 
2972a 

Themis ; t«mple at Rbamnns, p. 944, p. 945 
Theobalds, Hertfordshire ; house, 446 
Theodoric, king; architecture under, 278. 
His mausoleum at Ravenna, t5. His suc- 
cessors, 279 

Theodosius, emperor ; architecture under, 271 
Tberdosius II., emperor; architecture under, 
271. His works at Constantinople, 271 , 

Thtron ; tomb, at Agrigentum, 168 
Theseus ; temple, at Athens, 150, p. 944 
Thienen, Jacques van ; architect, 662 
Thiers ; churches of St. Nectaire, St. Sym.- 
phorieo, and St. Genbs, 534 
Third Pointed woik ; proportion in, p. 1017 
Thirds ; in proportion, p. 1026 
Thomar ; cloisters of the Templars, 600. Nossa 
S enhoia dos Olivaes, ib. Choir, 601. San 
Jodo Battista, 607 

Thombury, Gloucestershire ; palace, 426. 

Bay window at castle, 428 
Thornton colDge ; for Sir Vincent Skynners, 
440 

Thorpe, John ; architect, his folio volume of 
drawings, 440. Observations on by Wal- 
pole, 441. Design for his own house, ib, 
Thorpland, Norfolk ; hall porch, p. 999 
Through stones, 1920 
Thrust ; of an arch, 1408—1412, 1496 
Tbuin, Jean de, and bis son ; architects, 559 
Thumb ; screws, 2268. Latch, 2262 
evfiAi}, of the Greek theatre, 172 
Tie-beam, 2031. Roofs, 2031 et seg,, 2052jnb 

2062O - 

rods to a beam, 1629«^. And suspeBsioD 

bars, strength of, ]603r 
Tierceron ; in vaulting, 1409/ 
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Ties of iroB, 557, 558, 660. And ohaini, 1405 
'ngraifet; palaoe of, at Diarbcikr, 805 
lur; floor aqU roof, 1908« et Arch or 
flat, in spec., 2282a. Floor, in sped., 22826, 
228^, 229^. Paving, 1906<i. To dean 
^Ues, 1905^ 

} — 1834 d $eq. Of what composed, and 
how manufactured, 1884. Varieties of, 
1835, 1906. Kidge roof and hip tiles, 1836. 
Gntter tiies, 1887. Pan or Flemibh. tiles, 
1838, 1907. Paving tiles, 1889, 18896, 
Bridgewater double roll tiles, 1888. Lock- 
jaw tiles, 1688. Weights, 1889. Terro- 
metallic tiles, 18d9a. Adamantine clinker, 
t6., 1905c. Mathematical tiles, 1889a. Of 
glass, 2281a. Glazed, 18d9a ; in spec., 
2284a 

Tiles ; Plain, Roman, and hollow ; proper 
slope of roofs for, 2030 

Tilers; tools, 1906. Work, in spec., 2288. 
Trowel, 1906 

Tiling, 1^6 et aeq. In spec., 2288. Measuring 
and estimating, 2801 
Tilting cistern ; for flushing, 18886 
Timber; chief material in use among the 
Chinese, 98 

— not an element in Egyptian architec- 
tural composition, 63 — 71. Houses in Eng- 
land, short account of, 489. On the Con- 
tinent, t6. At Troyes, 202dd 

•— different spedes of, 1684 et seq. Onk, 
1686. Chestnut, 1696. Beech, 1701. Wal- 
nut, 1708. Cedar, 1706. Fir, 1706. White 
flr, 1710. fipruce fir, 1711. American pine, 
1712. Larch, 1717. Pop ar, 1718. Alder, 
1719. Elm, 1720. Ash, 1728. Sycamore, 
1724. Biroh, 1726. Wellingtonia, 1726. 
Mahogany, 1727. Teak, 1728. Morung 
sanl, 1728a. Morra, 17286. Greenhearr, 
1728c. Peon or ^n, 1728<f. Kowrie, i6. 
Bed cedar, *6. Saoicue, ib. Iron bark, tb, 
Borneo wood, ib, Bilian, ib. Table of 
weights of timber, 1597, 1728e. Woods as 
classed at Lloyd’s, 1728/. Standards of 
deals, 1729 

— ports— Quebec, 1729a ; St. John’s, 17296; 
Pugwash, Miramichi, 1729c. Baltic ports 
— Memel, 1729d; Christiania, i6.;Drammen, 
ib. Home trade 1729e 

mode of preserving, 1780 — 1788. 
Preservation, 1789 — 1744. Deca}', 1745— 
1747. Prevention of decay, 1748—17626. 
Cure of dry rot, 1758. Drying, 1749a 
different species of strength, 1598* Co- 
hesive farca» iilthe direction of length, 1698, 

1599. Strength, in an upright position, 

1600. Resistance of a post 1602. Hori- 
zontal pieces of timber, experiments, 1608 
—1611. Strength, moditiea to its absolute 
i^d''piimitive force and its flexibility, 1611 
—1618. Strength of timbers in an indined 
position, 1622—1627. Timber injured by 
otr•in^ 1628iL Ditto by action of sun, 16280. 

' Tablo ^ strength of various timbers, 1682a. 
Strains on boams and girders, 1628p et tea, 
bverse strength of, 1628t et eeq., 162% 
etseq. Breaking weight oL 1680s. Crushing 
strength of, l^to. Weights (ff, 17280. 
Use of, in building, 1711^ 

— pillar ; strong^ of, 1^ et mo., 168O«0 
Timbers ; scantlings of, for roofs, 2087—2040. 
Should be measured when carcass of baUd<> ' 
ing is completed, 2814. Use of, in buildings, 
172^. Oonvorsioii of| 2126a se leg. Cubic 
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foot of ; to compute value, 2844, 2346. In 
spec., 2286. In circular work for roofs, 
2052 et seq. 

Tin ; strength of, 1630r. Alloyed with cop- 
per, 1791 

saw ; bricklayer’s, 1890 

Tinemonth. See ** Tynemouth ’’ 

Tinned iron; effect of, 17806. Lead pipe, 
2228m 

Tiuterno, Monmouthshire; conventual church, 
407, p. 971 et seq. 

Tiryns ; walls of, 81, 33 
Tisbury stone, lOOGg' 

Tivoli ; temple of the Sybil, 214, 2547 
Toad’s back rail, 2189 
Tobin ventilator, 2278s 
Toddington house, Bedfordshire, 446 
Toils ; of a hinge, 2155 
Toledo; cathedral, 588, 696. Franciscan 
monastery of S. Juan de los Reyes, 696. 
Gate of San Martino, 868 
Tolmen or colossal stones, 26. Constantine 
Tolmcn in Comwal4 ib. 

Tombs ; of the Romans, 254. Of the Hurutii, 
now of A runs, 266. Of Caius Cestius, at 
Rome, 266. That of Hadrian, at Home, U>. 
That of Cecilia Metella, at Rome, ib. Group 
of, from Pompeii, 267 

of Dukes of Burgundy, Pbilippe-le- 

Ilardi, and Jean-sans-Fenr, 64S. Of King 
John and Philippa, at Batalha, 60'). Of 
the Constable Pedro Fernandez de Velasco, 
596. Of Affonso II. and 111., Ac., and of 
Pedro I. and Ignez de Castro, at Alcobuya, 
602. Of the Scaligeri, at Verona, 617 

of Elizabethan architecture, 449. Of 

Patclifl’e, Earl of Sussex, ib. Of Dudley, 
Earl of Leicester, ib. Of Carey, Lord 
Hunsdon, ib. Under James I., 453. Of 
Archbishop Stratford, at Canterbury, 
imdd 

Tongres; church of Notre Dame, 657, 560 
Tongue ; in joinery, 2171, 2028, 2101 
Tonnage ; in valuation of warehouse!, 
p. 1098 

Tools for building ; used by the early Greeks, 
7. See “ Painters ” and* other trades 
Toothings ; of walls, 1900c 
Top rails of a door, 2180 
Torbay iron paint, 2278c 
Torsion, 162^, 168 lx 
Tortoise stove, 2279e , 

Torus, 2582. In Norman architecture, 897 
Tote ; of a plane, 2104 
Tothill Fields prison, 1866 
Totils takes Rome, 279 
TouzheneU cast iron, 17655 
Toughnam of bodies, 1680ft 
Toulouse t iitiiedral, 686. St. Semin, 646 
Toultecs ; gpfcdtecture of the, 110 
Toumai, 5m,^ <3athedral, 667, 568. Charoh 
of St. Quentin, 653, 654. The Madelein^ 
555. 8t. Jacques, ib, 

THcwer of Londo^ 894r-**898, 428 
Towers and spires ; ixmstmotioa of, 961, 
p. 1000 et §eq. In spec., 2284a, 22845. 
MediMval, domestic, at San Gin^guana 
622. Three wester^ 688. Of brick, at 
Bruges, 667 ; at Bois-le-Duc, 660 
Town drainage, 1888/ 

Town dw^inga fete industrial olsssifc 
8012 et §eq, 

Townley bml, Lancashire ; gallery, 8S8 
Tmoeiy bar, p. 990 
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Tracery and geometric forms, p. 1028. At 
Amiens, geometrical atvle of, p. 1062. In 
German Ootliic, 665. In windows, p. 989, 
p. 994 et nq, Jn spec., 22F4<i, 2286a 
Trajan’s ; Columuj 193, 486,2608. Bridge over 
Danube, 198, 222. Forum, 198, Arch at 
Benevenlum, p. 968 
Trams ; for paving, 1672 
Truni ; cathedral, 626 

Transition ; of periods in Gothic architecture, 
410, p. 969 

Transparent wire-wove for glass, 2220<f 
Transverse strain, 1628e, 1628^ ef seo., 1628<. 
In stone, 1502o. Stiength of bticks, 1888 
e( ae^. 

Trap t» drains, 22186. In spec., 2288a. To 
water closets, 2220a, 2220^. Of cast iron, 
in spec., 2266a 

doore ; in spec., 2285a 

Tras-j or terras, 1869« 

IVaversing wo^, 2121 

Tread, for steps, 2178a. Hawksley’s patent, 
2180 

Tread ; of metal, 2180, Of stoneware, 1908n. 

Of marble, 2002nn. In spec., 2285d 
Treasury, in London j by W. Kent, 17276 
— at cenie, 36. At Orc-homenos, 87 
Tredgold’s form of beam, 1628ar, lC'29i 
Tresham, Sir Thomas ; architect. 440 
Treussart’s concrete, 18626 
Treves or Trier ; church of St. Mary, 566 ; 

and of St. Matthias, 588 
Trevii temple at, 211, 2672 
Trevigi, Girolamo da $ architect, 427 
Triangle ; use of in proportion, p. 1005 ef wtq.^ 
p. 1008 et teq. No definite theory of design 
carried out on it, p. 1018 
Triclinium ; of a Roman house, 252, 268 
Triforium, 286, 555, 602. None to chancel of 
Bristol cathedral, p, 1017, p. 1028. At 
Wells cathedral, p. 1024. At Anueii.«i 
cathedral, p. 1061 

Tnglyphs ; origin of, 185. Regulate the dis- 
position of Doric order, 2605 
Trigon ; proportion, p. 1018 
Trigonometry ; plane, 1082 et eeq. 

Trimmers and trimming joists, 2017. How 
measured, 2840. To hearths, in spec., 
2282a 

Trimming; of slates, 2210 
Tripoli ; described generally, 132 
Triumphal arches ; different sorts, 220. Pro- 
portion of, p. 958 ef MU. 

Trochilus or Scotia, 2532 
Trough shape beams, 1629f 
— ^ closets, 2220o 

Trowel; bricklayer’s, 1890. Slater’s, 2209. 

Plasterer’s, 2238. Tiler’s, 1 906 
Trowelled or bastard stucco, 2236—2244 
Troyes ; fioors in timber houses at, 2028(2 
.Trunch, Norfolk ; church roof, 2062t 
Truro, Cornwall ; parochial church, 408, 421. 
Cathedral ; founders and dimensions, p. 
196 

Truss, 2081. System of trusses, 2032. For 
girders, 2021. In spec , 2285a 
Trussed; partition, 2025. Rafter rcoft, 2052m 
Trussing a beam ; formula for, 16;c9o, 16d0a, 
2021a 

Trying up, 2102. Plane, plumber’s, 2212 
Tubes ; ventilation bv, 22/8j^ tt seo. 

Tubing ; 2264a ; welded, for gas, v264a 
Took panting; in brickwork, lOOOe; la 
mefoniyt lvl5a 


Tuddington, Bedfordshire ; house ai, 440 
’i’udela ; cathedral, 587, 588 . 

Tudela de Duero ; parodiial church, 808 
Tudor style ; exann^ of, in Scotland, 48|« 
In En^and, 422 d eeq^ 482. Character- 
istics of, in windows, ceilings, flying but* 
tresses, ornaments, canopies, p^c^ls, 

480 

headed windows, p. 990 

Tufa ; in panels of vaults 1499cc, 2r029 
Tuileries and Louvre, at Paris, 857 
Tulle ; cathedral, 584 

Tunbridge, Kent; castle. 894. Sandstone 
1666t, 1667in. Ware, 2178c 
Tungstate of soda, 2971/ 

Turbine ; for ventilation, 2278A 
Turin ; Carlo Alberto statue, 1671a 
Turnbuckles. 2263 
Turpentine, 2271 
Tuscan Gothic architecture, 608 

order; inventors of, 258. The order, 

2558. Admits ot few ornaments, 2554. 
Method of profiling, 2.o55. Parts of, on 
larger scale, tb. 'J'able of heights and pro- 
jections, i6. Whole height of, 2556. Pal- 
ladio’s method of profiling, 2567. Ser.io’i 
method. 2558. Scamozzi’s method. 2559. 
Intercolumniation, 2606—2609. Arcade, 
2621. With pede..tal, 2628 
Tusculum ; aqueduct, 304, 806 
Tusk; in carpentry, 2008 
Tutbury church, Staffordshire ; door, 2002ee 
Twi'tiiJg or torsicn, 168 lx 
Tympanum, 2715. Face of, how disposed. 
2728 

Tynemouth, Northumberland ; conventual 
church, 407 

Types; of architeoture, in three states of 
Ule,2. Of the art, 258, 2507 


U FFINGTON, Berkshire; chancel ceiling, 
2028^. Porch, p. 998 
Ulm ; cathedral, 575. Apse, p. 1007 
Ulric, of Ulm ; architect^ 866 
Undercutting; lo mouldings, p. 981 
Underpinning; in spec., 2282c. Wedges fcur, 
iu spec., 2286 

XJndy-boltel; moulding, p. 978 
Unity ; in architecture, 2609 
Upholsterers and decorators ; to be avoided ia 
matters of taste, 2604 
Uria, Pietro de ; architect, 867 
Urinals ; of slate, 2221 
Use and wear ; in dilapidations, p. 1098 • 
Utenbove, M. ; arcbit^ 569 
Utrecht, bishop of ; killed by a Kficeimaioaf 
810 


YACUUM system of ventilation, 22786 
» Vaison, churches, 807 
Valencia; cathedral, 588, 594* Puert* da 
Serranos, 594. Tower £4 Mioalet^^. 

Vale Ro}*fu, Cheshire; conventual church, 
407 

Valladolid ; cathedral, 686. Casa del Ayun* 
tamiento, 596. S. Benito, 698. Sta Maria 
Madalena, 699* Domini^ college df ^ 
Gregorio^ 697. College ofimta Croc^ 867 
Valle Cmcis, Denbighshire; oonvontual 
church, 407 

Vallfagona, Bernardo de ; aichitect, 6^ 
Valaaorana, palm^ balustrades, 2m 
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YdoiUon cf pTO]^y) p. 1094 el eeq, 
wiitw closets, 2^6 
• to cisterns, 2228« 

Yesibriigh, Sir John ; architect, herald, and 
dramatist, 491 — 497 
Van Hecke's ventilation, 2278A, 22782 
Vanes ; in spec., 2286a 
Variety, desire for ; cause of decoration, 2515 
Varnish ; in paint, 2271c 
Varnishing; 2274, 22765. To clean, 2276c. 

In spec*, 2290a. 

Vasquez, M. ; architect, 605 
Vaucelles ; church spire, p. 1000 
Vault, I499p. Of stone, in India, 1903Ji, For 
covering apartments, how arranged^ 2849. 
Its weight and thmst, 2852. Springing of, 
2849—2854. In Gothic architecture, terms 
employed in, 1499c. Different spedes of, 
1499tc et eeq. Prepared for, before piers 
were set out, p. 1069 

Vaulting, cvlinarical ; how to regulate cais- 
sons in, 2602 et eeq. Compound and groined, 
1444—1456. Coved, 14b4— 1477. Spheri- 
cal, 1478 — 1493. Intersecting, 1944 et eeq. 
Roofing over, 20."2/ 

— examples of, 1499/i. Solid throughout, 
at Packiugton church, 525. At Ring’s 
CoUege chapel, > 1047, p. 1048. At Bath 
abbey chnre'^ p. 1052. In cloisters at 
Gloucester, 1b. In east aisle of Peterborough 
cathedral, t5. At St. George’s chapel, 
Windsor, i5. Thickness of stone in, i5. In 
chapter-hou*e, at Well«, p. 1026. To 
porches, p. 998, p. 999 

— shafts and ribs, p. 980 et eeq. 

Velarium ; of the amphitheatre, 229 
Yelletri ; campanile, 625 
Velocity ; of a falling body, I68O0 
Venddme; abbaye de la Trinity, tower, p. 

1004 

Veneers; gluing together in ioinerj’, 2200 
Venetian ; windows, 2766. Fram^, in spec., 
22^. Mosaic, 228 le, 2281 A Filters and 
tanks, 2228c et eeq. 

— Gothic arcfaiitectare, 608. Details, 
p.976 

filter, «82« 

— school of Italian architecture ; its cha- 
racter, 849, 856, 468, 464 

Venice ; church of San Marco, 284, 807. La 
Carith, arcades at, 2655, 2666. San Fantino, 
and pm. Gomari, 851. San Salvadore, 

Saoti Giovanni e Paolo, 618. Madonnadol 
Orio, Sta Maria GloHosa de’ Frari, #. 
Of the Bedentore, 854. San Zaccaria and 
San Salvatore, proportioii of, p. 1018. Rialto 
brid^t 856. St. Mark’s library. 857, 2910. 
Sola del Consiglio of ducal palace, 618. 
‘Piazza S. Marco, 855. Ca Ontarini Fasan, 
610. Pal. Grimani, 850. 

Venter ; of an aqueduct, 225 
Ventilated slating, 2a0c, 2210^ 

VenriUtion ; of sewers, 18875. Of drains, 
I888i. DA hospitals, 2976c. * Of rooms, 
8085. ^ huildiags. 2278 et eeq. Assists 
wanning, 2279a. To gas burners, 2278o. 
To dn£i8, 22205, 2228in. At '^theatres, 
20715 

Ventilators. 227^* Of glass, 2281a. Of per- 
forated zinc, IS245 Air bricks, iq spec., 
2286. Tobm’s, 2278i. Table of cpbe feet 
of air through a ventilator, 2278f 
VercelU} monaste^ pf San Andipa, 6U. 
Hostel, i5. Church, t5. 
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Verde AnUco and Verde dl Corsica inaiblei 
2002h 

Vcrgelb stone, p.l004 

Verona ; Church of Sta Anastasia, 624. San 
Bernardino, t6. San Fermo Maggiore, 6 16. 
San Pietrow door, 2148c. Amphitheatre, 
228. Pal. Porapei, 850. Porta del Pallio, 
t5. Porta Nuova, ib Theatre, 29 0 
Versailles; arched floor at war office, 19035 
Versed sine ; of an arc, 1040 
Yerueal; cathedral, masons’ marks, 8225. 

Cistercian abbey, 587, 592 
Yesica Piscis; use of, p. 1007, p. 1009, p. 
1010, p. 1014, p. 1048 

Yesinet, near St. Germain ; church, 1908;> 
Yespaeian ; temple to, a tRoroe, 209, 218, 260, 

I 262, 2547 

! Yesta; temple at Rome, 214, 2547 
Yestibulum ; of a Homan house, 244 
Ydzelay ; church, 684. Doorway, 639 
Yiaduct ; at Cuenca, 698 
Yianden ; ch^l of castle, 556 
Yibration ; affecting iron, 1779a 
Yice ; glazier’s, 2228 

Yicenza; cathedral, 624. Arcades, 2641, 2668. 
Balustrades at Cliiericato palace, 2698. At 
Porti pal., id. Pal. Tlnenne; window, 
2769. Arcades, 2656. Theatre, 2948 
Yictoria stone, 1667z 

Yieille Montagne zinc works, 1792, 1796, 
22245 

Yienna ; cathedral, 667. St. Stephen’s, 676 ; 
spire, p. 1006; choir, p. 1006; proportion, 
p. 1011. St. Maurice, 532. Stables, venti- 
lation, 2278n 
Yignola. See “ Barozzi ” 

Yilla ; site on which it can be designed, 2999, 
8001). Those of Rome, 846. Of tlie Romans, 
very extensive, 184. Of Cicero, 248. Of 
Luoullus and of Polho, id. 

sanitary specification for, 22945 

Yillage hospitals, 29765 
Yillaneuva, Baltasar, de; architect, 871 
Yillers ; abbey, 555 
Yillers, 8t( Paul ; lintel to door, 19255 
Yincennes; castle of, 811 
Yin^ The, Hampshire; portico at, 465 
Yintimigiia ; cathedral, 608 
Yiseu ; tower of Don Duarte, 607 
Yiterbo; the palazzetto, 614. Fountain, id. 
Yitruvius Poilio, Marcus; architect, manu< 
scripts of. 826. His precepts on the Doric 
‘ o2der, 2610. Work appeared, p. 1087 ; and 
work cited in the middle ages, p. 1018 
Yittorio, Alessandro ; architect, 856 
Yolterra ; walls of, 179 
Yolute ; of the Ionic order, 15L Method of 
describing, 19255, 2576 
Yomitoria ; of the amphitheatre, 229 
Youssoir, or keystone, 1948c 


W ADE, General ; how fon 510 
W^es of workmen, 815 
Waghemakere, Dominique de ; orebiteet, 568 
Wmbfingen ; outer churchy 580 ^ 

Wainscot, 1689, 21265. In efm-, 22855, 2286 f. 
How measorro, 2854 

Wakefield, Torkfl^ire ; ohapri on the bridge, 
421. Parochial church, 6.1 
Wales ; early buildings in, 867 
Walker’s eastern ofbot-wiriiBr blodkf^ 8057 ^ 
Walkin^n, Yotkabire | ^urch, ptopoeUoit 
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Of brick, in ipe<s., 2282 c, i 

22m, With concrete cores, In spec., 2284. 
HoUow, and ties. 1902c' 

Wall plates; framing, 2009. In spec., 2286a. 

How measured, 2888. Gothic, p. 986 
Walls ; at St. Filippo Neri,<H aples, 1685. St. 
Giuseppe and St. Domenico, Palermo, 1685. 
Of two hundred and eighty buildings in 
France and Italy, 1587, In private houses, 
1588. In large buildinge, 1589, 154(h Buies 
and examples for, 1542—1554. Examples 
for thickness of, in houses of many stories, 
1565—1560. In ordinary houses, 1666, 
1557. In double houses, 1558. OftheHOtel 
Venddme, 1560. Of a house for the Brothers 
Mocenigo, 1562. Pressure of earth against, 
and rules for finding thickness, 1584—1592. 
Thickness o^ 1900d. Pressure or force of 
wind against, 1592a el ieq. 

— » of biick ; mode of measuring, 2806— 
2808. Shonld be gradually carried up, 
1891. Precepts to & observed respecting, 
1898--.1900 

— and piers, 1600 el seo. Thickness pro- 
portions to hdght, 1602.* Stability and 
resi8tance2l500— 1502. Stability of, 1503 
—1517. Mode in which forces act on, 1505 
—1509. Enclosing spaces of different 
forms, 1512—1617. Method of enclosing a 
given area in a regular polygon, 1518— 


1528. Thickness, to aoqulre stimility, 1525. 
Exterior wall of San St^ano Rotoad(o, 1528. 
Thickness, in buildings not vaulted, 1529 — 
1564. Kept together by roofs, 1582—1641. 
Examples of, 1685 el ieq, Buies for, 1542, 
1548. Examples of, 1544— 1562 
Walnut, 1708 

Walslngham, Alan de ; architect, 819 
Walsoken, Norfolk ; bands to shafts in church, 


p. 989 

Walter, of Coventry’ ; architect, 895 
Waltham, Essex ; abbey, 889 
Wanstead house ; Essex, 446, 504 
Wantage, Berkshire ; bench end, p. 986 
Wappenbuiy, Warwickshire; ;k«porcion of 
church, p. 1018 

Ward of hospital, 297de, Sepatutioa of, 
2975d. Circnlar and rectangular, 2976t 
2975/. For dormitories of an infirmary, 
297& 

Warden, p^ 1046 
Wardour ffone, 1666^ 

Ware, Isaac ; architect, bis Complete Body of 
Arihiteehoret 525 

— Samuel ; his tract on VtndU and Bridget, 
1499x el teq. On Thoatret, 1499p 
Warehouse ; vahuttlon of, p. 1097. Posts, in 
spec., 22856. Flooxs, in spec., 22856 
Warkwortb, Northumberland ; castle, 898 
Warming, 2975y, 29766. Of buildings, 2279 
at teq* 

Warmtngton, Nortbamptonshiie ^ church, 
groined ceiling, Tower and spire, 

W p. 1001 

arsaw ; Centre, 2971 

Warwick I Beauchamp chapel, parapet, p. 
9^. OastIe,4i4,418,428. SeMooshoube, 
514 

Washers, X68tie 
Washnout water doeeti, 2220d 
Wastet in p. 1099 

pipe to OMbeUDL 

IkiBome, 


228 — ^228. To Industrial dwellings, hOll 
el teq. In spec., 2288. Wastepreventenof 
‘waste-notSj 2228/, 18886. Ol^ems and 
tanks, 22226 

Water, qualities of, 222SI/*. TO soften, 22226. 
Supply for daily nee, 2228. For morfor, 
1858. Weight of, 1692a. Weifi^t end 
quantity, 22281. Condensed, m spec.. 
2298p. Effect of lead on, 1785a. Effbct of 
copper on, 17896 

bar to casement, 21656, 2255if, 2269 

— closets, 2220 el teq. In ip^, 2285p^ 
2288. Apparatus^ 2220 el teq, 

glas^ 16676, 1667$. Pipes, 1699, 2228ii i 

of iron, 2228q. Truniu, in spec^ 22w 
—joint hinges ; in spec., 2285p, 2265fli 

works ; concrete for, 18626 

Water-lily ; used in Egyptian ornament, 87 
Waterloo bridge, 1671« 

Watson’s double current ventilator, 2278q 
Wavy ornament, 897 
Wax and resin paint. 227^ 

Wear and tear ; in dilapidations, fa 1099 el 
teq. 

Weather bar; we “ Water bar.’^ Boarding; 

in spec., 22856. THes, 19076 
Weathering course, p. 9B1 
Web or nb of a j^&te girder. 1629e 
Webb, John ; architect, 464, 466 
Wedge, 1321—1828, 1681i/. For underpin 
iiing, in spec., 2286 

Weeks and Co. : warming and ventilating, 
2278a 

Weights; of materials used in covering 
buildings, 20406. Of brickwork, &c., 2305 
el teq. Of building stones, 1666a, 16666. 
Allowed on a floor, 1618. See the various 
materials. Crushing, &c., 1500 d teq. 

and measures ; French, 1869 

Weissenfels ; church, 579 

Peter von ; architect, 579 

Welded wrought-iron tub^ 2228a 
Welding: iron, 1760, 1764a. Of a ttitch, 2255a. 
By hydraulic pressure, t6. By a gas appa- 
ratus, 22686 
Weldon stone, p. 1046 

WeU. To dig first, 2892. Sinking, 2218a, 
2218i. In spec., 2281, 22826 
Wellingham, Cambridgeshire ; church porcn, 
p. 998 

WelhngtonU, fir, 1726 

Wells, Somersetshire; cathedral, 898, 4061^ 
421. Founders and dimensions, 484b Pro- 
portion of, p. 1024. Chapter-house, 149966 l 
> 1025, p. 1026 ^ 

Welsbach gas UgM, SS64c 
Welsh; 2058. Lumps, Bag 

slates, 1802, 22116 
Wenham gas light, 2264e 
Wenlock, l^ropifiiwt dfaoir, 998 
Weifen ; ohur^ ^ ^Oiin, 579 
West Walt«m dihroh. Norfolk ; tower, 899 ' 
Westmiiister abbey obureh, 8^, 406, p. 1038, 
Founders find dimension K)95. Propor- 
tion of, YV J006; IK 1016. Aisimilatfog 
work, p. 968. Apse, jp^007. Pfora, p. 97C 
Corbd7p.981. Winooiim ia cloister, p. 1629. 
Circular window, p. 994. Henry Vllth’s 
chapel, 440, 528, 606, 1499fir> 97i««l mq-f 
p. 1054 el sso. TaiXltlng, 20(^ d se§s 
Miseri^ p. ^ ^ 

— Pilaee. Pahited eha«iber,> windOift 
1 p. 969. Sh St«ph«tt*8 dii^ riN 
1 1940 
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Westminsfidr baS; section, 415 ; Windoir, 
School Boof, mit Palace, 42S. 
1502c; donniteiT, 510. Bridge, granite, 
16710, 1671c, 1671* 

VTastmoreljuidY yentilator, 227S» 

Westwood hall, Worcestershire, 426, 446 
Wetter ; church, 567 
WetterStedt's marine metal, 1786, 22S4e 
Weyrer, Stephan j architect^ 680 
Whamclifre stove, 2279d 
Wheat stsaer $ In thatching, 2211# 
ifeeeh!e*8 Beading abbey stone, lOOScc 
|H»el windows, p. 9£3 et $eq, 

^Mfe ndanle, 1807—1814 

W||M|pe, 1922*. Crushing wdlgb^ of, 

W^pH^ain, Isle of Wight; ohureb, 2245a 

Wbis^i^ gallery, 2964 

Whitby, Yorkshire ; conventual church, 407. 

Assimilating wor^ p« 969. Mullions, p. 991 
— stone, 16o7» 

White, WilUam; architect, on proportion, p. 
1017 £t teg. 

White; ant in timber, 1728<f, 1744. Cast 
iron, 17666. Brick, 1881e Lead, 2271a 
et Meq, New process of, 22726. Charlton, 
2273^. Washing, 227^ 

Whitehall ; palace, 467 ; banqueting house, 
458 ; window, 2762 
Whitewashing, 2^74 
Whiting, 2274 

Whittington, Rev. G. D. ; writer on pointed 
architecture, 810, 318—316 
Whittlesea, Cambridgeshire ; parochial 
church, 421. Tower, p. 1002 
Wight’s fireclay tiles, 19034 Company and 
inventions, 1908r 

Wilfrid ; bishop of York, 888, 886, 886 
Wilkes’ metallic paving, 1906c 
Wilkinson and Co.’s specular granitic paving, 
1905c. Fibrous slab, 22466 
Willesden roofing paper and canvas, 2210^ 
WilUam of Sens ; architect, 8070, 812, 821, 
396 

of Worcester. See ** Botoner ** 

ofWykehamj bishop, as builder, 819. 

His college chapels, p. 1007 ^ 

Willis, Prof. Robert; on penetration of 
mooldiags, 578. Work on Architectural 
Nomenclature^ p. 970. Work on Fainted 
VauiAna, 14996* 

Willoughby, Sir Francis ; house for, 440 
Wilton house, WUtshire, 461, 608. Works 
in church, ^bOg 

Wimbledon, Surrey ; house for Sir Thomas 
Cecil, 440, 446, 448 

Wimbotsba^ Norfolk ; church, 2052o 
Wimmington, Bedfordshire; churoii roof, 
2062o 

Wimpfen-im-Thal ; ohlMi, 669 
Winimelsea, Sussex ; parochial church, 898 
Winchester, Hampshire; cathedral, 81^ p. 
,998. Founders and dimensionB, 484 Pro- 
portions 0 ^ p. 1012, p. 1016, p. 1021. Nave, 
p. 1041, p. 1048. Cmoir, p. 1044 ; groined 
ceiling, 202dp. Piers of nave, &c., p. 1028* 
Base course, p. 988. Parapet, *6. Clevd- 
story window, p. 990, p. 1082, Stall mould- 
ings, p. 984 

St Mary*s oollege at, ohapeL p* 1007. 
Proportion, m 1014. Groined ceiling, 2028p. ' 
Sacristy, ooroels,|>« ^ 

paiaoe* Southwark; wiudpw, a. 1015. 
'Oiiimkr wiiidow, p. 994 


Wind; pressure or force 1592a #f ssp 
Eilhets of, on stone, 1667/ 

guard, revolving, 8084. Slaking, ISlSa 
Wind^ Captain William ; orohitect, 465 
Winded ; in stairs, 2186 
Winding; in joinery, 2128. Stairs, 2806 
Window or Ajimes ; of ^[>ain, 585 
— cleaning, 2280. Bars of glass, 2281a. 
Backs, elbows, and soffits, in spec., 2285c. 
Ventilation, 2278o. Guards of iron, in 
spec., 2286a 

Windows ; 2745 at sea. In Bgj’ptian build- 
ings^ 82. Blank to M avoided, 2746. Pro- 
nortions of, as connected with apartments, 
2746. Mode of obtaining proper quantity 
of light 2747. Rule ibr size, by Chambers, 
2748. Rules by Morris, t6. Examples of 
♦Toles for sizes, 2749—2762. When there 
are two ranges of windows in rooms, 2758. 
Piers of, 2764. In the same story should 
be similar, 2755. Venetian, 2756. Ex- 
amples of Italian, 2767 et seq. Examples 
of Gothic, p. 988 et eeq. Examples irith 
tracery, p. 1028. Of three days, p. 1029. 
Of four days, p. 1080. Of six dayt P* 1081. 
Divisions of, p. 1007. Efihct of ^d and 
bad, p. 991. At Cadlsle cathedral, 1602c. 
At Westosfnster hall, *6. Jamb mouldings, 
p. 992 et eeq. 

painted and stAined, 22816. Alabaster, 

"dee., 615, 2002pp 

Windw, tokshire ; St George’s chapel, p. 
1050' St Vaulting, 2002x, Doorway, 
p.998. Clerestory windows, p. 998. Tomb 
nouse, mullions, p. 990 ; decoration, 2281*. 

Castle, 898, 894, 898, 527, 2882 

bricks, 1826 

Wine bins ; of slate, 221 Iq. Of iron, 2265g. 

Cellars fitMugs, in spec., 22826, 2284c 
Wingfield, Derbyshire; manor house, 428. 
Porch, p. 999 

Winter ; building brickwork in, 1882a, 19006. 
2250* 

Wire ; strength of, IGSOr. Gauge, Birming* 
ham, 2254. Cords, rope, and strand, 2260. 
Wire wove for glara, 2226<f 
Wirework ; in lieu of lathing, 2246c, 297 Li 
Wismar ; church, 567. St Mary’s church, 672 
Witney, Oxon ; parochial church, 408 
Wittering, Northamptonshire : churchy p. 971 
Wittlich, J. von ; architect. 688 
Woburn, Bedfordshire ; abbey, 512, 624 
Wolfe, John ; architect, 604, 526 
WoUaton hall, Notts, 440, 448, 446, 462 
Wolsey, cardinal ; his buildings, 426 
Wolterton hall, Norfolk, 426, 1908a 
Wood, John, of Bath ; ikdMtoct, 618 
Wood ; earliest material employed in buildiiig, ^ 
7. Used for joinery, 2125c. S'## “ Timbec?’ 
Affected by heat from hot-water pipes, 
2279t. Good sound conductor, 2964 

block floor, 2173c. Mosaics, 19^/ ' 

briok^lSO. In spec., 22854 Mmudings, 

p. 984^K Tapestry, 21 756 * 

— carpHprquetry, 2178^ ^ 

worW!!|machims,2msfs% €mrrktg 

machine, 2]p^ , ^ 

Woodstock. Okmrdsltire t nalaoe. 428 
Woodwork ; medi«Tal, 21^^2192#. Ready- 
made, 21^ ^ ' 

Worcester j cathodral, 421. . fujunders and 
dimenaimi& 484. Seorioo,l598^ Chapter 
bomfi, 149966. Roof over suilir;^ wm- 
ikopa,2042 
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Workhonae Infirmaiy, 2976fl tt mg. 

Working drawings ; j^nciples on which ibcr 
are to be made» 24M st mg, MedUeval. p. 
1008 ^ 

• strain) limited^ on a wxonght-iron struo- 
tore, 1628 / 

Workmen; mediBBval, 808. Building n 
church, 666 

Worms; cathedral. 287. Two apsides, p. 

1007. Piers, p. 975 x' r 

<— sea, 1728c. In timber, 1742 mq. 
Wren, Sir Christopher ; architect, 819, 466— 
489, li99cc, Parentaiioy 481—489, Work 
at Chichester cathedral spire, p. 1004. 
Opinion on buttresses, p. 1048. Followed 
certain proportions, 863 
Wrexham, Flintshire ; parochial church, 4^1 
W right and Co.*8 lintel, 1908a 
Wright’s fixing block, 2166. Tar paving, 
1905A ^ 

Wrought iroiL 1764 et mq. Columns, 2266. 
Casements, 2265d. Ornamental work, 22656 
ei teg. 

Wyatt, James ; arohitect2627. His house in 
Portland Place, iL His patent slating, 
2210i ^ , 

— Benjamin ; architect, work on^ theatres, 
2956, 2965 

Wykehanu William” 

Wyken, Warwickshire; church doorway* 
p. 997 ” 

Wymondhaoi, Norfolk; church roof, 2062< 


X ANTEN ; church of St. Victor, 577 

Xochiculco j militarj' intrenohment of, U4 
Xystus ; of the Greek gymnasium, 175. Of 
the Homan baths, 286 


Y ard paving ; in spec., 2284c 

Yaroslat, prince j patron of architecture in 
Russia, 376 

Felvertoft, Norfolk ; church, p. 988 


BWI 

Toth ; eathadraiy 488 . Fotmdeni and 
tioi »9 484>. oatUnib 2D28pi Wia 

dows^ «<fiv 0 p* w 8 . Rose window, 

south transept, 994, P* l016.^ Westwiu 
dow, p. 1081. Qim;>ter%oiM 149966. Oott* 
ventoal church of St Waij, 421. St 
Margaret's porch, 898. All SSuais’ Pave* 
ment church, beacon, p. lObSi Parochial 
church of All Saints^ 43a 

— Castle^ 894 

— Duke of I house ft*, 82l 

— Lodge of masons, 816 

— Place, London, 428 

— Btrirs water gate, Ltmdon, 4ifgt 

Tpres, 661. Church of St Pierre, 564, Of 

St Marthi, 566, 657, 659 

Tpsambodi ; temple. 8m " Ipsambul** 

Yorkshire stone, 16661 


Z AMODU ; architect 8m « Qmodio* 
Zamora; church, 686, 687 
Zaragoza; cathedral, 597. Church of Sti 
Engraoia, 867 
Zax; slater's, 2209 
Zecco or Mint at Venice, 851 
Zehra or Zahm, near Cordova, 121 
Zerbst ; church of St. Nicholas, 567, 579 
Zinc, 1792 it mg. Found everywhere 1792. 
Mode of extracting Arom ore, i6. Formed 
into plates and w^e, 1798. its peculiari- 
ties, 1793, 1794, 2224p ei sea. Alloyed with 
copper, 1790. Strength of, 1680r. Effect 
of, on iron, 17806. Effect of atmosphere on 
17956. Strips applied to copper, 2224 
— white ; for paint 2272o 
— work, 22246. In spec., 2294. Flue pipes, 
17956 

Zinked iron, 1796. Tinned Dron, 1796a 
Zodiacal signs and emblems, 539 
Zopissa paint, 227^ 

Zwickau ; church of St Mary, 667 
Zwimer, Ernest Friedrich ; architect 574 
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Questions for Examination. Crown 8vo. 7#. fed. net 
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TEXT-BOOKS OF SCIENCE. 

(Adapted for the Use of Students in Public or Science Schools.) 


Pliototfraphy* By Cy)tain W. Db Wive- 
LBSLTE Abney, C.B., F.R.S,, 106 
Woodcuts. Fop. 8vo. Ss. Qd, 
fha Btren^th of Material and Struoturee : 
the S trench of Materials as depend- 
ing on their Quality and as ascertained 
by Testing Apparatus; the Strength 
of Structures, as depending on their 
form and arrangement, and on the 
materials of which they are composed. 
By Sir J. Anderson, C.E., &c. 66 
Woodcuts. Fcp. 8vo. 3s. 

Railway Appllanoei — A Description of 
Details of Railway Construction sub- 
sequent to the completion of Earth- 
works and Structures, including a 
short Notice of Railway Rolling Stock, 
By JoUN WoLFB Barry, C.B., M.I.C.E. 
218 Woodcuts. Fcp. 8vo. is. 6d. 
Introduction to the Study of Inorganic 
Chemistry. By William AIlen 
Miller, M.D., LL.D., F.R.S. 72 
Woodcuts. 8s. 6rZ. 

Quantltaitlve Chemical Analysis. By T. 

E. Thorpe, F.R.S., Ph.D. With 88 
^ Woodcuts. Fcp. 8vo. is. 6d. 
Qualitative Analysis and Laboratory 

Practice. By T. E. Thorpe, Ph.D., 

F. R.S., and M. M. Pattison Muir, 
M.A., F.R.S.E. With Plate of Spectra 
and 67 Woodcuts. Fcp. 8vo. 8«. 6d. 

Introduction to the Study of Chemical 
Philosophy. The Principles of The- 
oretical and Systematical Chemistry. 
By William A. Tilden,D, S c,, London, 
F.R.S. With 6 Woodoute. With or 
without Answers to l^blems. Fcp. 
8vo. 45. 6d. 

Elements of Astronomy. By Sir R. S. 
Ball, LL.D., F.R.S. With 136 Wood- 
cuts. Fcp. 8vo, 65. 

Systematic Mineralogy* By Hilary 
Bauerman, F.G.S. With 873 Wood- 
cuts. Fcp. 8vo. 65. 

Mescrlptive Mineralogy. By Hilary 
Bauerman, F.G.8., &c. With 286 
Woodcuts. Pep. 8vo. 65. 

Metals, their Properties and Treatment. 
By 0, L. Bloxam, and A. K. Hunt- 
ington, Professors in King's College, 
London. 180 Woodcuts, Pop.Svo. 6s. 
Theory of Heat. By J. Clerk Maxwell, 
M.A.,LL.D., Edin., F.R.SS., L. and 
H. New Edition, with Corrections 
and Additions by Lord Rayleigh. 
WithBBHlustrations. Pop.Svo. 45. 6d. 


PraoUcal Physics* By R. T. Glazbbroox, 
M.A., F.R.S,, and W. K. Shaw, M.A. 
With 184 Woodcuts. Fep.Svo. Vs.Sd. 
Preliminary Survey. By Theodore 
Graham Gribble, Civil Engineer. In- 
cluding Elementary Astronomy, Route 
Surveying, Taoneometry, Curve-rang- 
ing, Grapliic Mensuration, Estimates, 
Hydrogmphy, and Instruments. 130 
Illustrations. Fop. 8vo, 65. 

Algebra and Trigonometry. By William 
Nathaniel Griffin, B.D. 85, 6d. 
Notes on, with Solutions of the more 
difficult Questions. Fcp. 8vo. 85. 6d. 
The Steam Engine. By George C. V. 
Holmes, Secretary of the Institution 
of Naval Architects. 212 Woodcuts. 
Fcp. 8vo. 65. 

Electricity and Magnetism. By Fleem- 
iNo Jenkin, F.R.SS., L. and E. With 
177 Woodcuts. Fcp. 8vo. 85. 6d. 

The Art of Electro-Metallurgy, including 
all known Processes of Electro-Deposi- 
tion. By G. Gore, LL.D., F.R,S. 
With 66 Woodcuts. Fcp. 8vo. 65. 
Telegraphy. By W. H. Pbeece, O.B., 
F.R.S., M.LC.E., and Sir J. Sive- 
WRiGHT, M.A., K.C.M.G. 266 Wood- 
cuts. Fop. 8vo. 65. 

Physical Optics. By B. T. Glazebboox, 
M.A., F.R.S. With 183 Woodcuts. 
Fop. 8vo. 6s. 

Technical Arithmetic and Mensuration. 

By Charles W. Mebbifield, F.R,S. 
85. 6d. Key, by the Rev. John 
Hui^tkr, M.A. Fcp. 8vo, 85. 6d. 

The Study of Rooks, an Elementary Text- 
Book of Petrology, By Frank Rutley, 
F.G.S. With 6 Plates and 88 Wood- 
cuts. Fcp. 8vo. 45. 6d. 

Workshop Appliances, including Descrip- 
tions of some of the Gaumug and 
Measuring Instruments—Hand-Coi- 
^ ting Tools, Lathes, Drilling, Planing, 
ana other Machine Tools used by 
Engineers. By C, P. B. Seellet, 

M.I.C.E, With 828 Woodcuts. Fop. 

8vo. 65. 

Elements of Machine Oesigm Bv W* 

Cawthornb Unwin, F.ItS,, B.80. 
Part I. General Principiee, Fauldn- 
ings, and Transmissive liaohinery. 
. 804 Woodcuts. 6#. * 

Part II. Chiefly on Ei^ine Detgi^ 
174 Woodcuts* Fop* 8vo* 
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Structural and Physiological Botany. By Plane and Solid Geometry. By H. W. 

Dr. Otto Wilhelm Thom^, and A. W. Watson, M. A. Fop. 8yo. 8^^ 65. 
Bennett, M, A., B. Sc., F.Li.S. With 
600 Woodcuts. Fop. 8vo. 6s. 

ELEMENTARY SCIENCE MANUALS. 

Written specially to meet the requirements of the Elementary Stage op 
Science Subjects as laid down in the Syllabus of the Directory of the 
Science and Art Department. 


Practical Plane and Solid Geometry, in> 

eluding Graphic Arithmetic. By I. 

H. Morbib, Fully Illustrated. Cr. 
8 VO. 2s. 65. 

Geometrical Drawing for Art Students. 

Embracing Plane Geometry and its 
Applications, the Use of Scales, and 
the Plans and Elevations of Solids, as 
required in Section I. of Science Sub- 
ject I. By I. H. Morrih. Crown Bvo. 
1». 65. 

Being the First Part of Morris’s 
Practical Plane and Solid Geometry. 

Text-Book on Practical, Solid, or Des- 
criptive Geometry. By David Allen 
Low. Parti. Crown 8vo. 25. Part 
11. Crown 8vo. 3s. 

An Introduction to Machine Drawing and 

Design. By Davld Allen Low. With 
97 Illustrations Cr. 8vo. 2s. 
Building Construction. By Edward J. 
Burrell, Second Master at the 
Technical School of the People’s 
Palace, London. With 308 Illustra- 
tions. Crown 8vo. 2s. 65, 

An Elementary Course of Mathematics, 
Containing Arithmetic ; Pluclid (Bool; 

I. with Deductions and Exercises); 
and Algebra. Crown 8vo. 2«. 65. 

Theoretical Meohanioe. Including Hy- 
drostatics and Pneumatics. Jiy J. E. 
Taylor, M. A. , B. Sc. With numerous 
Examples and Answers, and 176 
Diagrams and Illustrations. Crown 
8vo. 23. 65. 

Theoretical Mechanics— Solids. By J. 

Edward Taylor, M.A., B.So. (Lond.), 
With 163 Illustrations, 120 Worked 
Examples, and over 600 Examples 
from Examination Papers, &c, Crown 
8vo. 23. 65. 

Theoretical Mechanics— Fluids. By J. 

Edward Taylor, M.A., B.So. (Lond.). 
With 122 lUustrations, numerous 
Worked Examples, and about 600 
Examples from Examination Papers, 
<Sco. Crown 0vo. Be, 65. 


A Manual of Mechanics : aii Element^ 
Text-Book for Students of Applied 
Mechanics. With 138 lUustrations 
and Diagrams, and 188 Examples 
taken from the Science Department 
Examination Papers, with Answers. 

By T. M. Goodeve. Fcp. 8vo. 23. 65. 

Bound, Light, and Heat. By Mark B. 
Wriout. With 160 Diagrams and 
Illustrations. Crown Bvo. 23.65. 

Physios. Alternative Course. By Mark 
R. Wright. With 242 Illustrations. 
Crown 8vo. 2s. 65. 

Magnetism and Electricity. By A. W. 

PoYHER, M, A. With 235 Illustrations. 
Crown 8vo. 23. 65, 

Inorganic Chemistry, Theoretical and 

Practical. With an Introduction to 
the Principles of Chemical Analysis. 
By William Jago, F.C.S., F.I.O. 
With 49 Woodcuts and numerous 
Qaestions and Exercises. Fop. 8vo. 

23. 65. 

An Introduction to Practical Inorganic 

Chemistry. By William Jago, F.O.S. , 
F.I.e. Crown 8vo. 18.65. 

Practical Chemistry : the Principles of 
QuaUtive Analysis. By William A. 
Tilden, D.Sc. Fop. 8vo. la. 65. 

Elementary Chemistry, Inorganic and Ov« 

ganio. By W. S. Furneaux, F.B.G.S. 
With 66 Illustrations. Cr. Bvo. 23. 

Elementary Geology. By Orarles Bird, 
B.A., P.G.S. With Coloured Geo- 
logical Map of the British Islands, and 
247 Illustrations. Crown 8vo, 65. 

Human Phyilology. By Willum 
Furneaux, F.R.G.S. With 218 lUug* ' 
trations, Crown 8vo, 23 , 65, 

Elementary Botany, Theorcrticai and 

Practical By Henry Edmonds, B.So., 

I London. 819 Woodcuts. Crown SVo. 

I 23. 65. 
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Stwii. By William Bippeb, Member 
of the Institution of Meoha*nical 
Etig;iiieers. With 142 Illustrations. 
Crown 8vo. 25. M. 

Blameiitary Phyiio^aphy. By J. Thobn- 
TON, M.A. With 10 Maps and 173 
Illustrations. With Appendix on As- 
tronomical Instruments and Measure- 
ments. Crown 8vo. 25. 6d. * 


A^toulture. By Hairtiy J. Wjibb, PhD., 
late Principal of the Agricultura 
College, Aspatria, With 84 IHustra 
tions. Crown 8vo. 25. 6d. 

A Course of Practical Elementary Biology 

By J. Bidgood, B. So. With 226 lilus 
trations. Crown 8vo, 45, 6d. 


ADVANCED SCIENCE MANUALS. 

Writtev specially to meet the requirementa of the Advanced Stage oi 
Science Subjects as laid down in the Syllabus of the Directory of th 
Science and Art Department. 


Agrioulture. ByHENEY J. Wfbb, Ph.D., 
late Principal of the Agricultural 
College, Aspatria. With 100 Illustra- 
tions. Crown 8vo. 75. 6d* net. 

Magnetism and Eleotrlolj^* By Authub 
William Poysek, "^^m.A., Trinity 
College, Dublin. With 817 Diagrams. 
Crown 8vo. 45. 6d. 

Inorganic Chemistry, Theoretical and 

Practical A Manual for Students in 
Advanced Classes of the Science and 
Art Department. By William Jago, 
F.C.S,, F.I.C. With Plate of Spectra, 
and 78 Woodcuts. Crown 8vo. 4s. 6d. 

Physiography. By John Thornton, M. A. 
With 0 Maps, 180 Illustrations, and 
Plate of Spectra. Cr. 8vo. 45. 6e/. 


Heat. By Mark R. Wright, Hon. Intel 
B. Sc. , (Lond.). With 186 Illustration 
and numerous Examples and Kj 
amination Papers. Cr. 8vo. 45. Qd. 
Building Construction. By the Autho 
of ‘ Kivington’s Notes "on Buildiu 
Construction With 886 Illustration 
and RD Appendix of Examinatio 
Questions. Crown 8vo. 45. ^d. 
Human Physiology. By John Thorntoj 
M.A. With 2.!>8 Illustrations, some < 
which are coloured. Crown 8vo. 6 
Theoretical Mechanics— Solids. h 
eluding Kinematics, Statics, ar 
Kinetics By Arthur Thornto 
M.A., F.R.A.S, With 220 lllnstr 
tions, 130 Worked Examples, and ov( 
900 Examples from Examinatic 
Papers, &c. Crown 8vo. 45. Gd. 
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B.A., of the City and Guilds of London Institute. 


Astronomy. By Sir Robert Stawell 
Ball, LL.D., F.R.8. With 41 Dia- 
grams. l5. Gd, 

Mechanics. By Sir Robert Stawell 
Ball. LL.D,, F.R.S. With 89 Dia- 
grams. l5. Cd. 

Laws of Health. By W, H. Corfield, 
M.A. , M.D. , F.R. C.P. With 22 lilus. 
trations. Is, Gd. 

’ ileteoular Physios and Sound. By 

Fredjbbick Guthrie, F.R.S. With 91 
Diagrams. l5. Gd. ' 


Oeenietry» Con^EH^t Flgurte. By 0, 
Senbici, Ph.D.. F.B.S. With 141 
Diagrams. Xs. Gd. % • 

Zoology «f the Invevtehrege Animals. By 
Alexander Maoalisteb, M.D. With 
69 Diagrams. l5. Bd, 


Zoology of the Vertebrate Animals. 3 

Alexander Macalister, M.D, Wi 
77 Diagrams. Is. Gd. 

Hydrostatics and Pneumatics. By J 

l^HiLip Magnus, B.So., B.A. With 
Diagrams. Is. Gd. (To be bad ‘S 
with A newer 8, 25. ) Tne W orked Soj 
tion of the Problems. 25. 

Botany. Outlines of the Classifioati 
of Plants. By *W. R. McNab, M 
With 118 Diagrams. Is. Gd. 

Botany. Outlines of Morphology s 
Physiology. By W. JB. McNae, M 
With 42 Diagrams. Is. Gd. 

Thermodynamies. By RiohaEd W^ 
MBLL, M,A., D.Se, withdlJWagrai 
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